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A simulation model capable of execution on a program-

mable calculator was developed to study voluntary intake,

liveweight change, and fertility of grade Zebu cows in the

Llanos of Colombia. Organic nitrogen in the diet and meta

bolic weight were used to predict intake; age, liveweight,

and energy concentration were the driving variables for the

maintenance prediction equation. Energy concentration was

calculated as a function of crude protein and digestible

organic matter, and liveweight change was predicted as a

function of intake, maintenance, liveweight, and energy

concentration. Multiplicative correction factors were fitted

from data obtained from cow-calf experiments to adjust intake

and maintenance for the effects of burning the native

savanna, compensatory gain, mineral deficiency, and lactation

and gestation. The correction factors were .89 for intake

after burning the native savanna, 1.05 and .95 for intake

and maintenance during compensatory gain, and .90 for reduced



intake due to mineral deficiency. Correction factors for

physiological status were 1.20for intake during early and

late lactation, and 1.40, 1.32, and 1.05 for maintenance

during early lactation, late lactation, and late gestation,

respectively. The correction factors for burning and com-

pensatory gain were fitted against data from dry cows of

Herds 4-5 of the Herd Systems Experiment (HSE) and yielded

a Pearsonian correlation coefficient of .95 (p<.001) between

observed and simulated average daily gains. between March 1975

and June 1976. Correction factors for early lactation, late

lactation, and late gestation were fitted with data from

early lactation, late lactation, and late gestation cows

from Herds 4-5, and correlation coefficients for observed

vs. predicted daily gains computed. Results were .89, .83,

and .84 (p<.01) for each physiological state, respectively.

The correction factor for mineral deficiency was fitted

against dry cows of Herds 2-3 and yielded a correlation

coefficient of ..90(p<.01).

The first validation of the model performed against

lactating and late gestating cows of Herds 2-3 and all cows

from Herds 6-9 of the HSE yielded correlation coefficients

between observed and predicted average daily gains for

early lactating, late lactating, and late gestation cows

from Herds 2-3 of .77 (p<.05), .75 (p<.05), and .62 (p<.10).

Results obtained for Herds 6-7 were .93 (p .001), .73

(p<.05), .94 (p<.01), and .87 (p<.01) for dry, early lacta-

tion, late lactation, and late gestation cows, respectively.



Results for the same categories of cows in Herds 8-9 were

.90 (p<.01) .87 (p<.01), .88 (p<.01), and .93 (p<.001),

respectively.

Two cows selected at random from each herd of the HSE

were simulated. Correlation coefficients between observed

and predicted liveweights were calculated in each case.

Results for Herds 2-3, 4-5, 6-7, and 8-9 were .89 (p<.01),

.92 (p<.001), .20, and .12, respectively. Validations were

performed against steer grazing data collected at Carimagua

at the same time as the HSE.

A distribution relating liveweight at breeding to

probability of calving was developed. Results showed that

less than 10% of conceptions occurred at breeding weights

below 260 kg, 10% or more of conceptions occurred within

each 20 kg weight interval from 260-380 kg and calving rates

decreased at cow breeding weights greater than 380 kg.

Results obtained for predicting the calving rate of each cow

herd of the HSE were good. A validation of the calving rate

predictions was conducted with independent data. Observed

conceptions were 56 and 76% for two herds. Predicted

calving rates were 53 and 68%, respectively. In an experi-

ment with the model it was concluded that a maximum of 80%

calving could be reached with an optimal combination of the

inputs of the Herd Systems Experiment.
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COMPUTER SIMULATION OF BEEF CATTLE PRODUCTION
SYSTEMS IN THE LLANOS OF COLOMBIA

INTRODUCTION

During the past decade the International Center for

Tropical Agriculture (CIAT) in cooperation with the Colombian

Institute of Agricultural Research (ICA) has collected

large body of data on beef cattle production systems in the

Llanos of Colombia. A systems analysis approach provided a

method for organizing this large body of data and gaining a

new perspective on the conditions which limit beef cattle

production in the Llanos. The central question asked in this

thesis was, "How much are cows consuming under different

production systems and how does this affect their fertility?"

A simulation model simple enough to be executed on a hand-

held programmable calculator was developed to study voluntary

intake, liveweight change and fertility of brood cows in the

Llanos. The simulation model quantified voluntary intake

and the shortfall between it and maintenance requirements

during periods of nutritional stress and related these

values to observed and expected levels of fertility in an

efficient and systematic manner. The system studied in this

research consisted simply of voluntary intake, liveweight

change, and fertility of cows.

The study and the quantificationof the interrelation-

ship of these three elements provide a powerful tool'for

animal scientists and economists interested in determining



the most efficient methods of increasing animal production

in the Llanos of Colombia.

Objectives of Research

The purpose of this study was to quantify the voluntary

intake of grade Zebu cows grazing tropical rangelands.

A simple simulation was developed to predict changes in

liveweight and then to estimate expected calving rates from

the liveweights of the cow herds. Simply stated the simula-

tion predicted a level of calving given the feed available

in a production system. The ultimate goal of this research

is to estimate how many hectares of an improved pasture are

needed to raise calving rates in the Llanos to an acceptable

level, defined as at least 3 calves every 4 years. With

data presently available it was possible to quantify produc-

tion of cow herds under traditional systems and to study the

increase in production made possible by improved management

and nutrition. This quantification provides a base from

which to measure the effects of new management techniques

and new pastures as data become available.
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LITERATURE REVIEW

Miller (1975) has provided an interesting early history

of mathematical modeling of systems. During and immediately

following World War II the U. S. Army Air Force and the multi-

national oil companies were among the two earliest users of

computerized mathematical models to allocate scarce resources

and make military or management decisions. By the early

1950's this technology became available to a number of com-

panies and to the agricultural universities. In 1951 Waugh,

published a paper in The Journal of Farm Economics which

used linear programming to solve a minimum cost dairy ration.

Linear programming - -a form of mathematical modeling which, if

a feasible solution exists, finds a unique allocation of

inputs subject to a given set of constraints such that the

return from the inputs is a maximum--remains a popular

technique in modeling agricultural systems.

General Principles of Model Building

In a study of the techniques of simulation model build-

ing in Australia, Wright and Dent (1969) point out that the

lack of suitable biological data is a major problem in model

building. The model builder has to modify and sift through

available biological data to fit and run the model. Relation-

ships may even have to be synthesized based on theory or

subjective estimates where no data are available. Cooperation
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between the model builder and the biologist is essential for

the proper interpretation of data or synthesis of theoretical

relationships if the model is to be biologically consistent.

This is a major problem of model building and a shortcoming

of many models.

Wright and Dent (1969) also point to the lack of a

generally accepted methodology for the verification or valida-

tion of simulation models. Many models are used without any

validation process at all.

Anderson (1972) has provided an overview of economic

models and agricultural production systems-. Models are classi-

fied according to three main characteristics: whether or not

a model is explicitly time dependent, whether it is stochastic

(probabilistic) or deterministic, and whether it involves an

intrinsic optimization process. The four main

models discussed are:

a) Static deterministic models -

types of

A common form of this

type is an LP model to solve a least cost ration. In general

this type of model is used for microeconomic analysis.

b) Dynamic deterministic models -- A number of models

discussed in this section (e.g., Smith and Williams, 1973)

are of this type.

c) Static stochastic models.

d) Dynamic stochastic models.

Anderson concludes that this last type of model--time

dependent and probabilistic--most nearly approximates the
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agricultural enterprise, but is often difficult to program

and expensive to run. A number of practical modeling

problems are also discussed.

In an overview of the principles of modeling animal

systems Baldwin (1976), quoting Forrester (1971), described

the objectives of modeling as combining the power of the

human mind with the power of the computer. The use of com-

puterized models in animal science is based on the concept

that the complex interrelationships among environmental,

digestive, physiological, and metabolic events that make up

animal performance cannot feasibly be evaluated in a quan-

titative and dynamic fashion by either the human mind or

traditional research methods. Modeling involves formaliza-

tion of current knowledge of a system in the form of equations,

solution of the equations by means of a computer, and evalua-

tion and interpretation of the results-;

Baldwin defined five essential steps in the modeling

process:

1) Define the problem. Set the modeling objectives.

2) Prepare a block diagram representing central elements

of the system and interactions among them.

3) Convert concepts represented in the block diagram

to mathematical statements.

4) Formulate required numerical inputs based on litera-

ture data, experimental data, or statistical estimation.

5) Evaluate solutions and/or validate the model. Return



to steps 2, 3, or 4 if evaluation indicates inadequacies.

In his summary, Baldwin concluded that the modeling of

animal systems is currently in its infancy. Naive and in-

correct applications of this approach have led to doubts

about the utility of a modeling approach. If experimentalists

maintain a negative attitude about simulation models and

these models are built without the benefit of a solid data

base, the usefulness of simulation procedures will be limited.

Baldwin believes that if experimentalists cooperate with

model builders simulations could quickly rival the contri-

butions of traditional statistical techniques to the

advancement of knowledge of animal systems.

Texas A & M Stems Modeling

Long (1973) studied beef production systems using

linear programming model. He evaluated fertility, differences

in cow size, milk production, and longevity. Using the same

LP Herd Systems Model developed at Texas A & M University,

Long et al. (1975), Fitzhugh et al. (1975), and Cartwright

et al. (1975) reported on the efficiencies of different cow

sizes under different economic and management conditions, on

heterosis and complementarity and on mating plans in a series

of articles in The Journal of Animal Science which have had

a great deal of influence in modeling of herd systems in

the U. S. and Canada.

Long et al. (1975), expanding on research from his Ph.D.
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thesis cited above, simulated herds of straightbred cows with

mature weights of 430, 500, and 600 kg, respectively, under

two systems of management. Long et al. found that small cows

produced more live weight and gross income than large cows

but also had higher operating costs. In drylot, where feed

costs were relatively high, large cows.were more profitable,

while On pasture, where feed costs were less, small cows

produced more net income. Long et al. concluded that simula-

tion of production systems provides a method of simultaneous

consideration of many more factors than could be included in

one experiment. Simulation may provide a realistic technique

for finding different optima of production inputs such as cow

size for specific production conditions.

Using this same simulation model, Fitzhugh et al. (1975)

simulated a first-cross breeding system among cow herds with

the same mature weights as Long et al.- Maximum return was

achieved from matings of large sire and small dam lines which

yielded reasonably growthy efficient slaughter cattle from a

cow herd with relatively low maintenance costs. In a more

complicated simulation involving two-breed, rotational, and

three-breed crossing systems, Cartwright et al. (1975) found

that three-breed crosses using large sires on either single

cross F
1
or crisscross cows were most efficient.

A number of articles from Texas A & M University on

systems modeling have appeared in the recent literature.

Joandet and Cartwright (1975) have presented an overview of
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recent mathematical modeling of beef production systems.

Cartwright et al. (1977) used the Texas A & M Herd System

Model to simulate the productivity of dual purpose beef-

dairy herds of tropical lowland northern Colombia. The simu-

lation was used to explore the feasibility of increased

productivity through genetic and enviornmental changes.

Genetic variables were two cow weights and four lactation

potentials. Environmental variables were four levels of milk

extracted with the restriction that a minimum of 250 g/day

be left for a suckling calf, and four nutritional levels.

Results indicated an optimal level of production for cows of

432 kg body weight, a milk production potential of 15 kg,

and selling 50% of this milk, that is extracting 7-8 kg of

milk per day from the cow at peak lactation and leaving the

remainder for a nursing calf. Cartwright et al. recommended

increasing the lactation potential of these dual purpose

beef-dairy herds to the 12-15 kg/day range by selection or

introduction of improved stock.

In a second generation of simulation models at Texas

A & M University, Sanders (1977) described a model designed

to simulate beef cattle production systems under a wide

variety of environmental conditions. The goal of the model,

Sanders (1977) states was to answer the following type of

question: given a specified feed resource, how can it best

be utilized and what type of beef cattle can best utilize

it? Growth rates, milk production, fertility, and death

rates are simulated from the genetic potentials of the animals
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and from the quantity and quality of feed consumed. Feed

intake is simulated as a function of size, condition, physio-

logical status, and genetic potential of the animal."

According to Sanders (1977) "the model allows the simulation

of production of cattle of any genotype for size, maturing

pattern, and milk production under any length of breeding

season, any culling and selling policy, different supple-

mentation programs, and under any set of enviornmental

conditions, where enviornmental conditions refer primarily to

forage quality and availability." Runs were made under

different central Texas environmental conditions and breeding

seasons. There was no formal validation of the model.

Other U. S Simulation Models

Rice et al. (1974) used a simulation model to study a

California animal production system. This model used the

Smith and Williams (1973) model to simulate herbage growth

except that Rice et al. used a stochastic weather generator.

The model also contained a complex subsystem which simulated

ruminant digestion. It is questionable, however, how the

detailed and highly complex digestion subsystem fits into an

extensive grazing model where the relationships used were

of necessity much less precise.

Wedin and James (1974) used a linear programming model

to study alternatives for economic year-round pastures and

forage supply systems for beef cattle in Iowa; They found a



10

systems approach useful because it forced agronomists and

economists to cooperate as a team to build and evaluate the

model. In addition it was possible to use a wide variety of

available data from laboratory, field, and feeding trials,

and other scientists in complementary disciplines helped

estimate input coefficients when these were not available

from research studies. Different species of pasture and

forage under varying harvest systems were the focus of this

model. Conclusions were that beef cows were most suited to

land not fertile enough for row crops, number of cows and

level of pasture improvement depended on feeder calf prices,

and corn silage harvest for winter feeding was more efficient

than harvesting pastures for hay except under conditions of

excess labor supply.

Levine et al. (1978) adapted the Smith and Williams

(1973) discrete step simulation model to simulate Suffolk

and Columbia-type ewes grazing western Oregon hill pastures.

The purpose of the simulation was to estimate voluntary feed

intake of the two breeds and thereby to provide information

for an economic analysis to determine the net return above

feed and variable costs and net return per hectare and per

ewe. Results were available for 1973 and 1974. In 1973

Columbia ewes and their lambs consumed 378 kg dry matter (DM)

of pasture and 209 kg DM of supplemental feed while Suffoiks

consumed 434 kg DM of pasture and 240 kg DM of supplemental

feed. In 1974 Columbias consumed 409 kg DM of pasture and

201 kg DM of supplemental feed. The economic analysis took
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into account these differences in feed requirements,

differences in observed lamb production, different market

prices for blackface and whiteface feeder lambs, as well as

market prices for Columbia and Suffolk wool and lamb and

wool incentive payments. Net return per ewe above feed and

variable costs for labor, depreciation and interest was $8.09

for Columbias and $9.62 for Suffolks in 1973 and $-1.03 and

$.046 for the two breeds, respectively, during 1974. Net

return per hectare was $94.65 for Columbias and $96.20 for

Suffolks during 1973 and $-12.05 for Columbias and $4.60

for Suffolks during 1974.

A validation of the simulation model was conducted with

data from an independent grazing trial conducted at the same

time on nearby pastures under similar enviornmental condi-

tions. Methodology and philoophy of this simulation re-

search are discussed in more detail in materials and methods

of this thesis.

Australian and New Zealand Sheep Models

Smith and Williams (1973) developed a deterministic

simulation model to study different grazing strategies of

feeder lambs during the spring grazing season on subterranean

clover pastures in Australia. The model monitored five main

state variables on a daily basis: the weight of herbage on

offer (the total dry matter weight of the pasture on a given

day), plant density, pasture height, liveweight of sheep per
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hectare, and soil moisture in the top 30 cm of the soil. The

growth of the pasture was estimated as a function of solar

radiation, leaf area exposed, and amount of pasture removed.

by grazing sheep. Defoliation by grazing sheep was calculated

as a function of stocking rate, pasture weight, and height

of pasture. Liveweight change of sheep was determined by the

amount of pasture intake, the digestibility of the pasture

and the partitioning of metabolizable energy of ingested

pasture between maintenance and growth. The model is an

excellent one because great effort was expended to verify

each relationship and subsystem by means of physical experi-

mentation and use of available graZing data.

In a later study, Smith and Williams (1976) used their

simulation model to predict the effects of stocking rate,

length of deferment, and initial plant density on winter

grazing of Mediterranean annual pasture by sheep. This study

was particularly interesting in its use of a computer search

technique to map the response surface of stocking rate and

length of deferment to find a global maximum. The value of

the variable, gross margin, at a given point in the stocking

rate length of deferment plane was calculated and subsequently

at four points equally spaced from the initial point. If

gross margin at any of the four points was larger than at the

initial point, this point became the new initial point and

the search was repeated. The method was subject to the

restriction that the initial point had to be located on a
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response surface slope leading to the global maximum, other-

wise the maximum located might be local and not global.

Goodall (1969) has provided an interesting account of

the procedures used in establishing a simulation model of an

extensive sheep grazing operation in an arid area of Aus-

tralia. Goodall discusses the various simplifications that

must be made in a complex herbivore-grazing ecosystem before

a series of mathematical equations can be written to describe

it. The sheep flock was considered to be composed of wethers

to avoid the need for introducing equations for reproduction.

This is a common simplification in sheep and beef cattle

simulations and it is a most unfortunate one because sheep

flocks generally are not composed of wethers but of ewes.

Often, the most limiting constraint in the sheep flock is

fertility of the ewes and survival of lambs. Simulation

models can be a powerful tool in examining the causes of low

ewe fertility and lamb survival and the exploring strategies

for improving both.

Another important assumption made in Goodall's model

was that the initial conditions for the run were known,

especially the composition and quality of the forage available

on day one of the simulation. In practice, this will be known

only by sampling and can only be an approximation. Radiation

and nutrition were ignored as factors affecting plant growth

because the modelers felt they were unimportant in the system

compared to the effects of temperature and rainfall.

In this arid region of Australia rainfall was considered
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to be the most important parameter affecting levels of

productivity, and much importance was given to it in the

model. Rainfall was the only stochastic parameter in the

model. It was selected as a stochastic parameter to highlight

its influence on the productivity of the system. Under con-

ditions being simulated in Australia variance in rainfall can

cause more than a tenfold variation in forage production.

Goodall concluded that even in its present simplified

state, the model was a useful tool in understanding the inter-

relationships involved in the system and in examining the

effects of such management factors as stocking rate altera-

tions, new fencing, introduction of new sources of water, and

loss of part of the available forage.

Vickery and Hedges (1972) simulated adult Merino sheep

grazing improved pastures in Australia. The purpose of

their model was to explore the interactive nature of an

animal-pasture system and to predict sheep performance from

pasture growth. Pasture growth was modeled as a function of

rainfall, open pan evaporation, and soil temperature. Poten-

tial intake of the sheep was assumed to be a function of live-

weight and was assumed to increase asymptotically as a sheep

approached its potential mature weight. Intake was also

assumed to decline if pasture becomes scarce or if digesti-

bility decreased. Actual intake is used to predict sheep

weight changes and wool growth. Most of this technical bulle-

tin is devoted to a detailed description of the model.

Mill and Longwirth (1975) developed a stochastic
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computerized activity budgeting (SCAB) model for decision

making in sheep enterprises in Australia. The model is

designed to be used under field conditions via remote ter-

minal access through telephone lines. Conditions for use

are set on each sheep ranch. Four types of variables are

used in this model:

1) Deterministic May not be altered at run time.

These variables are the basic biological factors of the

sheep flock: maintenance and production requirements as a

function of bodyweight, etc.

2) Deterministic -- May be changed at run time. These

are the basic costs of managing the flock: dipping, vaccina-

tions, shearing.

3) Deterministic -- Values are supplied by each farmer

at run time as point estimates. Examples of these are

percent of ewes bred, number of shearings each year, and

cost of casual labor and transport.

4) Stochastic -- Values must be supplied by the user.

A triangular probability distribution is used: highest,

most likely, and lowest values are supplied at the time of

the computer run. Examples of these are survival rates,

fleece weights, lambing percentage, and lamb and wool

prices. These are the key parameters of level of productivity

and market price. They are read into the computer as sto-

chastic variables to reflect the measure of risk associated

with them. That is, these are the variables that will deter-

mine the profitability of the sheep enterprise and they are
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subject to intrinsic variation.

Given these variables, runs may be made either in the

deterministic or stochastic modes. In the deterministic

mode SCAB calculates a single gross margin based on the point

estimates supplied as the most likely values of all parameters.

The most exciting aspect of this model is the availability

of a stochastic mode in which the farmer's own subjective

estimates of the highest, most likely, and lowest values of

key parameters in his enterprise (level of productivity and

market prices) are used to generate gross margin returns and

their associated risks. This model exhibits a very imagina-

tive and original use of available technology. By using

remote terminals to obtain the producers' own estimates of

farm conditions and market prices as part of its input and

providing output for immediate on site evaluation and possible

modification Mill and Longwirth have successfully performed

a most difficult task: bridging the gap from research center

to the farm. The use of a triangular probability distribu-

tion of optimistic, most likely, and pessimistic is one that

fits naturally into a decision making process.

Arnold et al. (1977) used a simulation model to study

food intake, liveweight change, and wool production of

sheep grazing grass and clover pastures in western Australia.

Inputs to this model included green and dry vegetative masses,

proportions of grass and clover in the pasture, and the

digestibility and nitrogen content of each forage component.
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Animal variables included the numbers in each age and sex

class, animal type, mean weight per animal in each class, and

the mean weight of fleece per animal. Driving variables

were rainfall, temperature, and radiant energy. The model

reported by Arnold et al. was part of a larger modeling

effort of the entire ecosystem. One of the main problems this

model focused on was determining the relative amount of green

matter ingested, given a proportion of green matter available

in the pasture, and the relative proportion of clover and

grass. Sheep have the ability to graze in a highly selective

fashion, and this selective grazing changes as the quality and

quantity of the pasture and as the stocking rate vary.

Determining intake under these conditions is the most diffi-

cult part of the simulation. A great amount of effort was

expended validating that part of the model using extensive

data available from other research. Validation efforts showed

that the model was overestimating clover intake and that under

conditions where there is a small amount of green material

relative to total forage (such as occurs during summer re-

growth) the model grossly overestimated green matter intake.

Arnold et al. have shown the value of careful validation of

a model under conditions of mixed sward grazing and have

pointed out the need for more research on selective grazing

by sheep.

Swartzman and Van Dyne (1972) used a simulation model

with a linear programming stage to formulate a decision
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making model for the use of arid range land in Australia.

The simulation section dealt with plant and animal dynamics,

population and energy flows. The linear programming section

dealt with selling and purchasing activities, herd size

control and maximizing return from sheep and cattle grazing,

subject to the restriction that the range land ecology was

maintained.

Australian and New Zealand Beef Production Models

Trebeck (1972) constructed a simulation model of an

extensive beef production enterprise in a subtropical region

of New South Wales to study stocking rate strategies. The

model performed the following computations: Rainfall amounts

were generated and added to existing soil moisture amounts.

Pasture growth was estimated as a function of water avail-

ability and cattle consumed pasture according to their energy

requirements. At the end of a twelve month period, an

economic analysis of beef production for a given stocking

rate was performed. Trebeck emphasized that simulation experi-

ments are not an adequate substitute for experimentation on a

real system because a simulation model of necessity depends

on a large body of data collected from physical experimenta-

tion. Once a body of data has been collected a simulation

model can be a useful tool in examining the interrelationships

of key parameters in a system, finding optimum strategies for

the utilization of resources, and highlighting areas of
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ignorance where further physical experimentation is necessary.

In this study, the author concluded that more research was

needed into factors determining calving rates, particularly

with respect to liveweights of the cow herd.

Jeffrey (1976) simulated a beef production system in

the moist subtropics of Australia to examine the consequences

of altering time of calving, stocking rate, and rate of nitro

gen fertilization over a three-year period. The model con-

sisted of three main parts: a climate generator, a pasture

generator, and an animal subroutine. Of particular interest

were the climate and pasture subsystems. Rainfall amounts

were generated by a first-order Markov process where the

probability of rain falling was dependent on whether or not

it rained the day before. In the pasture subsystem provision

was made for the application of different levels of phos-

phorous or nitrogen fertilizers. Validation was performed

by means of a comprehensive experiment conducted in the

region under study. Twenty-seven different treatments

arranged in a 3 3 factorial design (time of calving x level

of nitrogen fertilizer x stocking rate) were simulated with

150 beef cows on each treatment. Major conclusions from this

study were that application of nitrogen fertilizer was not

economical in the area under study and that time of calving

had little influence on production levels. Stocking rates

had a large influence on the economic and energy costs

per hectare.
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Frisch (1976) developed a simulation model to examine

reasons for breed differences in growth of cattle in tropical

areas of northern Australia. The model is an interesting

one because it considers different breed combinations of

Bos taurus and Bos indicus, different environmental factors

--cattle ticks, gastro-intestinal helminths, high ambient

temperatures, solar radiation, pinkeye, and fluctuations

in quality and quantity of forage--and interactions among

breed combinations and environmental factors. The model also

has the capability of exploring cost-benefit strategies for

using high percentages of "improved" breeds and environmental

interventions to enable them to produce at high levels in

the tropics. This kind of model seeks to identify the major

constraints which limit growth in a particular environment

and breeds which can cope with these constraints. Frisch

believes it would then be possible to predict the expected

ranking for growth rates of different breed combinations in

a particular environment. Breeds with complementary

strengths could then be combined to produce the "best" breed

for a given environment. Another use of the model would be

to assign a quantitative value to a particular constraint as

it affects different breed types. This could then be used

to identify areas where the greatest improvements could be

made for a given breed by altering the environment.

This model offers intriguing possibilities for tropical

animal breeding-management programs. The usefulness of this

model rests on the accuracy of estimates of breed and breed
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combination performance under a given set of environmental

conditions. Data to establish the Frisch model were obtained

from CSIRO tropical research centers. Preston and Willis

(1974) argue that breed differences for resistance to many

environmental stresses are greatly exaggerated. They main-

tain that adaptability is often acquired and that adapted

and unadapted lines of the same breed can be found under

the same environmental conditions with completely different

levels of performance. This is especially true for heat

tolerance and even more so for anaplasmosis, Preston and

Willis maintain, where acquired resistance to this tick-

borne disease after exposure is of paramount importance.

Caution must be used in assigning breeds phenotypic rankings

in a given environment and in predicting genotype-environ-

ment interactions. Within these bounds of caution the model

offers an intriguing method of testing combinations of

breeding and management strategies.

Wright et al. (1976) constructed a simulation model

of an intensive beef-pasture fattening system in New Zealand

to provide scientists unfamiliar with the modeling approach

an opportunity to evaluate simulation techniques in agricul-

tural research. The model simulated daily pasture and animal

performance as a function of weather and management decisions.

The growth pattern of ryegrass/white clover pasture was

modeled as a function of time of year, temperature, available

soil moisture, and previous accumulation of dry matter. The

animal submodel estimated pasture intake and predicted animal
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performance as a function of intake. The model was set up

to run either with predetermined conditions for the entire

run to simulate a formal experiment or in an interactive

mode with provisions for decision making as the season

progressed.

Validation of the soil-moisture and pasture production

simulation was performed against available data from grazing

experiments and agreement between the simulation and experi-

mental data was good. Wright et al. found that the model

oversimplified the grazing system because it did not allow

for effects of insects and diseases on pastures or of para-

sites on animal production, all of which was known to

affect the real system.

Conclusions reached by this group of New Zealand

scientists were similar to those cited in many of the articles

reviewed in this section. A major achievement was felt to

be promotion of interdisciplinary communication and coopera

tion and also, development of a comprehensive knowledge of a

beef production system. By simulating a system under a wide

variety of conditions, a scientist can develop a feel for

the system as a whole, something that a specialist often

fails to do. The model served as a framework for assembling

knowledge and a means of evaluating that knowledge by means

of a dynamic system. The model was used successfully as a

means of identifying superior systems of beef production, as

a guide for future research, and for generating specific

hypotheses about these systems. Another common conclusion
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reached was the need for more data to establish and validate

models.

Siebert and Hunter (1977) conducted a series of experi-

ments in Northern Australia to develop a computer routine

to predict liveweight gain for tropical breeds of beef

cattle. Their goal was to predict liveweight gain directly

from the nitrogen content of the diet selected and to use

this prediction equation as part of a simulation model of a

tropical beef system. In the first phase of the experiment

cattle were fed indoors in confinement and outdoors in lane-

ways where they were induced to walk 5 km per day to simulate

energy expended in a grazing situation. Organic matter

intake was measured and found not to differ significantly

in both situations. Regression equations were then fitted

relating intake of organic matter to the chemical composition

of the diet. Liveweight gain was predicted as a function of

digestible organic matter intake. In the second phase of

the experiment groups of fistulated and non-fistulated steers

were placed in pasture treatments and the diet selected by

the fistulated steers was chemically analysed. These data

were then used to predict the liveweight gain of the non-fis-

tulated steers. There was close agreement between predicted

and observed liveweight gains of steers. Siebert and Hunter

stress the inadequacy of Agricultural Research Council (ARC)

equations for predicting intake under a grazing situation.

They also indicate the need for more experimentation and data

to extend this kind of prediction technique to a cow-calf
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situation. One problem with the use of these prediction

equations is that the concentration of metabolizable energy

must be known or estimated for a given feed. This informa-

tion is often not readily available, particularly for tropical

native grasses.

Canadian Simulation Models

In research similar to that of Long et al. (1975),

Wilton et al. (1974) used a linear programming model to

examine crop and cattle raising activities in an on-farm

beef production enterprise in Ontario, Canada. Pure bred

mature cow sizes of 400, 450, and 500 kg were used as well as

barley, corn grain, corn silage, hay, and pasture activities.

Results showed an advantage for large cows but the authors

stressed that the results must be interpreted within the

framework of the constraints set for the run. Wilton et al.

(1974) conclude that there is urgent need for more information

on the profitability of cows of different sizes under varying

economic and management conditions. In later research with

this same model Morris and Wilton (1976) and Wilton and

Morris (1976) examined the effects of creep feeding, mature

cow weight, milk yield, reproductive performance, and type of

mating system on farm gross margins in an integrated beef

production system.
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Israeli Simulation Models

Noy-Meir (1976) constructed a mathematical model to

study the effects of rotational and continuous grazing on a

continuously growing pasture. The model is an unusual one

because it estimates both plant growth and herbivore con-

sumption as functions of green plant biomass and it focuses

its attention on examining conditions for long-term steady-

state productivity under different grazing conditions.

Examining conditions of equilibrium and disequilibrium is a

technique often used by quantitative biologists and ecolo-

gists in modeling predator-prey or parasite-host systems

and it is unusual to find this approach in a model of an

agricultural system. The model is a flawless application

of mathematical logic to the problem of whether a pasture

should be grazed continuously at a uniform stocking rate, or

whether it should be divided into subplots and grazed rota-

tionally by the whole herd. Noy-Meir, however, apparently

did not conduct any kind of physical experiments or trial

to test or validate his strategies, and his conclusions must

remain untested hypotheses.

Economically Oriented Models

An economically oriented simulation model to study beef

production systems was developed by Condliffe (1972) for the

World Bank. In this model the user supplies the biological

parameters of a given herd before development, then it is

assumed that the herd will reach an equilibrium state in
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twelve years or less, and then will remain stable for the

remainder of the period under study. Parameters supplied by

the user include effective calving rate, adult mortality rate,

percentage of heifers sold for slaughter, carrying capacity

of the ranch, culling rates, various options for management

of calves, and selling and replacement strategies. Once

these parameters are specified, the model performs an exten-

sive analysis of cash flows, loan payment strategies, oper-

ating costs, and financial rate of return.

This kind of model is used extensively by international

institutions such as the World Bank, the Interamerican Devel-

opment Bank (Powers, 1975), foundations, and governments as

a tool in planning development strategies and economic

policy. A key assumption of this kind of model is, obviously,

that the biological parameters of a given herd are known and

that the herd output follows ineluctably from these given

parameters. This is definitely not the case--particularly

when a new technology is being introduced. Failure to be

sensitive to the large elements of risk due to constantly

changing environmental conditions and to large areas of

ignorance of the interrelationships of biological parameters

in both traditional and new technologies can only lead to

serious error in policy planning. Valid economic analysis

of a beef cattle enterprise must rest on a valid analysis of

the biology of the system. This kind of model is very weak

in analysing the biological relationships of a beef cattle

herd.
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Reeves et al. (1974) constructed an economically oriented

model for simulating extensive beef cattle production systems

in drought prone regions of Australia. The model was designed:

to investigate the effects of herd size, the types of animals

produced, beef prices, availability of credit, borrowing

rates, and levels of fixed and variable costs on the economic

viability of a given beef enterprise. The main causes of

disequilibrium in the system are periodic droughts which

drastically reduce the carrying capacity of a ranch and force

liquidation of part of the breeding herd. Following a period

of drought there is a buildup of cattle numbers once again.

Given this forced fluctuation in herd size due to climate,

the model focuses on developing economic strategies to

maximize profits.

Simulation Models in Latin America

Miller and Halter (1973) constructed a systems simula-

tion model of the Venezuelan cattle industry as a tool for

centralized policy making. The emphasis of this model was

the simulation of various policy makers' decisions, especially

the decision to shift to modern intensive cattle production

and away from traditional low levels of production by means

of government credit, planning, price, and import decisions.

The biological modeling consisted of calculations of the

total digestible nutrients (TDN) available under modern and

traditional systems and cattle populations as a function of

this total TDN, allowing for death losses, replacements, and
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selling strategies. A major result of this modeling effort

was a government decision to increase beef prices to stimulate

more domestic production.

Juri et al. (1977) designed a herd simulation model

(HATSIM) with an economic orientation to study livestock

enterprises. The model was designed at CIAT specifically

with the intention of studying the introduction of new tech-

nologies in the Llanos of Colombia. The model runs on infor-

mation supplied by the user concerning biological and economic

parameters. These parameters include: the type of management

the stocking rate of the finca (ranch), costs and investments,

probability distributions for fertility and mortality of

livestock, and a probability distribution to simulate risk in

new types of pasture establishment. The model itself consists

of four main sections: one section, given initial herd

composition and values for mortality and fertility, projects

herd numbers and classes of animals over a 25 year period.

Another subsystem deals with prices and investments. Given

starting capital and cattle prices this subroutine projects

long term price trends of cattle and other investments based

on data that are available on the Colombian livestock indus-

try. Another subroutine deals with the establishment of

improved pastures which is a major subject of interest in

this research. A stochastic distribution designed to simu-

late risk of pasture failure and different levels of pasture

persistence is used to determine different levels of pasture
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production, hence different levels of animal production and

returns on capital. A final subroutine is concerned with

calculating the internal rate of return given a set of bio-

logical parameters for herd development, long term price

trends and level of production of a new pasture. This sub-

routine determines the profitability of a given technology

under a given set of production conditions and is useful

in performing an economic analysis of a given system.

This kind of simulation can be a powerful tool in per-

forming economic analyses of animal production systems,

especially determining the most profitable use of strategic

and limited resources such as capital or small areas of

improved pastures. It provides output in a dynamic and

stochastic manner, thus reflecting the dynamic and uncertain

conditions that exist in the real system. The problem with

this kind of simulation is the lack of_real biological data

which must be supplied by the user. In evaluating a new type

of pasture, for example, it really is not known how long it

will persist, how much risk is involved in establishment,

nor how animal production will change if it is used. Even

costs of pasture establishment are not always known. There-

fore the user has to assume values for these key parameters,

and these assumed values will determine the profitability of

a given technology. Given the lack of real biological data

on improved systems--and often enough on traditional systems

as well--great care must be used in interpreting the output

of this model. If the user remembers that the model is not
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providing definitive answers but quantifying a given hypo-

thesis about a production system the model is being used

properly. A major purpose of the research in this thesis is

to provide biological data to run the HATSIM model by means

of a more limited but validated biological simulation model.

Valdes and Franklin (1978) used a simulation model de-

veloped at CIAT to study elements of biological and economic

risk in a small-sized Llanos ranch. Elements of risk iden-

tified included mortality rates of cows and calves, fertility

levels of the cow herd, improved pasture establishment,

maintenance, productivity, and duration, cattle price fluctu-

ations, uncertain and expensive means of transportation, and

theft. The model focuSed on three main areas:

1) Assigning levels of cow-calf productivity and an

associated probability distribution for a given technology

(especially systems with and without improved pastures).

2) Establishing a probability distribution for establish-

ment of improved grass/legume pastures based on assumptions

of high risks due to uncontrolled burning of the native

savanna, disease, or weeds, and eventual decline of that

pasture. A comparison of levels of production of this im-

proved pasture and native savanna is also constructed based

upon the risks associated with the new pasture and estimated

levels of production.

3) Construction of a price distribution curve of cattle

based upon available data for 15 years.

The model simulates production under a given technology
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with a given estimate of the cow herd performance and calcu-

lates expected internal rates of return. Risk is a function

of the variances of a given combination of inputs. For

example, using improved pasture entails a higher initial

risk because of the higher capital investment and possibility

of pasture failure but also has the possibility of a higher

payoff once the pasture is established. The main difficulty

with the model is lack of biological data. There is little

data available even on performance of the cow herd under

traditional systems of production and no data on performance

of the cow-calf herd on grass-legume pastures in the Llanos.-

The model is run with the best subjective estimates available

from workers and researchers in the field.

Bravo (1975) considers systems analysis to be of unique

value in studying agricultural systems in Latin America. A

systems approach provides a tool to evaluate and assimilate

the information flow produced by research and is able to

establish an objective guideline for conducting future re-

search. A systems model enables the modeler to become more

familiar with the system under study and aids in promoting an

interdisciplinary approach which is essential when a group

of technicians from different disciplines faces a common

problem. A modeling approach also allows evaluation of im-

ported technologies and management techniques to test their

suitability for tropical America.

Torres et al. (1977) constructed a deterministic model
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to study management strategies for the improvement of beef

cattle production in the Campo Cerrado of Brazil. Traditional

management was described as a cow-calf operation with the

retention of heifers for replacements in the cow herd.

Weaning of calves occurs at 8-10 months of age and all calves

except replacement heifers are sold at the beginning of the

dry season, which lasts from May to October. This time of

the year imposes great stress on the cow herd. Weight losses

average on the order of 70 kg per adult animal during the

dry season, with overall production on the order of 12.5-15

kg/ha per year with a continuous stocking rate around .2-

.25 animal units/ha. Fertility averages between 45-55%, cow

mortality 3%, calf mortality 10%, and cows are culled at

10-12 years of age after producing an average of 4 calves

during their lifetime. The main limiting factors of this

system are defined as the low carrying capacity of the land

during the dry season and the low reproductive efficiency

of the cow herd. There is an excess of forage during the

rainy season because of the low stocking rates that must be

maintained to get through the dry season, and with the low

level of cow fertility, most of the forage produced is used

for maintenance of the cow herd. The aim of the model was to

study the strategic use of improved pastures during the dry

season to increase year round forage availability to the cow

herd and other interventions such as mineral supplementation

to increase cow fertility.

Objectives of the model included analysing the
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biological-economic behavior of the system before the intro-

duction of improved management to highlight critical factors

which limit production and running the model at different

levels of inputs to indicate appropriate levels of variables

(especially percentage of improved pastures) for later

experimentation with the real system.

The model focuses on calculating the marginal return

(the difference between increased income from the use of

new technology and increased cost for its implementation) on

investment in new technology. The simulation calculates an

equilibrium level for a herd for a given technology, the

production of the system at this level of equilibrium, and

the economic return. Management decisions can then be made

for the most profitable utilization of resources. A

critical problem in running this model is the lack of de-

tailed data both of traditional and improved systems which

prevents any strict validation of the model. It is difficult

to have a great deal of confidence in a model that is not

built upon a solid base of data and that is not validated.

Torres et al. had to be content with subjective validation

by workers in the field.

Despite this lack of validation, experiments were con-

ducted with the model by simulating beef enterprises in the

Campo Cerrado of Brazil with different percentages of

improved pastures, ranging from 0 to 30% in five percent

increments. Improved pastures included Hyparrhenia rufa,
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Melinis minutiflora (molasses grass), and Brachiaria decum-

bens. Experiments with this model indicated three areas of

priority for further research in Brazil:

1) The effect of management practices in conjunction

with relative amounts of native and improved pasture on total

carrying capacity of the system and on fertility levels of

the cow herd.

2) The effect of mineral supplementation.

3) The discovery and testing of techniques to reduce

cost and risk of new pasture establishment.

It is hoped that future research will yield the necessary

data base to make a valuable simulation possible.

White et al. (1978) constructed a model of the

Guyanese livestock industry with primary emphasis on economic

analysis. The model of the cattle subsector is formulated

as a linear programming problem. The general structure is

to maximize a function which represents the area under the

demand curve minus the areas under the industry marginal

cost curve. Production activities are defined for the number

of periods for which the model is involved, Resource require-

ments and output coefficients reflect changes in herd size

and composition over time resulting from each particular

management system. This is accomplished by means of a separ-

ate simulation which calculates herd structure given a set of

performance characteristics (fertility, mortality, weaning

weights) which is assumed to characterize a given technology
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as well as input requirements and output for each year under

study. These values are used to specify an activity for the

linear programming model. This model is unusual in that it

contains explicit activities for theft of livestock. Theft

is treated as an "alternate market" and was included in the

model due to the belief that it was a significant enough

activity to warrant attention.

Posada (1974) constructed a simulation model of the

beef cattle industry of the North Coast of Colombia to study

the effects of policies of development. Major alternatives

considered in the model included the improvement of native

and introduced grasses, the substitution of improved grasses

for native pastures, and the production of supplementary

forages and silages. Policies investigated included disease

control activities in traditional herds, alternative cattle

industry taxing policies-, alternative levels of government

production campaign promotion, and alternative cattle pricing

and exports policies. Posada considered the use of simula-

tion techniques to be a powerful device available to decision

makers in the field of agricultural development because of

its ability to incorporate the dynamic and stochastic nature

of agricultural processes in a systematic and comprehensive

manner. Biological data was a very limiting factor in the

construction of this model. This highlights, once again, the

need for more basic biological data before good modeling

and intelligent planning can be undertaken.
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Beef Cattle Research in the Llanos of Colombia

Stonaker (1975) has identified undernutrition as the

most important constraint limiting beef production in the

Eastern Plains (Llanos) of Colombia. Weight gains of growing

animals have been reported as low as 1 to 1.5 kg per year at

Carimagua. Most commonly, gains of between 10 and 25 kg per

hectare per year are reported for native savanna pastures.

Weight changes of animals fluctuate greatly depending on

the season of the year. During the four months' dry season

in the Llanos animals can lose up to 20% of their maximum

attained weight. Following the first rains there is a rapid

increase in the nutritive value of the savanna and a period

of weight recovery and compensatury gain takes place.

Stonaker has pointed out that it is not possible to

generalize that the dry season is necessarily the most

difficult season in the tropical savannas of Latin America.

In the wet Llanos (those parts of the Llanos in northern

Colombia, Venezuela, and Bolivia which are inundated during

the wet season) relatively high quality feed is available

when the water recedes during the dry season.

Stonaker defines the basic problem of cow-calf produc-

tion in the Llanos as undernutrition which limits cow fer-

tility. Calving rates of 50-55% are commonly reported and

cows do not calve for the first time until they are four

years old. The effect of lactation--an additional nutritional

stress - -on pregnancy graphically illustrates the problem of

providing a proper nutrient supply to the cow herd. In a
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study of 40 farms in the Llanos of Colombia approximately

10% of the nursing cows were pregnant while 50% of the dry

cows were pregnant.

The Herd Systems Experiment at Carimagua was under-

taken to devise strategies to supply a year-round supply

of nutrients to the cow-calf herd to ensure increased fer

tility and longevity, decreased calf mortality and morbidity.

Treatments included improved pasture, mineral and salt sup-

plementations, early weaning, and crossbreeding the grade

Zebu cow herd with Criollo bulls.

In a survey of 40 farms in the Llanos, Stonaker et al.

(1976) found the stocking rate in the Piedmont zone (the area

immediately east of the Eastern Cordillera of the Andes,

where soil is more fertile than in the Plains zone) to be

one cow per 1 to 3 hectares compared with one cow per 3 -to

8 hectares in the Plains. Seeded pastures in both zones have

a carrying capacity of one cow per 1 to 2 hectares. Cattle

in the Llanos rarely receive a complete mineral supplement

and only 2 farms out of 40 vaccinated against brucellosis.

Vaccination against foot and mouth disease was infrequent.

Controlled weaning was not possible due to lack of fences.

Calving rate of cattle was 55 and 52 percent for the Piedmont

and Plains zones, respectively, with only 13 and 19 percent,

respectively, of nursing cows pregnant. Bulls were with cows

year round but conception appeared to be more frequent during

the late dry/early rainy season in the Piedmont. Cattle on

the better soils of the Piedmont appeared to be in better
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condition and were heavier than the Plains cattle, Based

upon single day visits and herd palpations, Criollo cows

were more fertile than Zebu cows, and crossbred cattle were

lower in fertility than straightbreds. It was unclear why

this was so. Stonaker et al. concluded from the limited

evidence available from this survey that productivity of

cattle could be improved if calves were confined on improved

pastures after weaning, if all cattle were fed a complete

mineral supplement, if the savannas were burnt regularly to

provide fresh pastures, and if Criollo animals

for crossbreeding in Zebu herds.

Paladines (1975) discussed traditional and improved

kinds of management for tropical savannas. Three practices

were identified as central to proper traditional management

of savannas:

1) An adequate stocking rate, taking into account

seasonal variations.

2) Periodic resting of the savanna after heavy grazing:

to allow desirable species to recover.

3) Weed control of brushy species and tree saplings.

In the environmental conditions of the Colombian

Llanos a maximum production of 38 kg/animal of liveweight

gain was obtained at Carimagua research station with a

stocking rate of .35 steers per hectare. At Carimagua

there was no increase in weight gains with rotational

grazing versus continuous grazing. The main advantage of

were used
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resting the savanna in the Llanos was to accumulate suffi

cient grassy fuel for a proper burn.

Periodic burning of the savanna is the most common

management tool. Weeds and brush are controlled and the

regrowth offers a highly nutritious diet. At Carimagua the

Trachypogon type of savanna decreases in crude protein from

10 percent at 10 cm height to 2 or 3 percent at 50 cm height

or higher. Cellulose digestibility of the same type of

savanna in Venezuela dropped from 51.5 to 30.4 to 25.3% at

15, 60 and 105 days of growth.

The four months' dry season of the Colombian Llanos

is defined as the critical time of the year for management.

Three factors are identified as warranting primary considera-

tion:

1) The severity of weight losses during the dry season

and the extent of subsequent compensatory growth during the

early rainy season.

2) Supplementation during the dry season.

3) Management of the savanna to minimize weight losses.

Paladines concluded that generalizations are difficult

to make under these conditions With steers one must balance

the cost of supplement against reduced compensatory gain if

supplements are used. With a breeding herd weight losses

may be tolerated if reproductive efficiency is not impaired,

but it is not known with any degree of accuracy what extent

of stress during the dry season is permissible before
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supplementation is advisable. It is estimated that with

optimal application of these management practices, production

could be increased by some 50% over present levels. But with

a radical change in the vegetation of the savanna a quantum

leap of 400 to 600% would be possible. This would be so

with the introduction of legumes and legume/grass pastures

that are suited to the acid soils of the Llanos. The latter

alternative is the strategy of CIAT for the acid infertile

soils of tropical America.

Plasse (1975) argued that syStematically crossbreeding

Criollo Bos taurus and Zebu Bos indicus cattle could increase

the reproductive efficiency of a lowland tropical cow herd

by 10-20%, preweaning calf growth by 8-20%, and postweaning

growth 10-20%, resulting in an overall increase of 20-30% due

to heterosis. Plasse makes the mistake of confounding im-

proved management practices (culling of infertile animals,

health measures, better diet) associated with a systematic

breeding program with genetic progress and heterosis, but

there are many reports in the literature on positive hetero-

sis among Bos taurus and Bos indicus crossbred cattle (Cunha

et al., 1972; Plasse et al., 1973; Munoz and Martin, 1969;

Peroz et al., 1971; Salazar, 1971; Stonaker, 1971). Using

locally available Criollo and Zebu cattle for this cross-

breeding has the advantage of utilizing two types of cattle

that are already adapted to the lowland tropics. This avoids

the problem of the poor performance of most purebred English
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and Continental breeds under lowland tropical conditions.

Artificial insemination is often not possible due to the

extensive nature of the tropical beef cattle enterprise- -

even at the research station level--and the impossibility

of keeping semen frozen properly. The use of local breeds

in crossbreeding also provides an animal of the type that

is readily acceptable in terms of size for herd management

and carcass characteristics for the local market. This

interest in crossbreeding Criollo and Zebu cattle led to

the inclusion of two breeds of sire in the Herd Systems

Experiment.

Raun (1976) has described the level of traditional

beef cattle productivity in tropical America and has indi-

cated remedies based on the design and early results of the

Herd Systems Experiment conducted at Carimagua Research

Station. According to Raun (1976) most cows calve once

every two years under tropical American conditions, calves

require up to five years to reach slaughter weight (350-

450 kg), and the extraction rate is approximately 13%, with

total beef production of carcass beef only 25 kg per head

per year. Raun (1976) considered inadequate nutrient intake

from grazed forages, particularly during the dry season, as

the major constraint to increased production. Health and the

low genetic potential of the unimproved tropical cow herd

were also cited as factors limiting production.

A number of management and production practices were

recommended as methods of increasing production. These
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recommendations included using health and fertility tested

bulls in a system of rotation and rest, selection of superior

animals and culling of nonbreeders, crossbreeding, early

weaning, pasture management, urea supplementation, use of

improved pastures, and mineral supplementation of the cow

herd. This package of improved practices--with the exception

of culling of infertile animals--represents the main treat-

ments of the Herd Systems Experiment which was started during

Dr. Raun's tenure as head of CIAT's Beef Production Program.

Preliminary results from the Herd Systems Experiment are

presented in this paper as well as other data which support

the idea of using grass-legume pastures as part of the feed

. supply available to the cow herd.

Lebdosoekojo (1977) studied the effects of mineral supple-

mentation of the cow-calf herds of Carimagua during parts of

1975-76. Monthly samples of estimates_of what the cows were

eating in each pasture were collected by means of hand pluck

technique (Cook, 1964). Two observers followed the cattle

twice daily in the morning and late afternoon and hand plucked

materials which were comparable to those plants and those

parts of the plants which were selected by grazing cattle.

Samples were sun dried in the field and later dried in the

laboratory. Laboratory analyses of in vitro organic matter

digestibility and mineral content (including nitrogen) were

performed. This information on the qualitative intake of the

grazing cows is an important source of information used in

the present study.
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Two results obtained in this study are very important.

Due to the selective grazing ability of the cattle under

extensive pasture conditions they were able to select a diet

that was surprisingly high in protein, even during the dry

season.

The second finding of major importance in the Lebdo-

soekojo study was that cows receiving the complete mineral

supplement produced more calves, were heavier at all times of

the year within common physiological states, and selected

diets that were significantly lower in protein and digestible

organic matter than cows which recieved only salt supplementa-

tion. This means that cows receiving mineral supplementation

--especially phosphorus--were able to utilize more of the

coarser parts of the native savanna and molasses grass than

cows without mineral supplementation. This is an extremely

interesting finding and has important implications for the

proper management of the savanna and improved pastures.

In a broad overview of beef cattle production systems

in tropical America Paladines (1978) concluded that extensive

systems of production (low stocking rates and extraction

rates) predominate independent of local variations in climate

(rainfall amounts) and soil quality. The majority of the

soils of tropical America are deficient in phosphorus and

calcium (Sanchez and Isbell, 1978), and this mineral deficiency

places a de facto ceiling of fertility on the cow herd. Re-

sults from many areas in tropical America show that dramatic

increases in fertility occur when the cow herd receives an
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adequate mineral supplement. In the Llanos, for example,

an increase in fertility from 59 to 76 percent has been

reported at Carimagua for cows receiving a complete mineral

supplement versus cows on salt only (CIAT, 1978). Paladines

(1978) cites similar results from Panama (IDIAP, 1977),

Brazil (Tokarnia et al., 1970), and Peru (Santhirasegaram,

1976). It is probably fair to say that the use of a complete

mineral supplement under tropical American conditions repre-

sents the most important advance that has been made in animal

production in that area of the world during the past genera-

ion. It will be a major purpose of this thesis to show that

the major benefit from mineral supplementation does not come

from a simple alleviation of phosphorus or calcium stress,

but from the synergistic effect of adequate minerals enabling

cows to increase their voluntary intake (Church et al., 1974;

Maynard and Loosli, 1969), and therefore utilize more of the

abundant but low quality forage that is available ad libitum

to the tropical range cow. This increased voluntary intake

of energy and protein, in turn, enables the cow to produce

more calves during its lifetime.

Paladines (1978) also offered an interesting explanation

for the present low level of beef production in tropical

America. This explanation emphasized the fact that tropical

America is one of the last areas of the world where a frontier

zone exists. In nearly every South American country, vast

areas of land remain unexploited and available for settlement.

Therefore, Paladines (1978) maintained, expansion in beef
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production in Latin America during the past generation has

been horizontal (Moore, 1976), by expanding into previously

unused land rather than by intensification of existing pro-

duction. Economics, rather than lack of technology, is cited

as the main reason for this type of expansion. To date, in-

creasing the size of landholdings rather than intensifying

production has been the most attractive option in tropical

America. This system is characterized by large holdings by

absentee owners who may own ranches in several different

areas of a country. The high cost and scarcity of capital,

the length of time until "payoff" inevitable in a cow-calf

operation, and risk make improvements as simple as mineral

supplementation a complicated and slow process to initiate.

Finding an acceptable strategy of adoption for a new system

of production often presents a problem more difficult to

solve than breaking through the biological barriers that

limit production in a traditional system.

PaladinesandLeal (1978) have reviewed seven years of

research involving steer grazing trials in Carimagua Research

Station. These experiments had as their goals:

1) To characterize and quantify the productive capacity

of the native savannas of the Llanos.

2) To study the effect on animal production of different

systems of burning of the native savanna, and of nitrogen

supplementation during the dry season.

3) To measure the increase in animal production, resulting

from the introduction of improved grasses such as molasses
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grass or Brachiaria decumbens.

4) To determine the most efficient management system

for using these improved grasses.

5) To estimate the effects obtained in increased produc-

tion with the introducation of legume based pastures.

Some of the experiments conducted at Carimagua to

achieve objectives one through four correspond to treatments

used in the Herd Systems Experiment (USE). Since these experi-

ments also coincided in time and were conducted in pastures

adjacent and very similar to those of the HSE, data obtained

from these steer grazing experiments will be used as part of

the validation of the simulation model to be constructed in

this thesis.

In general, Paladines and Leal (1978) found that animal

production systems based entirely on native savanna were

greatly limited in their efficiency due to the low nutritive

value of the native grasses which predominate in the Lianos.

This situation was especially critical during the four month

dry season when unsupplemented animals lost up to 500 grams

per day. With the introduction of improved grasses such as

molasses grass or Brachiaria decumbens, it was possible to

increase the carrying capacity of the land, but increased

weight gains per animal were much harder to achieve. In

other words, a hectare of molasses grass will produce more

total carcass weight per year than native savanna, but this

was due to the increased stocking rate possible especially
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during the rainy season. Individual animals, however, tended

to gain about as much on molasses grass as on savanna. This

is due to factors which limit the intake of molasses grass,

especially during the dry season when the grass declines

precipitously in nutritive value and digestibility, and also

to the extreme pattern of weight loss and compensatory gain

observed under Llanos conditions. Steers on native savanna

losing weight in the dry season tend to make it up with com-

pensatory gains as high as 75 percent (Paladines amd Leal,

1978) during the early part of the rainy season. That is,

compensatory gaining cattle increased their weight by 1.75

kg for every 1 kg gained by cattle of similar age and weight

who did not lose weight during the.dry season.

Other conclusions reached in this report were:

1) Supplementation of steers on improved grasses such

as molasses grass with nitrogen (urea-molasses) during the

dry season reduced weight losses, but was not economically

feasible.

2) Production can only be raised to a new higher level

in the Llanos with the introduction and strategic use of

legume-based pastures. Under this system, steers grazing

these pastures can gain weight year round. Results obtained

included gains up to 500 grams per day during the dry season,

versus weight losses fluctuating between 150-350 grams per

day during the dry season for most of the grass systems

tested.
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Another important point made in this review was that

Paladines and Leal (1978) cautioned against attempting to

generalize results published from research in tropical Africa

and Australia to Latin America. According to Paladines and

Leal (1978), soil, climate, production systems, and disease

problems are so different that practices adopted in these

areas of the world simply to not apply to conditions in Latin

America. This caution has been adopted as part of the phil-

osophy of this thesis. For that reason, the literature

review dealing with the tropics and explanations of the re-

sults of the simulation developed in this thesis have been

confined almost exclusively to comparisons with research

results obtained under the same tropical Latin American

conditions.

Nores and Estrada (1978) performed an economic evalua-

tion of alternate cow-calf and fattening systems in the

Eastern Plains of Colombia. The evaluation was by means of

CIAT's Hatsim simulation model (Juri et al., 1977) in

which the same initial herd in each system of production was

simulated over a 25 year period. The farm's net income flow

was used to calculate the internal rate of return of each

system using the discounted cash flow method. The Hatsim

model is explained in detail elsewhere in this thesis.

Seven alternate systems were considered in this

economic evaluation:

1) Native savanna with salt supplementation only.

2) Native savanna plus minerals.
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3) Native savanna, minerals, plus weaning all calves at

three months of age.

4) Molasses grass during the wet season and native

savanna during the dry season, plus minerals.

5) Molasses grass during the wet season, native savanna

during the dry season, minerals, plus early weaning ot all

calves.

6) A system based on Brachiaria decumbens.

7) A system based on legume-grass pastures.

Systems one through five used the same data of the Herd

Systems Experiment used in this thesis to construct a simula-

tion model. Systems six and seven were based on data from

the steer grazing experiments at Carimagua (Paladines and

Leal, 1978; CIAT, 1978).

Results from this analysis indicated that for systems one

through five, i.e., those corresponding to treatments in the

Herd Systems Experiment, grazing native savanna with mineral

supplementation was the most profitable. Early weaning was

not profitable with present costs and management. Grazing

the entire herd on molasses grass was substantially less

profitable than the native savanna plus mineral system. Re-

sults from the Brachiaria and legume simulations indicated

that the Brachiaria is as profitable as the native savanna

system and that legume-based pastures, under the assumption

that they will persist, would be significantly more profitable

than any other system.



50

The main reason for the surprising profitability of

native savanna plus minerals is that unimproved tropical

rangeland has a very low opportunity cost. Capital invest-

ment in this system is primarily in cattle and then in

minerals (mineral supplements are expensive compared to the

U.S.). This represents a system with low risk and low

capital investment. The movement to any system of improved

pastures represents a tremendous increase in capital invest-

ment to plow and seed the:native savanna and a tremendous

increase in risk due to disease and persistence problems.

In addition, an improved pasture such as molasses grass

fails to provide superior forage during the critical four

months' dry season, when, in fact, it is inferior to lowland

native savanna. For these reasons, only grasses such as

Brachiaria and legume -based pastures, both of which provide

high quality feed during the critical four months dry season

and dramatically increase animal gains are competitive with

or superior to the native savanna plus minerals system.

A very interesting part of this report is an explanation

of why minerals are so seldom used in the Llanos when they

are so profitable. According to Nores and Estrada (1978) the

following are reasons for the slow adoption of mineral use

in the Llanos:

1) There is a reduction in net income during the first

few years after implementation until the first extra calf-

crop obtained is sold. That is, given the generation interval
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in a cow-calf operation, anything which improves cow fertil

ity will not result in increased profits for several years,

until the extra calves go to market. In a capital scarce

society, or under conditions where tradition limits capital

expenditures in beef cattle enterprises, this delayed pay-

off restricts the use of mineral supplementation.

2) Lack of within-farm transportation limits the use of

salt and mineral supplementation. On a ranch the size of

Carimagua (22,000 ha) it is possible to travel more than

20 km in one direction without leaving the station (Carimagua

was formerly a ranch, typical of the extensive operations

in the high savanna). Horses suffer greatly under the en-

vironmental conditions of the Llanos and it is simply not

possible to use them for long distance hauling. On ranches

without tractors or motorized transportation of some kind,

placing salt and minerals where the cow herd is grazing is

difficult.

3) In addition, absentee ownership, difficult access

to the ranch during the rainy season, and irregular supply

of high quality supplements are cited as additional reasons

for the lack of widespread adoption.
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MATERIALS AND METHODS

Description of the Land Area

The Llanos Orientales of Colombia cover some 300,000

square km of land in the eastern zone of Colombia. Tradi-

tionally, most of the land in the Llanos has been used for

extensive grazing. The soil is characterized by low natural

fertility, extreme acidity, and high levels of exchangeable

aluminum cations (Mejia, 1975) (Table 1). These soil quali-

ties and geographical isolation have greatly limited the use

of the area. The Herd Systems Experiment and contemporaneous

steer grazing trials were conducted from 1972-77 at the Cari-

magua Research Station located in the heart of the Llanos.

The station is in the Municipio of Puerto Gaitan at 4°31'

North Latitude and 71°30' West Longitude, at an elevation of

150-200 meters above sea level. Carimagua Station occupies

some 22,000 ha. Approximately 95% of the area is native

savanna. The rest is covered by gallery forest which grows

in areas partially inundated during the rainy season (Mejia,

1975). A complex of Trachypogon vestitus/Paspalum pectinaum

savanna was identified as typical of the area (FAO, 1965).

The gallery forest of the semi-inundated lowland area is mainly

composed of the moriche palm (Mauritia minor) which represents

about 80% of the forest (Mejia, 1975).

Climate

Carimagua Station has a mean annual rainfall on the



Table 1. Characteristics of the main soils at Carimagua Research Center.
(Tropeptic Haplustox, fine-clayey, mixed, isohyperthermic).

Oxisol

Exchangeable cations
Horizon
(cm)

yCo% Sand
%

pH
(H20)

Org.

%

(meq /100 g)
Al
satn

%

Avail.
p*

(ppm)

Avail.
H2O

(%, vol)Al Ca Mg K CEC
+

0- 20 37 6 4.9 3.1 2.8 0.2 0.2 .10 3.4 82 0.9 9

20- 51 39 5 5.0 1.5 2.0 0.1 0.1 .10 2.3 85 0.4 7

51- 82 40 5 4.8 0.8 1.9 0.1 0.1 .10 2.2 84 0.9 5

82-117 40 5 5.4 0.6 1.1 0.1 0.1 .10 1.6 69 0.4 5

117-132 48 5 5.8 0.4 0.2 0.2 .30 0.8 0.4 6

132-152 52 4 5.9 0.3 0.2 0.2 .30 0.7 0.4 7

+Cation exchange capacity.

*Bray II Extraction method.

Source: CIAT (1978).
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order of 2000 mm, with a pronounced dry season of three to

four months. Mean monthly temperature is 23.8°C. Figures

1 and 2 show details of the climate, based upon five years'

data.

The Herd Systems Experiment

The main source of data for this thesis was the joint

CIAT-ICA (International Center for Tropical Agriculture-

Institute of Colombian Agricultural Research) Herd Systems

Experiment. Stonaker (unpublished information, 1978) d

scribes the beginning of this experiment:

"On a small part of this extensive ranch (Carimagua)

were undertaken the partial life-cycle experiments with

cattle herds. The heifer herd upon which the present experi

ment was based was purchased in late 1971 and early 1972

from ranches in the nearby area. In breeding they were mostly

high grade Brahman, representing about 75% of the Casanare

type. A few cows were believed to be a first cross Sanmar-

tinero x Zebu. The Criollo breed of bull used was the San-

martinero and the Brahman breeding will be described as Zebu.

The experiment was begun in May, 1972, after the hefiers had

been previously weighed, tested for brucellosis, vaccinated

for foot and mouth disease, and sprayed for the control of

ticks. At the outset, it was decided to follow the life

cycle of the herd under a range of different beef producing

systems.



Figure 1. Rainfall distribution at Carimagua Research Station, 1972-76.
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Figure 2. Mean monthly temperature at
Carimagua Research Station
(5 years' data)
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"Once heifers were allocated to the breeding herd, they

were to remain there without culling for the duration of the

experiment. Cows with marked functional disorders or

reactors to brucellosis or tuberculosis tests were eliminated,

but no culling on the basis of production took place. The

grade Zebu heifers which were purchased in early 1972 were

approximately 2-2i years old, judging from the eruption of

the incisors.

"At the outset of the experiment, color, condition and

estimated pedigrees were also noted. Breed of sire, birth-

dates, causes of death were observed on calves born in the

experiment.

"To partially minimize the differences between produc-

tivity of the different pastures within major treatments,

the herds were switched following each weighing period be-

tween the two pastures of their experimental treatment.

Thus, Herds 2 and 3 alternately used the same two pastures

as did Herds 4 and 5, 6 and 7, 8 and 9. Cows grazing molasses

grass year round had access, in the dry season, in addition,

to their own pasture, to the molasses grass pastures vacated

by Herds 6 and 7 when they were moved on to native pastures

for the dry season. Thus the stocking rate per hectare of

molasses grass was halved during the dry season. As the

major effects began to show a high level of duplication from

year to year, the experiment was terminated when the cows

were approximately seven years of age and had produced on an

average, about 2.6 calves per cow. In the region under the
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primitive conditions that prevailed, ranchers consider the

average productive life of a cow to be about 4 calves."

There were nine herds, with about 35 cows in each herd,

at the beginning of the experiment. Herds were defined by

the treatments applied to them. Table 2 illustrates the

treatments applied to each herd. Within each herd (except

Herd 1), five cows were selected at random from among those

that calved during the first wave of calvings in the experi-

ment, and their calves were weaned at 84 days of age. This

is termed the early weaning treatment in the experiment.

Figure 3 shows the layout of the pastures at Carimagua.

Lebdosoekojo data

Another important source of data for the construction

of this simulation model was the study done by Lebdosoekojo

(1977), which has been reviewed above. That thesis provided-

qualitative intake data for the herds of the HSE from April,

1975 to May, 1976 and therefore supplied the necessary in-

formation to run the feed intake equations researched and

adapted from the literature. The nitrogen and digestible

organic matter intake data used in this thesis are from

Lebdosoekojo. This kind of selective grazing data of cows

under tropical American savanna conditions is extremely rare

and valuable information.

General Philosophy of the Model

Wright and Dent's article on techniques of simulation
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Table 2. The treatments of the Herd Systems Experiment

Herd Treatment

1 Control. Native savanna + salt.

2 Native savanna + salt + ureal. Five early2
weaned cows. Use of Zebu bulls 50% of the
time, Sanmartinero bulls 50% of the time.

Native savanna + salt. Five early weaned cows.
Use of Zebu bulls 50% of the time, Sanmartinero
bulls 50% of the time.

4 Native savanna + salt + minerals + urea.
Five early weaned cows. Use of Zebu bulls 50%
of the time, Sanmartinero bulls 50% of the
time.

5

6

7

8

Native savanna + salt + minerals. Five early
weaned cows. Use of Zebu bulls 50% of the time,
Sanmartinero bulls 50% of the time.

Native savanna during the dry season, molasses
grass during the rainy season + salt + minerals.
Five early weaned cows. Use of Zebu bulls 50%
of the time, Sanmartinero bulls 50% of the time.

Native savanna during the dry season,- molasses
grass during the rainy season + salt + minerals
+ urea. Five early weaned cows. Use of Zebu
bulls 50% of the time, Sanmartinero bulls 50%
of the time.

Molasses grass year round + salt + minerals.
Five early weaned cows. Use of Zebu bulls 50%
of the time, Sanmartinero bulls 50% of the
time.

9 Molasses grass year round + salt + minerals +
urea. Five early weaned cows. Use of Zebu
bulls 50% of the time, Sanmartinero bulls 50%
of the time.

1/ The urea supplement consisted of urea (80g), molasses
(500g), sulphur (4g) per head per day during the dry
season (4 months)

2/ Early weaning consisted of weaning calves at 84 days
of age.
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in the study of grazing systems (1969) greatly influenced

this research and earlier simulation work by the author

(Levine and Hohenboken, 1978; Levine et al., 1978). It is

worth reviewing Wright and Dent (1969) at some length as an

introduction to the philosophy and methods used in building

this simulation model.

In grazing systems where experiments must be repeated

over a number of years to accumulate sufficient results for

a meaningful analysis because of the vicissitudes of climate,

physical experimentation can be time consuming and costly.

It is possible to shorten both the time and cost of experi-

mentation by constructing a model of the system and conducting

experiments with the model. This is the heart of the simu-

lation approach advocated by Wright and Dent (1969).

Wright and Dent distinguish two phases of the simulation

process: building the model (and verifying it) and conducting

experiments with the model. The building and verification

phase alone can be very valuable in understanding the struc-

ture and interrelationships of a complex system. If the model

is a close enough approximation of reality it will react to

changing input patterns in a way similar to the real system.

Experimenting with this model can produce rapid and inexpen-

sive estimates of animal grazing responses for a variety of

climatic, management and economic conditions.

Simulation is distinguished from strict optimizing

techniques such as linear programming (LP) and dynamic
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programming, because a simulation does not seek to find a

unique optimal solution to a given problem as do the former

techniques. A simulation model is generally concerned with

locating the optimal region of production and the point

within the region to operate the system is a matter of choice.

This offers greater flexibility of use than LP or dynamic

programming which output a unique solution (if there is a

feasible solution) to a given set of conditions.

Verification is an integral part of the model building

process. Ideally, the model should be tested to see how well

it compares with the real system. This implies that a real

system exists to be compared and suitable data are available

for the verification. When this is not so verification be-

comes subjective and tentative. Wherever possible the

individual equations used in the model should be verified by

statistical or subjective techniques. 'This verification

process reveals limitations in the model.

The final and most useful part of a simulation is

experimenting with the model. Runs may be made in either

deterministic (where every parameter has a given value) or

stochastic (where some parameters are allowed to vary over

an accepted range of values or probabilities) modes. Wright

and Dent list four basic kinds of problems a simulation model

of a grazing system is useful in answering:

1) To compare alternate courses of action.

2) To estimate the response of the system to changes in
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the level of a single input.

3) To explore the response surface generated for differ-

ent combinations or levels of inputs.

4) To estimate the input combinations required for an

otpimal or near optimal level of input.

In summary, Wright and Dent advocate the usefulness of

simulation in studying management oriented systems research

in agriculture. They point especially to its feature of

integrating the many specialized subdisciplines of agricul-

tural research: genetics, agricultural economics, range man-

agement, nutrition, and statistics by means of simulation

work as well as the ability of the simulation to evaluate

this specialized knowledge on whether it contributes to a

greater understanding of the overall system under study.

Following this basic procedure described by Wright and

Dent (1969), Levine and Hohenboken (l978) and Levine et al.

(1978) simulated two breeds of sheep grazing hill pastures

of western Oregon. A discrete, deterministic model was

adapted from the literature (Smith and Williams, 1973).

This model was chosen because of its versatility and the

philosophy implicit in its construction. Equations were

developed which had biological meaning, and Smith and

Williams (1973) attempted to validate each individual rela-

tionship by physical experimentation or testing against

available experimental evidence. In adapting the model to

western Oregon conditions, changes or additions were made in
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the equations that corresponded to and had to be justified

by known biological changes in the real system being

simulated.

In addition, Levine et al. (1978) subjected their model

to an extensive validation process by comparing its output

to experimental evidence that was collected independently

of data used to adapt the model. Validation of the model

with information that is independent of data used to build or

adapt the model is the best test of how well the model

represents reality. A model fitted to one set of experimen-

tal data should be validated against a separate and indepen-

dent set of data. Without this independent testing which

reveals biases and possible errors in the model it is not

possible to simulate experiments with the model with any de-

gree of confidence. Upon completion of a successful valida-

tion procedure Levine et al. (1978) then experimented with

the model to estimate differences in feed intake and optimal

stocking rates for two breeds of ewes.

This same modeling technique: building or adapting a

model, internal and external verification of output, vali-

dation of the model with independent data, and experimenta-

tion with the model, outlined by Wright and Dent (1969)

and used by Levine and Hohenboken (1978) and Levine et al.

(1978) is the one to be used in establishing a simulation

of the joint ICA-CIAT Herd Systems Experiment at the

Carimagua Research Station in the Llanos of Colombia.
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Building the Model

The first step in building the model was to identify

what part of the Llanos grazing systems was of central

interest, that is, what kind of new information was wanted

from the model, then to determine what components of the

system affected that part of the system. It is generally

agreed (Paladines, 1978; Paladines and Leal, 1978;

Stonaker, 1975; Stonaker et al. 1976; Raun, 1976) that

low fertility of the brood cow is the principal constraint

to cow-calf production in the Llanos of Colombia, and in

the tropics in general. In some years of the Herd Systems

Experiment, calving rates for some herds were below 35%.

Overall fertility of the HSE herds was 56.6%. It is also

generally agreed that nutritional stress rather than

disease, for example, is the main cause of low cow fertility.

It is not completely known how frank energy deficiency,

protein deficiency, mineral and vitamin deficiency interact

to produce this nutritional stress, but all of these kinds

of deficiencies are important in different times of the

year. The main focus of the model to be constructed in

this thesis will examine low cow fertility.

Calf growth and survival are not important

constraints compared to low cow fertility and no attempt

will be made to model calves. It is the personal opinion

of the author that simulation models in the literature which

have modeled preweaning calf growth have not provided much
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insight into the cow-calf system because of critical gaps

in knowledge of the system, especially the nutritive value

of milk to the young calf (Sanders, 1977), the actual milk

production of the brood cow under a given set of environ-

mental conditions, and the relative importance of ingested

forage to the young calf. Given the pattern of compensatory

growth and the fact that 4-6 years are required to reach

market size under the extensive tropical conditions of the

Llanos, it was decided that little could be learned from

attempting to simulate the growth curves of the calves of

the Herd Systems Experiment. For this reason, the simula-

tion will not be a model of a whole herd, but a fragment

of a model which focuses intensively on the problem identi-

fied as of central interest: low cow fertility. Since it

has been decided that this low fertility is caused by

nutritional stress of some sort, the model will focus on

the nutritional status of the brood cow, and how this af-

fects cow fertility.

Reanalysis of Available Data

The next step was to decide which factors influenced

the nutritional status of the brood cow and what data or

other information were available to use in the model. The

main source of information for the construction of this

model is the Herd Systems Experiment (HSE) conducted at

Carimagua Research Station, which has been reviewed above.
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It is important to be able to distinguish among

seasons of the year and physiological states of the cows

in order to quantify and interpret nutritional stress.

All animals suffer from feed deficiencies during the four

months' dry season from late November to late March. In

addition to this, cows have additional feed requirements

during periods of late gestation and lactation. It is

obvious that maximum nutritional stress occurs when peak

lactation needs coincide with the dry season. Since con-

tinuous year-round mating is the standard practice in the

Llanos and was used in the HSE, lactational and dry season

stress did coincide periodically. This is an area that

the proposed simulation model will examine.

It was decided that the best way to use the available

data of the HSE was to perform new statistical analyses

---in addition to ones already available-- for each

weighing of the cow herds of the HSE from February, 1974

through the end of the experiment. Weighings were at two-

month intervals, more or less. Four physiological states

of cows were distinguished: late gestation (the last 100

days of pregnancy), early lactation (the first 100 days of

lactation), late lactation (the remainder of the lactation

period', and dry. This classification of physiological

status is commonly used in the literature (National Research

Council, 1970, 1976; Agricultural Research Council, 1965;

Church et al 1974) to distinguish among different phases of
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nutritonal requirements of the brood cow. Analyses were

run for each weighing in order to "map" from one weighing

to the next ---within physiological status and herd treat-

ment--- in the simulation. With this method changes due

to seasonal effects are accounted for accurately and no

assumptions have to be made about average seasonal effects.

Following previous statistical analyses, runs were

made for Herds 2-5 and then for Herds 4-9 for each weighing.

Herds 2-5 correspond to what is called the mineral phase of

HSE and Herds 4-9 to the pasture phase of HSE. The differ-

ence between Herds 2 and 3 versus 4 and 5, respectively, are

minerals vs. no minerals. All cows in Herds 4-9 had access

to a complete mineral mix, and treatment differences among

herd pairs 4 and 5 vs. 6 and 7 vs. 8 and 9 correspond to

differences due to pasture treatments.

Runs were first made in SAS (Barr-et al., 1976) using

General Linear Means (GLM) Procedures (means, type-3 sums of

squares, and solution), and then using the Harvey Procedure

(Harvey, 1960; Helwig, 1976) to obtain least-squares means.

Forty-four runs were made using GLM procedures and forty-

four runs using Harvey Procedures. The GLM runs yielded

the number of observations in each subclass of each weighin

the raw mean of each subclass, an analysis of variance

table, and F-tests for the variables in the model. The

Harvey runs yielded the same analysis of variance table

(with the exception that the means were not absorbed for



69

each run, i.e the SST was not adjusted for the overall

mean), the same F-tests and the weighted least-squares

means. In other words, it was necessary to make the Harvey

runs in order to obtain the least-squares means. The model

used for Herds 2-5 for both GLM and Harvey was:

Cow liveweight (t) = Mean + Minerals + Supplementation +

Weaning + Physiological Status (t)

All first order interactions with the

exception of Weaning x Physiological

Status error

This last interaction was excluded due to the small

number of observations in the early-weaned x physiological

status cells. All independent variables in the model were

fixed. The model used for Herds 4-9 was:

Cow liveweight (t) = Mean + Pasture + Supplementation +

Weaning + Physiological Status (t)

All first order interactions + error

The weaning x physiological status interaction was

included in some of the runs for nerds 4-9 when the prelim-

thary run using GLM procedures showed the interaction to be

significant.

Feed Intake Equations

Once the data from the HSE were analyzed, the next
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step was to determine the exact form of the simulation

model. Since nutritional stress is considered to be the

most limiting constraint on the cow-calf system, the main

goal of this model is to establish a series of accurate and

versatile intake equations specifically fitted to the en-

vironmental conditions of the Llanos: lowland humid tropics,

acid infertile soils, four months' dry season, acute

phosphorus deficiencies in unsupplemented animals, patterns

of extreme weight loss during the dry season and compensatory

gain during the rainy season. These equations should be able

to predict intake of a given cow (given its age, physiological

status, and weight) as a function of available nitrogen,

and digestible energy of standing forage. A search of the

literature was made and equations by Seibert and Hunter (1977)

were deemed the best starting point for simulating feed in-

take of the cows of the HSE.

According to Seibert and Hunter (1977), the voluntary

intake of metabolizable energy per day in megacalories (ME)

is a function of nitrogen content of selected forage and

the metabolic weight of the grazing animals according to

the formula:

ME = (13.5 N + 25.7) x LW° . 7 5 x .0037422

where:

ME = intake of metabolizable energy per day in Mcal,

N = nitrogen content of ingested feed in grams/100

grams of organic matter,

(1)



LW = liveweight of the animal in kg.

Seibert and Hunter also provide formulas to predict

maintenance requirements and daily gain of grazing animals.

Maintenance requirements (MM) are given by the formula:

MM = [(12,150-8.8 x Age + .0045 x Age2) x Le'75

200 LW] (61.6 + 6.75 x ME DM)

where:

71

(2)

MM = maintenance requirement in Mcal/day,

Age = age in days,

ME = voluntary intake in Mcal/day, predicted from the

equation above,

DM = dry matter of the feed in kg,

ME/DM = is a measure of the energy concentration of the

feed. The lower the ME concentration of the dry matter, the

higher the maintenance requirement.

This is a very useful type of equation for an extensive

grazing system, where more time and energy must be expended

in grazing and more distance covered when forage is of low

quality. More distance is covered under Llanos conditions

because of high levels of selective grazing under these -ex-

tensive conditions.

The data available from the HSE do not include esti-

mates of dry matter feed consumption. The formula developed

by Golding (1976) for tropical grasses was used to estimate

dry matter intake. According to Golding:

ME concentration or ME/DM = (4.15 DOM + 1.299 CP -

4.59) x .0082 (3)
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where:

ME/DM = Meal of metabolizable energy per kg of dry matter,

DOM = digestible organic matter in kg/100 kg,

CP = crude protein in kg/100 kg.

Data from Lebdosoekojo (1977) were available for DOM

and CP values. ME values are predicted from the Seibert

and Hunter (1977) equation, above. Therefore, ME/DM or DM

can be solved by this system of equations.

Gain in kilograms per day is predicted by Seibert and

Hunter as a complex function of energy concentration of the

ration, the difference between voluntary intake and maintenance

requirements, and liveweight of the animal, by the formula:

Gain = [1000 x (18.4 x ME/DM + 3.0) x ME - MM)]

[(142,500 + 364 x LW) + (0.231 .00011 x LW)

(18.4 x ME/DM + 3.0) x (ME MM)] (4)

where:

Gain = liveweight change in kg per day,

ME, DM, MM, LW are defined above.

These three Seibert and Hunter equations, plus the

equation by Golding, form the central part of the section

of the simulation which deals with voluntary intake and

liveweight changes.

Theoretical Limitations of the Feed Intake Equations

The Seibert and Hunter equations were developed from

steer grazing trials in Northern Australia under environmental

conditions much superior to those encountered in the Llanos



73

of Colombia. It would be inadvisable to use these equations

without adjusting them fOr the vastly different conditions

encountered in the Llanos. Also, in the HSE we are dealing

with a cow-calf system and the physiolgoical status of the

brood cow at any given time must be considered in the model

if we hope to simulate cow liveweight changes and fertility

with any degree of accuracy.

Effect of Burning the Native Savanna

It is a universal practice in the Llanos of Colombia

periodically to burn the native savanna. The relative fer-

tility of the savanna and intensity of its use determines the

frequency of burning because there must be a sufficient mass

of vegetative growth to ensure a proper burn. Relatively

fertile bajos (low lying savanna partially under water during

the rainy season) which are understocked may be burned two to

three times a year while upland savanna may be burned once

every two years. Under the conditions of the high savanna

of Carimagua the native savanna tended to be burned between

September and March, that is, more or less during the dry

season. Paladines and Leal (1978) have extensively documented

the effect of burning on quality and quantity of regrowth. Old

growth savanna (more than 4 months old) yields crude protein

levels of 2-3% or even less measured by clipping studies

while new growth yields values on the order of 10% crude

protein. Lebdosoekojo's data on qualitative intake of the

cows of the HSE show that the highest nitrogen intake was on
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native savanna after burning and on molasses grass during

the late rainy season. The Seibert and Hunter equation de-

scribed above to predict voluntary intake of standing forage

states that level of intake is linearly related to nitrogen

levels in ingested forage. In other words, using this equa-

tion in unmodified form, we would expect the highest voluntary

intake--and therefore highest weight gains (discounting the

effects of lactational stress)--to occur on native savanna

after burning and on molasses grass in the late rainy season.

However, the data from the HSE and other experiments show

that cows or steers are barely able to maintain their weight

or lose weight after burning of native savanna. This is due

to the poor regrowth of the savanna, especially during the

dry season. Cows have a high quality forage available to

them but it is in limited quality. Their intake is limited

by the sparse regrowth. Therefore their performance cannot

be predicted by the unmodified Seibert and Hunter equations

which predict a high voluntary intake when forage quality is

high. The Seibert and Hunter equation predicting voluntary

intake must be modified for cows grazing native savanna during

the dry season after burning. Molasses grass, on the other

hand, is never burned as it does not survive burning. It

was not necessary to modify the feed intake equation for

cows grazing molasses grass during the dry season (Herds

8 and 9 of the HSE).
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Compensatory Gain

Another phenomenon that must be accounted for under

the environmental conditions of the Llanos is the extreme

pattern of weight losses and gains during the course of a

year. The Seibert and Hunter equations do not account

adequately for extreme patterns of weight loss and compen-

satory gain. They are modified for all herds during the

early and/or late rainy season to account for increased

voluntary intake and decreased maintenance requirements

during the period of compensatory growth. The theoretical

reasons for these adjustments are discussed in the results

and discussion section.

Lactational Stress

One of the most fundamental concepts of animal hus-

bandry is that a cow's nutritional requirements alter as

its physiological status alters. The reanalysis of the

HSE data was done to distinguish among four such states:

early lactation, late lactation, dry, and late gestation,

to correspond to the different feed requirements recom-

mended by both the NRC (1970, 1976) and the ARC (1965).

The Seibert and Hunter equations are modified to take

into account differences among cows due to physiological

status.
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Mineral Supplementation

The difference between Herds 2 and 3 versus Herds 4

and 5 of the HSE is that Herds 4 and 5 had ad libitum

access to a complete mineral supplement while Herds 2 and

3 received salt only. Unpublished data of the HSE indicate

that the total liveweight production of cows and calves of

Herds 4 and 5 is nearly double that of Herds 2 and 3,

33,000 vs. 17,500 kg, respectively. This is due to the

combined effect in Herds 4 and 5 of heavier cows and calves,

more calves born, and higher survival percentages of all

classes of animals. Therefore, the Seibert and Hunter

equations must be adjusted in modeling Herds 2 and 3 of the

HSE to account for acute mineral deficiency, especially

phosphorus deficiency, which animals grazing the acid

infertile soils of the Llanos are subject to (Rauh, 1976;

CIAT, 1975, 1976, 1977, 1978). This correction is of

great practical importance because the vast majority of

cattle raised under commercial conditions in the Llanos do

not receive adequate mineral supplementation.

Reparameterization of the Seibert and Hunter Equa-

tions

The first computer runs of the simulation model were

made to reparameterize the Seibert and Hunter equations to

fit the environmental conditions of the Colombian Llanos.

The simplest case possible with the HSE data was for dry
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cows with access to complete mineral supplementation. With

these animals it is necessary to modify the Seibert and

Hunter equations for effect of burning the native savanna

and for compensatory gain. Once corrections for these

values were obtained, corrections could then, be made for

physiological status and for mineral deficiency.

Figures 4 and 5 represent a flow diagram of the SAS

program (Barr et al., 1976) used to reparamaterize the feed

intake and maintenance equations (Appendix Table 53 shows a

printout of a sample run of the SAS program). Dry cows

with access to minerals correspond to dry cows in Herds 4-9.

Dry cow weights from March 1975 to June 1976 were used as

observed values of each herd's performance. This time

period corresponds to the time period for which qualitative

intake data are available from Lebdosoekojo (1977). Weigh

ings took place on 3/75, 5/75, 7/75, 9/75, 11/75, 12/75,

3/76, 4/76, and 6/76, for each herd. The

observed average daily gain (or loss) was computed for dry

cows within each herd for each time period. For example,

the average daily gain of dry cows in Herd 5 between March

and May 1975 represents one observed value. The average

daily gain for dry cows in Herd 4 from April 1976 to June

1976 represents another observed value. For each herd

(4-9) a set of 8 observed values was obtained. This set

of values along with corresponding values for nitrogen

intake, crude protein, and digestible organic matter, as
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Figure 4. Flowchart of SAS program to reparameterize
Seibert and Hunter equations.
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Figure 5. Flowchart of SAS program to reparameterize
Seibert and Hunter equations (Continued).
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well as the liveweight of dry cows at the beginning of

each time period, represent the set of observed values

available for this stage of the simulation- From the

Seibert and Hunter equations predicted values of average

daily gain (and hence liveweight changes), voluntary intake

in dry matter per pasture treatment, total metabolizable

energy intake in Mcal/day, and maintenance requirements of

total metabolizable energy in Mcal/day are obtained. The

model was fitted by computing a Pearsonian correlation

coefficient between sets of observed values of average

daily gain and predicted values of average daily gain

obtained from the simulation. The level of sta-

tistical significance of the correlation coefficient pro

vided a major indication of the value of a given set of

simulated values, but the size of the correlation coefficient

was not the only criterion used to evaluate each run. All

output from the simulation was also required to remain within

reasonable bounds. For example, on a given run, a set of

simulated values was output and a correlation coefficient

computed. If predicted levels of intake during a given part'.

of the year were subjectively determined to be too low,

the the constraints of biological reality imposed upon the

modeling process as part of its general philosophy indicated

a correction of the feed intake equation to provide more

realistic output.
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Values were fitted for B, a limiting factor on pre-

dicted intake for cows grazing native savanna during the

dry season, and for land C. I is a factor to increase

voluntary intake during the early and/or late rainy season

and C a factor to decrease maintenance requirements during

the same time of the year. Both I and C are intended to

correct for compensatory gain at the end of periods of

weight loss during the dry season. B applied only to herds

on native savanna during the dry season and only during the

months of observed weight loss during the dry season. I

and C apply to all herds at the end of periods of weight

loss, i.e., the early rainy season for native savanna and

middle or late rainy season for cows on molasses grass.

For each parameter a triangular distribution of values was

chosen as a starting point. This distribution consisted of

a best estimate as the central value, a low estimate, and

a high estimate. Then a computer run was made with all

possible combinations of a given set of values of B, I, and

C Ca 3 3
factorial). That is, 27 sets of expected values

of average daily gain per herd, intake, and maintenance

requirements were output with each run. Correlation coef-

ficients were computed for each set of expected gains vs.

observed gains, and the best fit formed the basis for the

next run. A new triangular distribution of values for B,

I, and C, respectively was fitted, with the best fit of the

previous run providing the center values for B, I, and C.
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This represents a simple form of computer search for a

global maximum of correspondence of observed and expected

average daily gains, as measured by the size of the computed

Pearsonian correlation coefficient.

This system of runs was executed by means of a series

of nested loops programmed in SAS. The flowchart (Figures

4 and 51 illustrates the general form of this program for

an early run. The three nested loops are designated J, K,

and L. J is the outermost loop and controls the value of B.

K is the center loop and controls the value of I. L is

the innermost loop and controls the value of C. With a

given value of J and K, L makes three revolutions, gener-

ating three values of C for one value of B and I. After

three revolutions of the L loop the K loop makes one revolu-

tion, generating a new value for I. After three generations

of the K loop, J, the outermost loop makes one generation,

and another cycle begins. B, I, and C are not relevant

for all herds at all dates. Therefore, since these para-

meters are multiplicative correction factors, they have

initial values of one (and therefore do not modify their

respective prediction equations) and change values only when

they pass a given set of logical tests. For example, the

correction factor B never applies to Herds 8 and 9 because

they are on molasses grass year round. Therefore, if herd

equals 8 or 9, observed values are shunted out of the J loop

to the K loop. Similarly, B applies only to the dry season,
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so if dates corresponding to periods of liveweight changes

do not fall within the bounds of the dry season, they are

shunted out of the J loop to the K loop. Similar restrictions

apply to the I and C parameters. Both I and C apply only

during the rainy season. Data not corresponding to those

dates are outputed directly to the section of the program

containing the Seibert and Hunter equations and a given

set of expected daily gains are computed.

As an additional guide to choosing the best values of

B, I, and C, a regression model was fitted at the end of

each computer run--for the early runs. This model had DIF as

the dependent variable where DIF = Gain - Rgain, or the

difference between observed and expected average daily gains.

B, I, and C plus all two-factor and the single three factor

interaction were the independent variables. The size of the

sum of squares and F-values were of interest in determining

which of the three variables was most significant in deter

mining the value of DIF for a given run. This, in turn, was

used as a guide to determine which of the three variables

would be varied in the next run. It was found, after initial

runs, that global maxima for B, I, and C could be found more

efficiently by altering one variable at a time instead of

attempting to fit three new triangular distributions at the

end of each run. The regression model was useful in deter-

mining when to tune which variable. In addition, two kinds

of residual analyses were performed. Regressions of predicted

gain on observed gain were run to see if there were any
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systematic biases. The values of DIF were also examined for

each run for any biases. For example, if all DIF values were

negative in a given run, this would indicate a systematic

bias in the simulation, i.e., that simulated values were

consistently lower than observed values. The basic procedure

used in the reparameterization was maximization of the Pear-

sonian correlation coefficient between observed and predicted

daily gains, subject to the restriction that the residual

analyses did not reveal any biases.

Reparameterization Against Herds 4-5,

Validation Against Herds 6-9

After some initial runs it was decided that the model

could be most efficiently fitted by separating the herds

according to pasture treatment (within minerals) and pooling

herds. Herds 4-5 (native savanna year round), Herds 6-7

(molasses grass for eight months, native savanna for the

dry season), and Herds 8-9 (molasses grass year round)

formed three sets of pooled data. Herds 2-3 (native savanna

without minerals) were modeled later. Data were pooled for

two main reasons. One was that each herd contained a total

of 35 cows at the beginning of the experiment. At any given

time half of the cows were likely to be dry. This left 17 or

fewer cows to occupy the three cells in each herd corre-

sponding to the physiological states of late gestation, early

and late lactation. Pooling herds within minerals within

pasture treatment helped increase the number of cows in each
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non-dry physiological cell and reduced the between cow

variance due to the natural variation in individual cow weights

within herd, time of year and physiological status.

Herds were kept separate within minerals between

pasture treatments because on a month-to-month basis cows

performed very differently based on pasture treatment.

This was due to the tremendous seasonal difference in perfor-

mance of cows on molasses grass versus those on native

savanna. The nutritive value of molasses grass fluctuated

widely on a seasonal basis. For this reason it was decided

to concentrate on the most stable system: cows on native

savanna with minerals. After some initial runs, all repara-

meterization of the Seibert and Hunter equations with the

exception of mineral deficiency were performed with data from

Herds 4-5. First values for B, I, and C were fitted for dry

cows of Herds 4-5; then values to correct for maintenance

requirements and intake for late gestation, early lactation,

and late lactation, respectively, were fitted. These values

were then used without change to model Herds 6-9 of the HSE.

Therefore the modeling of Herds 6-9 can be considered a

provisional validation of the reparameterization.
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Herds 2-3

Herds 2-3 were treated as a separate group because

they were the two herds of the HSE that did not receive a

complete mineral supplementation (in addition to Herd

which is not analysed in this thesis). Values for B, I,

C, and adjustments for lactation and gestation feed re-

quirements fitted to Herds 4-5 were used without change

for Herds 2-3 as well. In addition a value for P, a

multiplicative correction factor, was fitted to the Seibert

and Hunter equation predicting voluntary intake to account

for reduced feed intake due to mineral

should be pointed out that the average

within season and physiological status

deficiency. It

liveweight of cows

was on the order

of 30 kg lighter in Herds 2-3 than in Herds 4-5. Since

Seibert and Hunter predict voluntary intake as a function

of metabolic weight, the fact that cows in Herds 2-3 are

30 kg lighter than similar cows with access to minerals

already limits intake. In other words the Seibert and

Hunter equations are partially self-correcting for mineral

deficiency due to the relatively lower starting weights

of cows from Herds 2-3. The correction factor fitted
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against Herds 2-3 may be considered to be more of a damping

factor. It limits intake and prevents the cows from gaining

weight as rapidly as they would have done without it.

It should not be interpreted as an absolute correction

factor in the sense that intake is limited solely by its value.

With the adjusted Seibert and Hunter equations, intake is

limited both by the smaller weights of the cows in Herds 2 -3

and the damping effect of the P correction factor.

The value for P was fitted in a manner similar to that

for fitting B, I, and C. A triangular distribution of best

estimate, high estimate and low estimate was used as the

starting point for a computer run and the Pearonian correla-

tion coefficient computed for each of the three sets of

expected values vs. the single set of observed values for

daily gains. The best value of the previous run formed the

center point for the next computer run. The process ceased

when a maximum correlation coefficient was obtained. Since

computer time was not available or scarce at times during this

research, many of these runs were made on a programmable cal-

culator with a continuous memory. A Hewlett Packart HP 29 C

was used for many of these runs.

Sensitivity Analysis

After values were fitted for B, I, and C for dry cows

of Herds 4-5 of the HSE a sensitivity analysis was performed

on the fitted model. The objective of the sensitivity
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analysis was to identify the most important driving variables

in the system and to examine how changes in these variables

affected output of the simulation. Changes in driving

variables were examined for nitrogen, crude protein,

digestible organic matter, observed liveweight, age, and

the relative importance of the fitted correction factors,

B, I, and C. One immediate result of this analysis was to

show that for every 30 day change in age of the HSE cows

maintenance requirements were increasing 1.6%. Over the

fifteen month time period used in fitting the model, 4-41/2

year old cows were being credited with maintenance require-

ments 24% less than the same cows 15 months later. Since

there is nothing in the literature to support the idea that

there is any sizable difference in maintenance requirements

between 4 and 5 year old cows, it was decided not to adjust

the Seibert and Hunter equation for age,, over the time period

under consideration, Therefore age was held constant in

the maintenance equation to the starting age of the cows

in March, 1975, Because of this change the entire repara-

meterization process was repeated, and new

values fitted for B, I, and C. The new values were very

similar to the original ones. After the entire repara-

meterization process was complete the sensitivity analysis.

was performed again with the effect of P, the correction

factor for mineral deficiency included as a parameter of

interest.
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Making the Model Dynamic

With the fitting of a mineral correction factor for

Herds 2-3, the reparameterization of the Seibert and Hunter

equations was complete. At this stage, within each group of

herds (2-3, 4-5, 6-7, 8-9) cows are broken down into four

physiological states (dry, late gestation, early lactation,

late lactation) and all pair-wise weight changes within each

phy8iological status have been simulated. The next logical

step in the modeling process is to combine these pieces of

information in a dynamic manner to simulate cows passing

through these physiological cycles as they become bred and

calve. The method chosen to make the model dynamic and con-

duct another type of validation at the same time was to

select two cows at random from each herd and simulate their

liveweight changes during the fifteen month time interval

the model presently covers. For example, cow 828 from Herd

4 was chosen. On March 1, 1975 she weighed 305 kg and was in

early lactation. This was the starting point for the simula

tion run of this cow. Using the observed physiological status

of the cow between March 1975 and June 1976 from each weighing

the simulation estimated liveweight changes as the cow changed

its physiological status over this fifteen month period. In

other words, the model at this stage is not predicting

fertility, but given an observed starting weight and ob-

served physiological status the model will predict liveweight
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change, voluntary intake, and daily gain, In this example,

cow 828 is on native savanna with minerals year round with

a known pattern of pasture burning and compensatory gain

during the early rainy season. Therefore values for B, I,

and C are set to modify the Seibert and Hunter equations at

the relevant times of the year and these equations are modi-

fied again according to the observed physiological status

of the cow at each weighing. With cow 828, maintenance and

intake are adjusted for the needs of early lactation in

March, 1975, for the needs of late lactation from May to

September, 1975, and then are not adjusted due to physio-

logical status thereafter because cow 828 was dry for the

remainder of the simulation period (Table 33). This proce-

dure was followed with sixteen cows, two chosen at random

from each herd. A pooled correlation coefficient was com-

puted for each group of four cows corresponding to the

sets of pooled herds (2-3, 4-5, 6-7, and 8-9). A pooled

correlation coefficient was computed because it would be

rash to claim the ability to simulate individual cows. By

pooling four cows' weight changes together and computing

a single correlation coefficient based on 32 observations

it was hoped that some of the individual cow variation un-

explained by the model would be reduced.

The model was fitted against cows of Herds 4-5. There-

fore,the simulation of individual cows from those two herds
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cannot be considered a validation of the model since their

data were part of the data set used to fit the model. Re-

sults from simulating individual cows from Herds 4-5 may

be considered an internal verification of the model. Simi-

larly, with cows from Herds 2-3, individual cows were part

of the data base used to fit the mineral deficiency correc-

tion factor, so they cannot be considered to be strict

validations of the model either. Since individual cows

from Herds 2-3 were not used in other modifications of the

Seibert and Hunter equations (burning, compensatory gain,

physiological status), the simulation of individual cows

from Herds 2-3 may be considered to be a partial validation

of those parts of the model. The mineral correction factor,

however, remains unvalidated.

The simulation of individual cows from Herds 6, 7,

9 may be considered an appropriatevalidation of the

feed intake and liveweight change section of the simulation

model, because those data were independent of any data

used in fitting the model.

Additional validations

Steer grazing trials were conducted at Carimagua

Research Station during the years of the HSE. Some of the

treatments studied in these grazing trials were similar to

those of the HSE. It was decided to test the partially

validated model against unpublished data from these steer
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experiments. Obviously, corrections for the four dif-

ferent physiological states could not be tested against

these data. Since all steers received macrominerals as

well, it was also not possible to test the correction

factor for mineral deficiency.

Steers grazing native savanna year round with a

stocking rate of .2 animal/ha and a burning treatment con-

sisting of burning part of the pasture each two months

Csequential burning treatment) were considered to be

closest to Herds 4-5 of the HSE. Two different groups of

eight steers each were selected as two sets of observed

data independent of the HSE and the feed intake and growth

section of the simulation model described above was used

to simulate the predicted average daily gain of each group

of steers. Driving variables for the simulation were

observed liveweights of the steers at the beginning of

each time period, and qualitative intake data from

Lebdosoekojo (1977) for Herds 4-5 of the HSE over the time

period which coincided with part of these steer experiments.

The qualitative intake datawereused from the pastures of

the HSE, where a different regimen of burning was practiced

than for the steer grazing trials. This limits the valid-

ity of this validation. However, no other qualitative

intake data were available. One group of steers was simu-

lated from March to November 1975 and the second group from

December 1975 to June 1976. Both groups were about 3-3i
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years old at the beginning of each time period.

A third group of 14 steers grazing molasses grass

with a continuous stocking rate of .44 animals per hectare

was chosen to use as a set of observed data which corre-

sponded to the treatments applied to Herds 8-9 of the HSE.

The same procedure was followed as with groups one and two

on native savanna. With the coMpletion of this exercise

the feed intake, maintenance, and growth section of, the

simulation was completed.

Simulation of Calving Rates

The final task of the simulation model was to simulate

the calving rates of breeding cows after simulating their

liveweight changes. It is the central hypothesis of this

thesis that, under the conditions of nutritional stress

found in the Llanos, insufficient bodyweight is the most

important factor limiting fertility. The fertility section

of the simulation will examine and test this central

hypothesis.

Data were available from the HSE relating bodyweight

of the dam to probability of conception. There were

725 parturitions during the course of the HSE. The date

of each calving was known and each calf and dam pair was

identified by means of brands and eartags. Weight of dam

at breeding was calculated by recording the date of birth

of each calf and identification number of dam. Then 283
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days were subtracted from the date of birth of each calf

and the records of weighings of the cows searched. The

weighing of each dam nearest to the date of birth of each

calf minus 283 days was taken as the best approximation

of weight of dam at conception. 725 such observations were

recorded. One observation occurred at a weight of dam

below 220 kg. The remaining 724 observations occurred

between 220-440 kg. Weights were divided into 20 kg

intervals between 220-440 kg, e.g. 300-320 was one such

interval, and the number of observations of dam weights in

each 20 kg interval recorded. Unpublished data of the HSE

indicate that heifers conceived at weights approximately

30 kg lighter than cows. Since in this thesis we are

primarily concerned with the time interval March,1975 through

June 1976 it was decided to eliminate the 167 observations

of weight of heifers at breeding. A new frequency distribu-

tion of 558 weights of dams at breeding was constructed.

In order to use this information to determine the

probability of a cow at a given liveweight conceiving it

was necessary to determine the total number of non-pregnant

cows available for breeding at each weighing of the HSE and

how many non-pregnant cows were in each 20 kg interval

between 220-440 kg, as well as how many were below 220 kg.

This was done for all weighings after June 1974. Therefore,

the first calving season of the heifers of the HSE was

eliminated. Cows in early lactation were also eliminated
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because of normal postpartum anestrus. The observations

of all non-pregnant cows not in early lactation were

divided into 20 kg intervals between 220-440 kg and the

number of observations in each interval recorded. The

interval 220 kg or below was also used and the number of

observations falling into that interval also recorded.

This distribution of cow weights broken down into intervals

was taken as the potential pool from which cows could con-

ceive. The number of dams in each weight interval at con-

ception was taken as the number of occurrences of breedings

which resulted in calvings 283 days later within each weight

interval. This number was then divided by the number of ob-

servations of non-pregnant cows not in early lactation in

that interval. The resulting value represents the number

of successful events in that interval (observations of cow

weights which resulted in a calf 283 days later) divided

by the total number of events in that interval.

This is the number of successful events per cow

observation in that interval. For ease in reading each

value was multiplied by 1000, so the value became the total

number of successful events in that interval per 1000 cow

observations in that interval. All calvings in the HSE

took place in the interval less than 220 kg to 440 kg. The

relative frequency of the number of cows who calved

successfully 283 days later per 1000 observations of

nonpregnant cows not in early lactation was computed.
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Since bodyweights were recorded at approximately two month

intervals, this is a probability for a two month period.

This table of relative frequencies represents the relative

frequency with which cows of a given weight interval were

being bred in the HSE. It should be remembered that in

the HSE continuous year round mating was practiced and bulls

were rotated among herds every 28 days. Therefore each

cow of each herd had an equal chance to be bred. The table

of relative frequencies per interval of bodyweight attempts

to explain the observed differences in fertility among cows

of the HSE solely in terms of their observed differences in

bodyweight. This is the central hypothesis to be tested

and validated in this section of the simulation. It is

hoped that the probability distribution developed is gener-

alizable to commercial herds of the Llanos.

Prediction of Calving Rates of the Herds of the HSE

Two kinds of calculations were made in predicting the

fertility of the cow herds of the HSE. The number of cows

in each of the four physiological states for each weighing

was determined. Cows in early lactation and late gestation

were assigned a probability of zero for conception in the

interval between one weighing and the next. Then the

probability distribution developed above was used to predict

the probability of cows of a given herd conceiving in the

next two month interval, given the known liveweights of
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dry cows and cows in, late lactation. For example, if Herd

3 had 15 dry cows with an average weight of 300 kg, 2 cows

in late lactation with an average weight of 250 kg, and 10

cows in late lactation with an average weight of 250 kg,

and 10 cows in late gestation or early lactation, the proba-

bility of cows conceiving in the next two months would be

equal to the probability of 15 cows at 300 kg conceiving

and two cows at 250 kg, conceiving. The number of cows

already pregnant at the beginning of a simulation period

must also be taken into account.

The second kind of calculation used first determined

the probability of cows in a given herd conceiving as

described above, then assigned calvings every two months

based on the probability calculations. For example, if the

probability that a cow weighing 300 kg conceives is .13,

then with the group of 15 cows above, we would expect two

cows to conceive during the two month interval and the

simulation would have them calve nine months later.

Validation of Calving Rate Predictions

All of the data of the HSE were used to develop a

probability distribution of cow liveweight at time of con-

ception. Therefore, any use of this distribution to predict

fertility of the individual herds of the HSE does not amount

to validation of this section of the model, but only to a

verification, because the data for each herd of the HSE is
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part of the pooled data set that was used to develop the

probability distribution.

Data were available from preliminary results of a new

series of breeding herd experiments begun at Carimagua in

1977. This experiment was the first effort in the history

of the Lianos to maintain cows on an adequate plane of

nutrition by allowing them limited access to improved pas-

ture during times of nutritional stress. This experiment

also included seasonal mating as one of the treatments

designed to match maximum forage production with the

maximal nutritional stress of lactation. Data from the cow

herds in this experiment with continuous mating were used

to validate the upper ranges of the probability distribu-

tion developed from the data of the HSE.

With the completion of this validation exercise the

simulation model predicting liveweight,changes of cows

given their starting liveweight and qualitative intake

and then predicting their calving rate given their liveweight

changes reached its final form. Three listings of_ the

model are found in Appendix Tables 54 to 56. These correspond

to listings for use on a Hewlett Packard HP 29 C calculator,

a Hewlett Packard HP 97 calculator, and a Fortran listing.

Experimentation with the Model

Once the model was validated it was possible to conduct

experiments with it with some confidence in the results,
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The major disappointment of the HSE was the failure of the

improved pasture treatments to produce any increase in

animal production. The reasons for this failure are discussed

below in the Results and Discussion section, With the

benefit of hindsight from results of the HSE experiment it

was possible to construct and simulate new treatments which

combined the inputs of the HSE in an optimal manner, An

examination of the treatments of the HSE showed that animals

with access to a mineral supplementation on native savanna

eight months of the year and on molasses grass from July-

November with early weaning will yield an optimal output.

Two new treatments of the HSE were simulated: minerals,

native savanna eight months of the year, molasses grass

July-November, normal weaning, and the same treatments with

early weaning. This was accomplished simply by taking the

cows of Herds 4-5 off of their pastures in July and making

the nitrogen and digestible organic matter available to

cows on molasses grass available to them until November and

then returning them to native savanna. The difference in

liveweight and fertility between the observed cows left on

native savanna year round and the simulated cows with

access to molasses grass from July and November estimates

the effect of using molasses grass in a strategic manner.
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RESULTS AND DISCUSSION

Reanalysis of the Herd Systems Experiment Data

Tables 3 to 10 list the least squares means for each

herd of the HSE (Herds 2-9) for each weighing from February

1974 through May 1977 within physiological status of cows.

Data are included for normally weaned cows only. Early

weaned cows were not included because there were only five

per herd with early weaned calves and it is illogical to

spread five observations per herd over three physiological

status cells. Pooled values for a hypothetical herd of

cows with early weaned calves are examined later in the

thesis.

Statistical tests were made on the two groups of data

for each weighing: Herds 2-5 weighed on a given date and

Herds 4-9 weighed on a given date. Mean squares for

each analysis as well as results of tests of significance

are presented in Appendix Tables 9 to 52. Tables 11 and

12 present the overall means for each weighing and their

standard errors. In the forty-four analyses--twenty-two

weighings of Herds 2-5 and twenty-two weighings of Herds

4-9, respectively--the main effect of physiological status

was highly significant in 42 runs and significant in

one run. The differences among physiological states were

not statistically significant in one run. Differences

between reading down a given column of tables (the same
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Table 3 . Herd 2 of HSEa. Least-squares means for
cow weights within physiological status.

Date of
weighing Dry Late

gestation
Early

lactation
Late

lactation

2/74 281.8 323.5

kg

4/74 287.3 317.9 283.5
6/74 324.0 335.9 307.7
7/74 328.5 347.1 302.2
9/74 320.6 335.4 271.0 270.6

11/74 322.7 350.9 275.5 274.9
1/75 280.0 341.7 277.9 257.4
3/75 262.6 304.8 273.5 243.7
5/75 293.3 374.2 290.6 293.1
7/75 309.1 339.0 350.9 307.2

9/75 305.4 323.2 335.0. 292.9
11/75 296.6 332.4 279.7 294.9
12/75 305.8 328.7 280.4 308.7
3/76 312.6 343.5 290.8 272.5
4/76 320.5 353.4 297.0 294.0

6/76 344.7 377.1 310.0 310.6
8/76 319.2 359.9 298.2 281.7

10/76 312.0 334.8 302.4 295.0
12/76 357.3 375.0 337.2 337.6
1/77 317.8 351.0 396.0 300.5

3/77 317.7 380.3 251.7 294.6
5/77 323.6 305.9 286.7

a/ Cows with calves weaned at nine months of age only.
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Table 4. Herd 3 of HSEa. Least-squares means for
cow weights within physiological status.

Date of
weighing Dry Late Early Late

gestation lactation lactation

2/74 260.1 294.0

kg

4/74 265.2 288.0 245.2
6/74 287.7 322.5 265.4
7/74 290.0 295.0 259.2
9/74 306.3 321.1 257.1 256.0

11/74 300.2 356.8 281.5 244.9
1/75 305.8 343.1 303.3 269.5
3/75 276.0 306.4 267.5 240.1
5/75 281.6 338.0 280.4 282.6
7/75 292.5 325.3 312.6 284.4

9/75 301.5 318.8 315.5 281.4
11/75 313.9 329.9 301.6 264.3
12/75 322.0 324.9 271.4 281.7
3/76 290.2 337.6 296'.2 280.7
4/76 284.7 321.2 281.0 277.5

6/76 297.4 349.7 297.1 287.7
8/76 303.9 350.6 292.8 281.2

10/76 336.7 381.3 327.1 304.3
12/76 321.6 370.4 320.8 322.4
1/77 289.5 365.5 304.8 297.9

3/77 262.3 338.2 256.2 271.3
5/77 333.5 318.3 322.1

a/ Cows with calves weaned at nine months of age only.
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Table S. Herd 4 of HSEa. Least-squares means for
cow weights within physiological status.

Date of
weighing Dry Late Early Late

gestation lactation lactation

2/74 320.6 352.6

kg

4/74 324.5 340.5 321.9
6/74 351.7 364.4 311.3
7/74 363.1 380.5 287.8 323.6
9/74 376.9 391.0 315.3 298.9

11/74 326.1 378.0 373.3 334.4
1/75 304.5 398.6 342.9 313.8
3/75 305.5 351.0 330.9 318.0
5/75 307.9 335.0 309.8 303.7
7/75 340.9 353.5 345.6 326.8

9/75 337.5 340.4 338.8 317.7
11/75 331.0 361.4 314.6 299.7
12/75 348.4 358.9 311,2 305.3
3/76 337.9 373.9 307.0 308.6
4/76 335.6 373.6 313.8 291.0

6/76 354.6 410.9 354.4 328.2
8/76 365.9 387.1 369.3 305.5

10/76 355.4 420.1 392.3 374.6
12/76 366.0 419.3 399.1 394.0
1/77 369.2 405.5 373.4 392.7

3/77 354.3 386.9 324.3 345.0
5/77 394.9 337.2 329.2

a/ Cows with calves weaned at nine months of age only.
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Table 6. Herd 5 of HSEa. Least-squares means for
cow weights within physiological status.

Date of
weighing Dr y

Late
gestation

Early
lactation

Late
lactation

2/74 311.9 344.5

kg

4/74 309.1 320.4 297.4
6/74 347.1 358.5 301.7 -

7/74 363.7 371.8 284.4 288.8
9/74 361.6 375.1 300.0 283.6

11/74 352.2 425.0 369.0 329.8
1/75 309.7 407.7 333.9 313.7
3/75 293.1 347.2 327.7 309.2
5/75 312.8 335.0 309.8 303.7
7/75 323.0 361.7 340.2 316.6

9/75 331.1 334.9 328.7 311.9
11/75 325.1 355.2 315.8 298.0
12/75 333.7 373.7 318.6 319.0
3/76 329.3 363.9 301.1 291.7
4/76 353.6 385.8 337.8 303.2

6/76 338.5 413.7 348.7 327.0
8/76 327.9 391.3 357.3 304.6

10/76 362.5 324.4 395.5 362.7
12/76 373.9 416.1 376.8 362.5
1/77 356.0 396.1 380.7 357.7

3/77 329.7 374.4 329.5 327.3
5/77 361.0 337.2 329.2

a/ Cows with calves weaned at nine months of age only.
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Table 7. Herd 6 of HSEa. Least-squares means for
cow weights within physiological status.

Date of
weighing Dry Late Early Late

gestation lactation lactation

2/74 332.6 345.3

kg

4/74 330.2 349.0 313.0 =1.

6/74 351.6 361.0 316.1 -

7/74 366.0 368.4 300.1 370.5
9/74 405.2 395.8 330.1 316.5

11/74 381.8 432.8 317.1 300.5
1/75 314.0 399.7 303.8 309.7
3/75 272.5 355.7 292.5 263.2
5/75 311.2 354.3 305.2 298.2
7/75 3T4.6 357.0 355.2 313.4

9/75 331.1 340.9 325.3 313.6
11/75 339.7 366.3 308.3 293.9
12/75 334.7 384.5 323.9 314.2
3/76 333.6 356.2 310.7 272.8
4/76 299.0 364.7 289.7 258.6

6/76 317.6 398.4 338.5 299.2
8/76 321.9 343.8 320.4 276.1

10/76 346.5 394.3 351.2 311.2
12/76 364.4 404.1 332.1 307.7
1/77 326.3 388.9 330.5 321.5

3/77 293.8 345.6 270.8 276.8
5/77 333.0 303.4 292.6

a/ Cows with calves weaned at nine months of age only.
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Table 8. Herd 7 of HSEa. Least-squares means for
cow weights within physiological status.

Date of
weighing Dry

Late
gestation

Early
lactation

Late
lactation

2/74 324.6 360.6

kg

4/74 338.4 361.7 331.0
6/74 353.8 356.2 319.3
7/74 368.0 379.8 306.2 381.9
9/74 394.6 396.2 340.5 319.9

11/74 355.9 386.3 323.6 306.9
1/75 303.8 387.4 308.8 305.6
3/75 294.9 375.5 305.7 283.0
5/75 313.8 353.3 295.7 302.3
7/75 310.2 338.9 360.5 313.7

9/75 331.2 337.4 329.1 313.1
11/75 350.9 377.6 312.4 300.9
12/75 345.2 365.6 312.2 296.3
3/76 346.0 376.0 326.4 299.6
4/76 319.7 391.2 304.4 285.2

6/76 331.4 393.2 341.8 298.1
8/76 348.8 379.9 362.2 298.4

10/76 341.0 391.7 349.6 324.8
12/76 333.7 384.5 331.6 316.3
1/77 340.5 399.2 324.2 357.5

3/77 325.2 363.9 272.4 289.9
5/77 366.1 318.0 312.2

a/ Cows with calves weaned at nine months of age only.
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Table 9. Herd 8 of HSEa. Least-squares means for
cow weights within physiological status.

Date of
Dr y

Late Early Late
weighing gestation lactation lactation

2/74 327.7 351.7

kg

4/74 277.0 307.8 246.9
6/74 350.3 350.2 302.6
7/74 371.8 359.0 283.4 251.2
9/74 378.9 416.7 304.2 270.8

11/74 387.5 460.0 300.6 275.6
1/75 309.7 366.7 346.5 293.4
3/75 332.3 366.1 355.4 313.6
5/75 291.9 342.5 268.8 253.1
7/75 319.8 368.2 322.2 292.9

9/75 340.8 351.8 324.7 308.0
11/75 391.4 444.5 370.0 348.2
12/75 318.6 385.3 305.6 291.7
3/76 273.0 313.9 285.2 229.4
4/76 281.7 319.1 279.8 241.3

6/76 320.6 396.9 324.8 324.7
8/76 308.3 360.8 327.4 307.5

10/76 349.5 456.9 367.5 332.0
12/76 352.6 424.3 341.2 326.1
1/77 301.7 370.6 343.9 282.7

3/77 277.2 319.4 284.1 245.3
5/77 327.5 313.9 304.1

a/ Cows with calves weaned at nine months of age only.
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Table 10. Herd 9 of HSEa. Least-squares means for
cow weights within physiological status.

Date of
weighing Dry Late Early Late

gestation lactation lactation

2/74 317.8 349.8

kg

AO%

4/74 321.4 356.4 300.8
6/74 363.9 363.9 313.3
7/74 361.7 363.1 284.3 281.3
9/74 362.5 411.4 312.4 274.7

11/74 361.0 412.8 304.5 279.7
1/75 289.5 342.5 340.4 276.8
3/75 361.0 378.9 367.6 331.5
5/75 329.4 372.8 301.1 288.8
7/75 347.7 383.4 360.7 326.4

9/75 352.3 356.9 340.0 319.0
11/75 394.4 447.7 365.8 347.0
12/75 349.2 386.4 314.0 293.8
3/76 307.2 349.5 316.7 271.9
4/76 302.3 345.5 294.4 267.8

6/76 366.4 424.6 356.7 352.3
8/76 363.9 416.0 378.2 348.7

10/76 365.5 475.6 387.4 367.0
12/76 371.5 454.4 390.5 384.4
1/77 344.1 409.1 365.9 347.0

3/77 321.2 360.0 268.5 285.9
5/77 368.4 336.4 331.6

a/ Cows with calves weaned at nine months of age only.
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Table 11. Herds 2-5. Least-squares means for cow weights.

Date of
weighing Mean

Residual
standard
deviation

Number of
observations

Standard
error

-kg- -kg-

2/74 311.0 28.4 135 3.6
4/74 302.3 28.0 132 3.5
6/74 312.7 32.6 131 4.3
7/74 311.4 36.2 131 5.7
9/74 295.6 37.9 131 6.1

11/74 321.5 39.9 132 6.1
1/75 313.0 35.7 129 5.0
3/75 287.6 30.8 127 4.4
5/75 312.7 37.0 126 5.5
7/75 322.2 34.8 126 5.3

9/75 318.4 32.2 126 5.5
11/75 311.4 35.8 129 5.2
12/75 326.0 39.3 129 5.7
3/76 315.2 36.0 129 4.7
4/76 317.1 34.9 129 4.7

6/76 330.5 37.4 127 5.0
8/76 324.3 39.8 127 5.5

10/76 339.5 42.1 126 5.6
12/76 352.8 43.7

r

127 5.8
1/77 333.2 39.4 123 5.2

3/77 306.8 37.2 122 5.1
5/77 323.0 40.0 122 5.4
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Table 12. Herds 4-9. Least squares means for cow weights.

Date of
weighing Mean

Residual
standard
deviation

Number of
observations

Standard
error

-kg- -kg-

2/74 335.6 29.2 210 3.1
4/74 315.8 28.2 203 2.9
6/74 325.4 31.1 202 3.5
9/74 322.6 33.6 202 4.3
9/74 325.2 38.6 202 5.3

11/74 354.4 39.3 203 5.2
1/75 340.5 38.5 202 4.5
3/75 310.3 34.3 202 4.1
5/75 328.3 33.8 199 3.9
7/75 340.2 35.3 201 3.8

9/75 336.0 32.7 199 3.7
11/75 336.9 33.3 201 3.9
12/75 342.9 36.1 203 3.9
3/76 329.2 34.9 200 3.5
4/76 319.2 35.2 198 3.6

6/76 342.9 39.5 195 4.1
8/76 339.4 45.0 196 4.8

10/76 358.6 45.3 196 5.3
12/76 356.6 41.7 196 4.7
1/77 340.2 39.7 196 4.6

3/77 303.0 37.1 188 4.1
5/77 325.8 37.1 190 4.1
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physiological status on different dates) versus reading

across rows (different physiolgocical states on the same

date) are often very dramatic. These tables of least squares

means, with the HSE data classified and analysed according

to herd, date of weighing, and physiological status, will

be used in the simulation to map from one weighing to the

next.

Lebdosoekojo Data

All estimates of qualitative forage intake used in

this thesis were taken from a study done by Lebdosoekojo

(1977). The nitrogen and digestible organic matter intake

values obtained from that study are shown in Tables 16-31.

Special note should be taken of the values Lebdosoekojo

obtained for nitrogen content of ingested pasture. Crude

protein equivalent [N content x 6.25 (NRC, 1970)] in the

forage never fell below 7% (DM basis) and was in the range

of 9-10% after burning of the savanna and during part of

the rainy season. According to Lebdosoekojo the nitrogen

content of the native grass during the dry season (1.52%

or 9.5% crude protein) and of molasses grass in the late

rainy season (1.5% or 9.38% crude protein) was adequate to

meet the needs of lactating cows. Only in three samples

taken at the peak of the dry season, one on molasses grass

and two on native savanna, were nitrogen levels below the

requirements of dry nonpregnant cows.
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This is a surprising finding because one of the stan-

dard dogmas of tropical pastures research is that nitrogen

is the prime limiting nutrient during the dry season

(McDowell, 1972; van Nierkerk, 1975). Lebdosoekojo's

results indicate that this view is oversimplified. It

fails to take into account the practice of burning native

savanna during the dry season and the subsequent regrowth

of high quality forage (Paladines, 1975). More importantly,

many results presented to show low levels of nitrogen in

tropical savanna grasses during the dry season (Cunha et

1971; Grossman et al., 1966) are obtained from clipping

studies of the pasture. That is, they also fail to take

into account the high level of selective grazing that

occurs under extensive grazing conditions. Due to the

burning of the native savanna and to selective grazing,

cows are able to select a relatively constant level of

energy and a surprisingly high level of nitrogen in their

forage throughout the year. It is a fundamental hypothesis

of this thesis, based on the data of Lebdosoekojo, that

the low quality of forage during the dry season has been

inaccurately reported by researchers using clipping trial

data from unburned pastures. The problem of nutritional

stress--especially on native savanna--may be due to low

forage availability, due to limited regrowth of burned

savanna during the dry season, and not to low forage

quality. This hypothesis is a major part of the model

constructed in these pages.
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Reparameterization of the Seibert and

Hunter Equations

Table 13 shows the results obtained for correcting the

Seibert and Hunter equations for effects due to burning

of native savanna, compensatory gain, phosphorus and other

mineral deficiency, and lactation and late gestation

stresses.

Burning Effects

Values for burning effects, B, for reduction of main-

tenance requirements during compensatory gain, C, and for

increased intake, I, were fitted simultaneously, using

data for dry cows of Herds 4-5 of the HSE. The initial

best estimate of B was .5, but this yielded output of

heavy weight losses which did not correspond to the data.

The computer search technique of centering on a best value,

fitting a triangular distribution of upper limit, central

value, and lower limit, moved the central value for B

steeply upward from .5 until, after some fine- tuning, the

best fit with the data was found to be for B = .89. Since

all these correction terms are multiplicative the fitted

value for B means that cows suffered an 11% decrease in

their voluntary intake of pasture in the weeks immediately

following burning the native savanna due to their physical

inability to spend more hours grazing the high quality but



Table 13. Reparameterization of Seibert-Hunter equations.

Parameter Value Modifies When to Use

B .89

1.05

Intake (ME)

Intake 04E)

Two month interval after burning native
savanna.

Early rainy season on native savanna. Early
and/or late rainy season on molasses grass.

C .955 Maintenance (MM) Same.

P .90 Intake (ME) Animals without mineral supplementation.

ELAC1 1.2 Intake (ME) Cows during first 100 days of lactation.

ELAC2 1.4 Maintenance (MM) Same.

LLAC1 1.2 Intake (ME) Cows during remainder of lactation after
first 100 days.

LLAC2 1.32 Maintenance (4M) Same.

LGEST 1.05 Maintenance (MM) Cows during last trimester of pregnancy.
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sparse regrowth of the savanna. This limiting factor is

considerably less severe than assumed before these first

simulation runs. However, not all of each pasture was

burned at one time, but, usually one year and the remainder

the following year. This is a standard burning practice in

the high savannas of the Llanos and is done to accumulate a

sufficient amount of dry material to ensure athorough burn.

Therefore, cattle always had access to oldgrowth savanna

as well as newly burned savanna. it is a common observation

in the Llanos that cattle will congregate on newly burned

pasture and ignore other pastures in favor of it. Cattle

commonly congregate on the burned savanna before any re-

growth has occurred and avidly consume the ashes from the

burn. This is particularly so in the mineral deficient

herds. But, in the FMB, cows passed through oldgrowth

savanna to and from watering and shade-areas. It is reason-

able to assume that some oldgrowth savanna was consumed.

Also the correction factor B is fitted for data over a two

month period after the burning. The greatest nutritional

stress will occur in the first few weeks after burning and

will be diminished considerably after two months, particu-

larly if there is any rain following a burn. Another

important factor is that cows from Herds 4 and 5 rotated

between pastures 4 and 5 at Carimagua. Pasture 5 contained

a considerable amount of bajo or semi-innundated lowland

which offered a relatively high quality forage during the
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dry season. With bajos available, the nutritional stress

of limited forage availability is lessened.

The subject of nutritional stress following periods of

burning has not been reported on at all in the literature.

In fact, researchers tend to ignore this basic and universal

management practice and postulate incorrectly a nutritional

stress due to protein deficiency based on clipping studies

from unburned savanna. It has been a fundamental hypothesis

of this research that lack of forage quantity is the prime

limiting factor during the dry season after burning. The

correction factor B, is necessary to limit intake in the

Seibert and Hunter equation, because the nitrogen values we

have for selective grazing show a high level of nitrogen.

Without this correction factor simulated animals would gain

far in excess of observed data. It is hoped that the condi-

tions of the HSE--burning half the savanna each year and

access to some bajos--are common enough in the Llanos to

allow generalization of these experiment station results to

field conditions.

Compensatory Gain

Values obtained for correction for periods of compen-

satory gain were C = .955 and I = 1.05. C is a multiplica-

tive factor which corrects for decreased maintenance require

ments during periods of compensatory gain and °I is a correc-

tion factor which increases voluntary intake during periods

of compensatory gain.
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Under the conditions of the HSE and of the Llanos in

general cattle can lose up to 25-30% of their body weight

during the dry season and then have a rate of compensatory

gain approaching 75% during the rainy season (Paladines

and Leal, 1978). That is, compensatory gaining cattle in-

creased their weight by 1.75 kg for every 1 kg gained by

cattle of similar age and weight which did not lose weight

during the dry season. This was especially true with cows

in Herds 8-9 where heavy weight losses occurred during the

dry season on molasses grass. A literature search was con-

ducted to form an hypothesis to explain compensatory growth

and then the hypothesis was transformed into quantitative

correction factors of the Seibert and Hunter feed intake

equations.

Sheehy and Senior (1942) postulated that compensatory

growth was due to the deposition of more protein and less

fat during recovery. Ashworth (1969) suggested that in-

creased food intake was partially responsible for compen

satory growth. Meyer and Clawson (1964) and Meyer et al.

(1965) found that there was an increase in energy utiliza-

tion independent of feed intake during compensatory growth.

Fox et al. (1972) conducted a 23 factorial experiment with

Hereford steers to determine if there were a simultaneous

increase in feed intake and efficiency of energy and protein

utilization during compensatory growth. The three factors

were plane of nutrition (five or six months' maintenance,

then full feed, versus continuously full fed); energy
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source (high or medium), and slaughter weight (364 or 454

kg).

Results indicated that compensatory-gaining steers

made gains significantly higher in protein than full-fed

steers during the first part of compensatory gain and sig-

nificantly higher in fat later on. Compensatory gaining

steers gained significantly faster and required significantly

less feed per kg of gain during the period of full feeding

than continuously full-fed steers. Feed efficiency for

compensatory steers was 1.3 times full-fed steers on the high

energy ration and 1.37 times higher on the medium energy

ration. Dry matter intake on both rations was nearly the

same. Plasma urea nitrogen levels were also significantly

lower than full fed steers, indicating that during the

period of compensatory growth, compensatory steers were

more efficient in utilizing nitrogen from their feed.

Overall, Fox et al. (1972) found that steers restricted

and then full-fed required more time to reach 454 kg than

continuously full-fed steers but that the total energy and

protein required to reach this weight were similar to con-

tinuously full-fed steers. This could only occur if the

maintenance requirements of the compensatory steers were

less for a portion of this period and/or efficiency of

utilization of feed for gain were higher. Later research

by Fox et al. (1974) indicated that compensatory steers

had lower thyroid secretion rates during the period of
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restriction and during the first part of the full-feeding

period. Afterwards, thyroid secretion rates increased to

or above the level of controls. These changes suggest that

there was a lower energy requirement for maintenance during

the period of energy restriction and the first part of the

full feeding period, thus contributing to the ability of

the cattle to utilize energy and protein more efficiently

when placed on full feed.

It is not known how patterns of compensatory gain

under extensive tropical grazing conditions compare to these

controlled experiments in temperate zones. A search of

the literature did not reveal any comparable studies with

tropical breeds of cattle under tropical environmental

conditions, especially extreme patterns of weight loss and

recovery. However, it is reasonable to assume the existence

of similar physiological processes. To model the effect

of compensatory gain in this simulation we have assumed

that maintenance requirements are lower than for similar

animals without compensatory gain. This was the theoretical

basis for postulating a correction factor C for decreased

maintenance during compensatory gain in the early or late

rainy season, depending on the type of pasture in question.

It is a common observation that cattle readily consume

the lush green savanna that grows rapidly after rains begin

in April. The same is true for molasses grass later in the

rainy season. For this reason the finding of Ashworth
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(1969) that animals in compensatory gain increase their

voluntary intake was used as the theoretical basis for

the correction factor, I, which increases voluntary

intake during periods of compensatory gain.

The model that was fitted to data for Herds 4-5 of

the HSE produced simulated output that closely corresponded

to the observed data when the difference between decreased

maintenance and increased voluntary intake was at the

correct level. That is, the model basically works on the

difference between intake and maintenance requirements to

predict gain and cannot evaluate intake and maintenance

separately. Therefore the fitted model and the later

validations do not provide a validation for the correction

factors separately, but only for their joint effect. There

are an infinite number of combinations of I and C that will

produce the same output for I = 1.05 and C = .955; these

specific values were chosen as a best subjective estimate

to represent the joint effect of increased intake and

decreased maintenance requirements. It is hoped that in

the future additional data will :become available on actual

quantitative intake of animals under Llanos conditions so

that validation of I and C separately will be possible.

The finding of Fox et al. (1972) that plasma urea

nitrogen levels were lower for compensatory gaining steers

versus normally gaining controls provided an intriguing

hypothesis about nitrogen retention during compensatory
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growth. In early runs of the model attempts were made to

fit correction factors to the qualitative nitrogen intake

data, adjusting "effectively retained nitrogen" upward

during compensatory growth. However, in combination with

lowered maintenance and increased intake, even a small

correction for nitrogen produced unrealistically high

weight gains and this hypothesis was abandoned. This

exercise plus other information discussed below provided

evidence that some of the nitrogen data available from

the hand pluck gathering technique probably were too high.

Lactation Effects

Results for corrections for increased intake and

maintenance requirements during late pregnancy and lacta-

tion were ELAC1 = 1.2, ELAC2 = 1.4, LLAC1 = 1.2,

LLAC2 = 1.32, and LGEST = 1.05, where ELAC1 corrects for

increased intake during early lactation, ELAC2, for in-

creased maintenance during early lactation, LLAC1 and

LLAC2, for increased intake and maintenance, respectively,

during late lactation, and LGEST for increased maintenance

during late gestation.

With the data available from the HSE the fitted

model could be tested only against observed average gains,

and hence liveweight changes. Gain is a complex function

of the difference between intake and maintenance. As was

the case with compensatory gain, the model was fitted on

the basis of the difference between values for ME and MM,
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and therefore the joint effect of correction factors which

alter intake and maintenance simultaneously. The individual

values for the simultaneous corrections of intake and main-

tenance for early and late lactation were not verified in-

dependently of each other but jointly. They were left in

the model as separate correction factors in the hope that

future data on actual quantitative intake of lactating cows

will become available to allow independent validation.

The values of these correction factors for lactation

and gestation have enormous practical importance for the

management of breeding herds in the Llanos. They hypo-

thesize increased maintenance requirements due to lactation

and late gestation and a ceiling on increased intake. With

the exception of the best seasons of the year--early rainy

season for native savanna and late rainy season for molasses

grass--lactating cows lose weight. Dur.ing the dry season

they lose weight rapidly. As a result of this large weight

loss lactating cows often require a year or more to regain

sufficient condition to breed again, and the typical alternate

year calving pattern (Stonaker, 1975; Raun, 1976) is estab-

lished. A central goal of research in the Llanos is to break

this alternate year calving cycle by supplying the required

nutrients during lactation to stop severe weight losses

which prevent rebreeding on a yearly basis. These fitted

values for increased maintenance requirements and intake

during lactation and late gestation provide a valuable
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quantitative hypothesis to use as a management tool in

deciding how best to bridge the present gap between increased

maintenance on the order of 40% during early lactation and

increased intake only on the order of 20%. These correction

factors, along with data presented below relating liveweights

of cows to fertility levels, are the two most important

results to emerge from this simulation exercise.

That cows change their nutritional needs during

lactation and late gestation is a universally accepted

principle of animal husbandry and needs no documentation.

It is interesting, however, to compare results obtained from

the temperate zone to these from tropical conditions. Pooled

values from both National Research Council (1976) and

Agricultural Research Council (1965) tables of nutrient

requirements show an increase in maintenance requirements

of around 60% for temperate zone beef cows during early

lactation. This increase allows both for maintenance and

the needs of lactation. The lactating cow will either

maintain its body weight or lose a small amount of weight

during early lactation. This value provided the starting

point for computer runs to fit values for ELAC1 and ELAC2.

The model produced results consistent with the available

data when there was a difference of 20% between increased

maintenance and intake during early lactation. This meant

that simulated cows would have had to increase their

voluntary intake by 40% to match observed weights. This
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40% increase in voluntary intake was felt to be unrealis-

tically high under the conditions of the Llanos, and it was

held to a maximum of 20% for both early and late lactation.

This produced increased maintenance requirements some 20%

lower than those predicted by the NRC and the ARC for

lactating cows. Given the environmental stresses that cows

of the Llanos are subject to, especially the mineral

deficient herds, it is reasonable to suppose that their

milk production and hence lactation needs will be lower

than temperate zone beef cows. No information is available

on milk production for commercial beef cows in the Llanos.

This is a serious gap in our knowledge of the production

system. It was mainly for this reason that no attempt was

made to simulate the calves of the HSE.

Mineral Deficiency

Results obtained for the correction factor for herds

without access to a complete mineral supplementation were

P = .9. This applied to Herds 2-3 of the HSE. As pointed

out in the section on Materials and Methods, the Seibert

and Hunter equations were partly selfcorrecting for mineral

deficiencies because intake was predicted as a function

of metabolic weight, and cows without minerals in the HSE

had bodyweights approximately 30 kg lighter than comparable

cows with access to minerals. The correction factor P is



125

a damping effect to prevent cows from gaining faster than

observed data warrants. But it is a damping factor of

extreme importance. The most dramatic result of the HSE

is the difference between Herds 2 and 3 (salt only) and

Herds 4 and 5 (salt + minerals'. Unpublished data from

the HSE show that all production measures: cow weights,

cow fertility, cow survival, calf weight, and calf sur-

vivability, were higher (p<.01) for Herds 4 and 5 compared

to Herds 2 and 3. Mineral supplementation was the one

improved management practice of the HSE which unequivocably

produced dramatic increases in production. This is dis-

cussed in more detail below when the simulated output for

Herds a and 3 and Herds 4-S are compared.

The mineral status of cows under the acid soil low

phosphorus conditions of the Llanos is very complex and

has not been studied in any great depth: Phosphorus has

been singled out as the most limiting mineral CCIAT, 1974,

J975 1916, 1977, 197814 and the low weight gains high

number of abortions, and low fertility of mineral deficient

herds is assumed to be due primarily to acute phosphorus

deficiencies. Lebdosoekojo (1977) focused on phosphorus

as the chief deficient mineral. He concluded that except

for molasses grass during the late rainy season, phosphorus

levels for cows of the HSE during 1975-76 were lower than

the requirement for dry pregnant cows and neither grass in
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any season could meet the requirements of lactating cows.

The mineral supplement fed to cows in Herds 4-9 was a com-

plete mineral mix, so it is not known with certainty if

phosphorus was the sole limiting mineral which caused the

depressed production of Herds 2 and 3 or a more complex

condition of mineral imbalance or trace mineral deficiency

exists which has not yet been documented.

The problem of phosphorus deficiency in range cows is

widespread in both tropical and temperate zones and it

has been the subject of numerous studies. McDowell and Conrad

(1977) reported phosphorus deficiencies in rangelands of

virtually all Latin American countries for which documen-

tation exists. The National Research Council (1970) states

that adequate phosphorus is necessary for the proper func-

tioning of rumen microorganisms, and that phosphorus

deficiency will reduce efficiency of energy utilization and

decrease voluntary intake. Maynard and Loosli (1969) report

that a phosphorus deficiency has the specific effect of

causing loss of appetite. In brood cows, Maynard and Loosli

report irregular estrus or even complete cessation of estrus

under conditions of extreme aphosphorosis. Church et al.

(1974) conclude that phosphorus deficiency will result

in reduced feed intake and infertility. Church et al. also

state that low phosphorus intake is often associated with

low protein intake so that a deficiency of one is often

compounded with a deficiency of the other. Little (1970)
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has also reported a depression of voluntary feed intake as

the most important single feature of the aphosphorosis syn-

drome. Depression of reproductive performance is also

reported, but Little believes that this is caused more by

associated low protein levels, than by frank phosphorus

deficiency alone.

In this simulation, adequate results were obtained

by limiting intake by .9 for animals without access to a

complete mineral supplement.

Sensitivity Analysis

Table 14 shows the results of a sensitivity analysis

conducted at two stages of the reparameterization of the

Seibert and Hunter equations. Table 15 lists the initial

conditions for the analysis. The initial conditions were

chosen as representative of much of the-data when fairly

good pasture was available and dry cows were gaining weight.

The purpose of the sensitivity analysis was to examine the

effect of changes in the main driving variables of the

model (nitrogen intake, crude protein and digestible

energy values used to calculate the energy concentration

of the ration, observed liveweight of the animal, age, and

the correction factors for burning, compensatory growth and

mineral deficiency) on the output from the simulation

model. As the term implies the main goal of this exercise

was to determine which variable was the most important or



Table 14. Sensitivity analysis of feed intake-maintenance-growth equations.

Change in Units of
driving variables

Change in Units and Percent Change of Corresponding
Dependent Variablesa

Intake Maintenance Real daily Predicted DM
requirements gain daily gain intake

Mcal/day kg

1 Nitrogen 3.82 .417 2.31
(g/100g OM) (29.00) (139.00) (27.00)

1 crude protein .01 .004 .05
(g/100g DM) (.09) (1.00) (0.60)

1 Digestible Organic .03 .010 .17
Matter (g/100g OM) (.30) (3.00) (2.00)

10 Liveweightb .167
d

.31 .26 .003 .20
(kg) (2.48) (2.50) (50.0) (0.70) (2.40)

30 Age .17 -.020
(days) (1.60) (6.00)

B
c

1.47 _ .182 .93
(11.00) (54.00) (10.90)

I,Cc .67 .47 _ .142 .43
(5.00) (4.50) (42.00) (5.01)

P 1.34 .166 .84
(10.00) (48.70) (9.90)

a/ Percent changes of dependent variables from initial values are in parentheses
1/ Corresponds to an error in measurement
E/ Corresponds to changing B,I,C or P from 1 to their fitted value. B= .89,

I= 1.05, ,C= .955, P= .9. I and C always change value simultaneously
d/ Calculated on the basis of a 60 day interval and zero error in previous weight

measurement, where previous weight = 300 kg. oNo



Table 15. Initial conditions of sensitivity analysis

LW = 320 kg Predicted daily gain = .340

Age = 1550 days Intake = 13.39

N = 1.6 Maintenance = 10.64

CP = 8.0 Intake (DM) = 8.47

DOM = 45 Physiological status = dry

ME/DM = 1 . 5 8 B = I = C = P = 1
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the most "sensitive", that is, which changed the output

most dramatically when it changed. This is very useful

information to have in evaluating a simulation model. For

example, nitrogen intake is by far the most sensitive

variable in this example. This indicates that in gathering

data, more attention must be paid to accurate collection of

nitrogen than to energy content. The sensitivity analysis

also provides another test to determine if the model is

performing within the bounds of biological reality. With

a change of 1% nitrogen intake average daily gain predicted

by the model changes by 139%, given the initial conditions

of the analysis. Forage would change from 8% crude protein

to 14% crude protein. Is it realistic to assume more than

a doubling of average daily gain when forage changes from

8 to 14% crude protein and voluntary intake increases by

nearly a third? The answer is that it .1.s very much within

the bounds of biological reality to assume such an increase

in animal performance and the simulation model passes this

test.

Nitrogen is highly sensitive in the feed intake equa-

tion because it is acting as an indicator variable for

energy content of the forage as well The Seibert and

Hunter use of nitrogen as their main driving variable rests

on the assumption of a very high correlation between

nitrogen content and digestible organic matter. This has

been extensively documented by CSIRO (Edye et al.,
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1971) under the subtropical environmental conditions where

the Seibert and Hunter equations were developed. This cor-

relation holds for the Lebdosoekojo data used in this

simulation as well. There is almost a perfect correlation

between energy concentration values (ME /DM) calculated by

the Golding formula and the qualitative nitrogen intake

data. It is important to remember that the nitrogen intake

data and its high sensitivity measure both the protein

quantity of the forage and, because of its high correlation

with digestible organic matter, the energy content as well.

Failure to recognize this grossly exaggerates the importance

of protein in the diet and undervalues the need for suf-

ficient energy.

Crude protein and digestible organic matter measure-

ments are much less sensitive in this simulation because

they are used to calculate the energy cancentration value

of the forage and this value CECONC) functions in the simu-

lation as a correction factor for maintenance and hence

gain. Results for CP and DOM show the model to be

relatively insensitive to this correction factor. This is

not to contradict the statement that nitrogen is overwhelm-

ingly important in the model as a measure of both energy

and protein. The crude protein and DOM measurements in the

sensitivity analysis were made holding nitrogen constant.

In that sense, the model is not very sensitive to the cor-

rection factor for ECONC. If nitrogen were also varied the
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results would be much more sensitive. The purpose of this

calculation was to measure the importance of ECONC as it

functions in the model separately from the overwhelming

importance of nitrogen content.

Liveweight was varied by 10 kg in the sensitivity

analysis to represent possible differences in fill of

animals or incorrect calibration of the scale. The results

illustrate a methodological problem in simulation research.

A difference in 10 kg bodyweight makes little difference

to the simulated output but it makes a difference of 50%

in observed daily gain over a two month period. The methodo

logical difficulty arises in the procedure of fitting or

validating a model by comparing real vs. simulated average

daily gains. It is important to note that the real data

inevitably have errors, and caution should be used in

attempting to fit a model too closely to the observed data.

In this research no attempt was made to reproduce the exact

values of daily gains obtained from the data. Fitting was

considered satisfactory when the correlation coefficient

between observed and predicted gain was maximized and when

a residual analysis of predicted on observed gain did not

reveal biases. A model fitted too closely to a set of data

loses its generality and predicting power.

The importance of age in the simulation was discussed

in Materials and Methods. As a result of the sensitivity

analysis it was decided to hold the age of cows constant at

their starting age over the 15 month period of simulation,
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because there was no reason to suppose that 4-5 year old

cows have maintenance requirements which change by 1.6% for

each 30 days increase in age.

The numerical values of B, I-C, and P are all similar

and the changes they made in the simulated data were also

similar. Intake was depressed by 10-11% by B and P and

increased by 10% by the combination of I and C. This caused

a change of 50% in simulated daily gain. It is an important

finding of this research that, given the relatively low

level of production of these grade Zebu cows, small changes

in intake result in large percent changes in animal per-

formance. This has important consequences for the economics

of implementing improved nutritional schemes.

Fitting the Model Against Herds 4-5

Tables 16-19 present the results of fitting the modi-

fied Seibert and Hunter equations against Herds 4 and 5 of

the HSE. Values for the correction factors B, I, and C were

obtained by fitting the model against dry cows of Herds 4 and

5. Lactation and late gestation correction factors were

obtained by fitting the model against cows in early lacta-

tion, late lactation, and late gestation, respectively, using

the values obtained for B, I, and C and then fitting correc-

tion factors for each physiological state. For each group of

cows within physiological status a Pearsonian correlation

coefficient was computed between observed and predicted



Table 16. Dry cows on native savanna with minerals (Herds 4-5

Time interval

Observed Data Simulated Data
Predicted

c Real daily Maintenance
Weighta N

b DOMC daily Intake
gain gain

requirements
DM

intake

kg kg Mcal/day kg

3/1/75- 4/30/75 299.3 1.41 49.65 .185 .239 12.05 10.33 7.01

5/1/75- 6/30/75 310.8 1.62 44.61 .360 .259 13.16 11.10 8.35

7/1/75- 8/31/75 332.0 1.34 42.94 .038 .064 12.75 12.19 8.47

9/1/75-10/30/75 334.3 1.22 43.78 -.207 -.201 10.97 12.69 7.17

11/1/75-11/30/75 328.1 1.60 42.44 .144 .102 13.65 12.78 9.07

12/1/75- 2/28/76 341.1 1.48 42.91 -.125 -.233 12.08 13.95 7.80

3/1/76- 3/31/76 333.6 1.60 46.92 .183 .171 14.51 13.16 8.76

4/1/76- 5/30/76 344.6 1.70 51.15 .033 .003 14.56 14.54 8.01

r
d

.95

pe < .001

a/ Weight at the beginning of each time period
F/ Grams of nitrogen/100 grams of organic matter
Z/ Digestible organic matter (g/100g of OM)
U/ Pearsonian correlation coefficient between real daily gain and predicted daily gain
Ti Probability that r 0.



Table 17. Early lactating cows on native savanna with minerals (Herds 4-5)a

Time interval

Observed Data Simulated Data
Predicted

Weightb Real daily
daily Maintenance DM

gaingain Int
a ke requirements intake

kg Mcal /day kg

3/1/75- 4/30/75 329.3 -.158 .069 15.52 15.01 8.92
5/1/75- 6/30/75 319.8 .385 .278 15.76 14.15 10.04
7/1/75- 8/31/75 342.9 -.152 -.030 15.67 15.92 10.89
9/1/75-10/30/75 333.8 -.310 -.273 13.16 15.42 8.43

11/1/75-11/30/75 315,2 .023 .106 15.89 14.95 10.45
12/1/75- 2/28/76 315.9 -.120 -.145 13.64 14.91 9.47
3/1/76- 3/31/76 304.1 .360 .144 15.46 14.32 9.78
4/1/76- 5/30/76 325.8 .430 .436 17.59 14.27 10.35

r
c = .89

p < .01

a/ N and DOM values are the same as for dry cows of Herds 4-5
F/ Weight at the beginning of each time period

Pearsonian correlation coefficient between real daily gain and predicted daily
gain

d/ Probability that r=0.



Table 18. Late lactating cows on native savanna with minerals (Herds 4-5)a.

Time interval

Observed Data Simulated Data
Predicted

eightb
Real daily

daily Itk Maintenance DMy naegain gain requirements intake

kg Mcal/day kg

3/1/75- 4/30/75 313.6 -.165 .177 14.97 13.66 8.71
5/1/75- 6/30/75 303.7 .300 .258 15.54 13.50 9.86
7/1/75- 8/31/75 321.7 -.115 .087 14.93 14.20 9.89
9/1/75-10/30/75 314.8 -.265 -.163 12.60 13.94 8.24

11/1/75-11/30/75 298.9 .443 .225 15.27 13.43 10.15
12/1/75- 2/28/76 312.2 -.133 -.033 13.56 13.83 8.75
3/1/76- 3/31/76 300.2 -.052 .155 14.44 13.27 8.70
4/1/76- 5/30/76 297.1 .5p8 .585 16.42 12.39 9.02

r = .83

p
d

.01

a/ N and DOM values are the same as for dry cows of Herds 4-5
Ti/ Weight at the beginning of each time period
C/ Pearsonian correlation coefficient between real daily gain and predicted daily

gain
d/ Probability that r=0.



Table 19. Cows in late gestation on native savanna with minerals (Herds 4-5)a.

Time interval

Observed Data Simulated Data
Predicted

Weightb Real daily
Intakedaily Maintenance DM

gain
gain requirements intake

kg Mcal/day kg

3/1/75- 4/30/75 349.1 -.235 .126 13.52 12.78 7.77
5/1/75- 6/30/75 335.0 .377 .283 13.94 11.59 8.88
7/1/75- 8/31/75 357.6 -.332 -.037 12.00 12.34 8.33
9/1/75-10/30/75 337.7 .343 .191 13.43 11.67 8.61

11/1/75-11/30/75 358.3 .267 .234 14.58 12.38 10.02
12/1/75- 2/28/76 366.3 .029 .018 12.74 12.57 8.85
3/1/76- 3/31/76 368.9 .180 .281 14.90 12.47 9.43
4/1/76- 5/30/76 379.7 .543 .537 16.44 12.04 9.67

r
c

= .84

P
d

< .01

a/ N and DOM values are the same as for dry cows of Herds 4-5
1/ Weight at the beginning of each time period
E/ Pearsonian correlation coefficient between real daily gain and predicted daily

gain
d/ Probability that r=0.
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daily gains. Results were r = .95 (p<.001) for dry cows

and r = .89, .83, .84 (p<.01) for cows in early lactation,

late lactation, and late gestation, respectively. Since

the model was fitted against this data the high correlation

coefficients obtained serve to measure only how close a

fit was obtained. No conclusions may yet be drawn on the

validity of the model.

Correlation coefficients obtained for non-dry cows

were from .06 to .12 lower than the value obtained for dry

cows. This was due to the fact that values for B, I, and C

were fitted against dry cows and then used for non-dry

cows. The lower values were also due to discrepencies

between observed and predicted daily gains during the period

March - April 1975 and March 1976. In March and April 1975

dry cows in Herds 4 and 5 were gaining at the rate of .185

kg/day while non-dry cows were losing ,158, .165, and .235

kg/day for early lactating, late lactating, and cows in

late gestation, respectively. The simulation model predicted

gains for all four classes of cows during this time period.

Similarly for March, 1976, cows in late lactation lost

weight while all other cows gained weight. Once again,

the model predicted all classes of cows to gain weight.

The problem here is that March and April are times of rapid

seasonal change. The dry season ends sometime during this

period after the first heavy rains. During March and April

1975 there was a combination of dry season weight loss and

early rainy season weight gain. The sample for qualitative
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intake of pasture was collected late in this period and

therefore was an early rainy season sample. With values of

1.41 grams of nitrogen per 100 grams of organic matter and

nearly 50% digestible organic matter the model tended to

predict weight gains, even after correcting for the effects

of lactation and late gestation. Since dry cows were in

fact gaining during this period the correlation coefficient

for dry cows was higher than for other cows who were losing

weight during this period. Because of this changeover

from dry season to rainy season at this time of year, it is

unfortunate that cow weights were recorded in early March

1975 and early May 1975 while the pasture sample was taken

in April. This problem exists in the simulation of the other

herds of the HSE as well. A similar situation occurred in

March and April 1976, but weighings were only 30 days apart

that year so the source of error was lessened.

In addition to predicting average daily gain, the

simulation model produced estimates of quantitative intake

in megacalories/day and in kg of dry matter, and also,

estimates of maintenance requirements in megacalories per

day. No data were available to test these results directly.

They remain unvalidated hypotheses, but they are estimates

which produce weight changes which are consistent with the

available data. Therefore the estimates of intake and

maintenance have value in studying the performance of cows

in the Llanos.
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The values obtained for dry matter intake are partic-

ularly interesting because it is a central hypothesis of

this thesis that low animal production in the Llanos results

from insufficient voluntary intake of low quality forage.

The output from the simulation provides the first quantita-

tive estimates of how much savanna and molasses grass cows

are consuming in the Llanos. An example of this can be

seen during the dry season from December 1975 to March 1976.

Dry cows in Herds 4 and 5 weighed an average of 341 kg and

consumed 7.8 kg DM/day of native savanna. This represents

a voluntary consumption of 2.29% of bodyweight and was not

sufficient for maintenance. Expressed in units of mega-

calories, voluntary consumption was 1.87 Mcal/day below

maintenance requirements. The simulation thus provides an

estimate of how much more energy must be supplied to dry

cows on native savanna with access to minerals in order to

prevent weight loss. This could be provided by an energy

supplement or by limited access to improved pastures. This

last alternative is the strategy of CIAT's beef program.

The simulation provides an estimate of how much improved

pasture (given information on its energy content) is needed.

The value of this kind of information in planning how many

hectares to plant and when to use it is obvious.

Validation Against Herds 6-9

Tables 20-27 list the results of running the simulation



Table 20, Dry cows on molasses grass-native savanna [Herds 6,7).

Time interval

Observed Data Simulated Data

Weighta N
b cDOM Real daily

gain

Predicted
daily
gain

MaintenanceIntake
requirements

DM
intake

kg - kg -------- ----- Mcal/day ---- kg

3/1/75- 4/30/75 283.7 1.78 53.58 .480 .478 12.86 9.74 6.88
5/1/75- 6/30/75 312.5 1.44 44.52 -.0017 .118 12.40 11.34 8.86
7/1/75- 8/31/75 312.4 1.55 45.28 .313 .326 13.61 11.02 8.56
9/1/75-10/30/75 331.2 1.59 48.57 .470 .365 14.38 11.73 7.99

11/1/75-11/30/75 345.3 1.66 49.15 -.059 -.003 12.98 13.00 7.50
12/1/75- 2/28/76 340.0 1.63 48.46 -.003 -.140 12,58 13.65 7.36
3/1/76- 3/31/76 339.8 1.50 44.50 -.507 -.206 12.10 13.82' 7.71
4/1/76- 5/30/76 309.4 1.75 53.23 .252 .248 14.30 13.29 7.61

r
d

= .93

pe < .001

a/ Weight at the beginning of each time period
Grams of nitrogen/100 grams of organic matter

El Digestible organic matter (g/100- of OM)
a/ Pearsonian correlation coefficient between real daily gain and predicted daily gain
-e/ Probability that r = 0.



Table 21. Early lactating cows on molasses grass-native savanna (Herds 6-7)a.

Time interval

Observed Data Simulated Data
Predicted

Weightb Real daily
daily Intake Maintenance DM

gain
gain requirements intake

kg Mcal/day kg

3/1/75- 4/30/75 299.1 .023 .201 16.06 13.89 9.00
5/1/75- 6/30/75 300.5 .957 .309 15.36 13.69 10.38
7/1/75- 8/31/75 357.9 -.512 .097 17.23 16.36 11.49
9/1/75-10/30/75 327.2 -.280 .149 16.29 15.01 10.06

11/1/75-11/30/75 310.4 .257 .379 16.77 13.84 10.29
12/1/75- 2/28/76 318.1 -.006 -.050 14.36 14.79 8.92
3/1/76- 3/31/76 318.6 -.358 -.134 13.85 14.99 9.21
4/1/76- 5/30/76 297.1 .718 .488 16.64 13.21 9.41

r
c = .73

d
P < .05

a/ N and DOM values are the same as for dry cows of Herds 4-5
b/ Weight at the beginning of each time period
c/ Pearsonian correlation coefficient between real daily gain and predicted daily

gain
d/ Probability that r=0,



Table 22. Late lactating cows on molasses grass - native savanna (Herds 6-7 )a

Time interval

Observed Data Simulated Data
Predicted

b Real daily Maintenance DM
Weight daily Intake

gain gain requirements intake

kg - Mcal/day - kg

3/1/75- 4/30/75 273.1 .453 .415 15.00 12.20 8.40
5/1/75- 6/30/75 300.3 .222 .192 15.10 13.51 10.49
7/1/75- 8/31/75 313.6 -.003 .090 14.47 13.77 9.34
9/1/75-10/30/75 313.4 -.267 .060 14.48 13.97 8.94

11/1/75-11/30/75 297.4 .263 .297 15.47 13.21 9.49
12/1/75- 2/28/76 305.3 -.211 -.036 13.53 13.81 8.40
3/1/76- 3/31/76 286.2 -.240 -.053 12.78 13.21 8.68
4/1/76- 5/30/76 271.9 .447 .581 15.57 11.63 8.80

c
r = .94

d
p .001

a/ N and DOM values are the same as for dry cows of Herds 4-5
BY Weight at the beginning of each time period

Pearsonian correlation coefficient between real daily gain and predicted daily
gain

d/ Probability that r=0.



Table 23. Cows in late gestation on molasses grass - native savanna (Herds 6-7)a.

Observed Data Simulated Data
PredictedReal daily Maintenance DM

gain
Time interval Weightb daily Intake

gain requirements intake

kg - - Mcal/day kg

3/1/75- 4/30/75 365.6 -.197 .131 13.85 12.60 7.78
5/1/75- 6/30/75 353.8 -.097 .008 12.26 12.19 8.28
7/1/75- 8/31/75 348.0 -.147 -.041 11.62 12.01 7.75
9/1/75-10/30/75 339.2 .547 .435 14.65 11.12 9.04

11/1/75-11/30/75 372.0 .103 .327 15.25 12.50 9.37
12/1/75- 2/28/76 375.1 -.100 -.005 13.15 13.20 8.12
3/1/76- 3/31/76 366.1 .198 .196 14.31 12.52 9.67
4/1/76- 5/30/76 378.0 .297 .395 15,62 11.93 8.92

d
P

= .87

< .01

a/ N and DOM values are the same as for dry cows of Herds 4-5
Fl Weight at the beginning of each time period
c/ Pearsonian correlation coefficient between real daily gain and predicted daily

gain
d/ Probability that r=0.



Table 24. Dry cows on molasses grass (Herds 8-9).

Observed Data Simulated Data

Time interval aWeight b
N DOMc Real daily

gain

Predicted
daily
gain

Maintenance
Inta k e

requirements
DM

intake

- kg - kg Mcal/day - kg -

3/1/75- 4/30/75 342.2 1.10 44.27 -.525 .070 12.07 11.40 7.87
5/1/75- 6/30/75 310.7 1.55 45,88 .385 .293 13.47 10.67 8.33
7/1/75- 8/31/75 333.8 1.53 46.30 .213 ,232 13.70 11.82 8.44
9/1/75-10/30/75 346.6 1.74 48.81 1.540 .513 15.53 11.70 8.96

11/1/75-11/30/75 392.9 1,25 48.37 -.655 -.048 14.06 14.54 8.33
12/1/75- 2/28/76 333.9 1.29 47,02 -.730 -.052 12.60 13.08 7.00
3L1/76- 3/31/76 290.1 1,41 55,30 .032 .041 12.12 11.85 6.30
4/1/76- 5/30/76 292.0 1.62 55,70 .858 .246 13.20 11.61 6.76

r
d

= .90

pe < .01

a/ Weight at the beginning of each time period
F/ Grams of nitrogen/100 grams of organic matter
E/ Digestible organic matter (g/100- of OM)
at Pearsonian correlation coefficient between real daily gain and predicted daily gain
e/ Probability that r=0.



Table 25. Early lactating cows on molasses grass (Herds 8-9)a

Time interval

Observed Data Simulated Data
Predicted

Weightb Real daily
daily Intake Maintenance DM

gain
fain requirements intake

kg ____________ _ Mcal/day kg

3/1/75- 4/30/75 361.5 -1.280 -.154 15.10 16.45 9.87
5/1/75- 6/30/75 285.0 .940 .314 15.25 12.93 9.24
7/1/75- 8/31/75 341.5 -.152 -.005 15.57 15.61 9.61
9/1/75-10/30/75 332.4 1.180 .485 18.07 14.43 10.31

11/1/75-11/30/75 367.9 -1.930 -.090 16.06 16.88 8.24
12/1/75- 2/28/76 309.8 -.098 -.055 14.29 14.78 10.01
3/1/76- 3/31/76 301.0 -.232 -.012 14.45 14.62 9.83
4/1/76- 5/30/76 287.1 .895 .459 15.64 12.68 9.14

rc = .87

d
p < .01

a/ N and DOM values are the same as for dry cows of Herds 4-5
1/ Weight at the beginning of each time period
c/ Pearsonian correlation coefficient between real daily gain and predict daily

gain
d/ Probability that r=0.



Table 26. Late lactating cows on molasses grass (Herds 8-9)a.

Time interval

Observed Data

Weightb Real daily
gain

Simulated Data
Predicted

daily
gain

Intake Maintenance DM
requirements intake

kg Mcal/day kg

3/1/75- 4/30/75 322.6 -.860 13.86 14.38 9.90
5/1/75- 6/30/75 271.0 .645 .409 14.68 11.73 8.90
7/1/75- 8/31/75 309.7 .063 .221 15.37 13.65 9.49
9/1/75-10/30/75 313.5 .568 .587 17.28 13.00 9.87

11/1/75 11/30/75 347.6 -1.830 -.113 14.17 15.23 9.71
12/1/75- 2/28/76 292.8 -.468 -.102 12.46 13.35 8.90
3/1/76- 3/31/76 250.7 .065 .100 12.65 11.84 7.21
4/1/76- 5/30/76 254.6 1.400 .553 14.30 10.91 8.36

.88

pd < .01

a/ N and DOM values are the same as for dry cows of Herds 4-5
1/ Weight at the beginning of each time period
CY Pearsonian correlation coefficient between real daily gain and predicted daily

gain
d/ Probability that



Table 27. Cows in late gestation on molasses grass (Herds 8-9 )a

Time interval

Observed Data Simulated Data

Weightb Real daily
gain

Predicted
daily
gain

Intake Maintenance
requirements

DM
intake

kg Mcal/day kg

3/1/75- 4/30/75 372.5 -.247 .009 12.87 12.78 9.19
5/1/75- 6/30/75 357.7 .302 .275 14.35 12.10 8.97
7/1/75- 8/31/75 375.8 -.023 .239 14,81 12.61 9.14
9/1/75-10/30/75 374.4 1.195 .580 16.45 11.86 9.40

11/1/75-11/30/75 446.1 -2.007 -.120 13.42 14.69 9.19
12/1/75- 2/28/76 385.9 -.602 -.009 13.05 13.13 9.32
3/1/76- 3/31/76 331.7 -.140 .064 12.47 11.88 8.91
4/1/76- 5/30/76 323.3 1.458 .563 14.25 10.43 7.90

r
c

= .93

p < .001

N and DOM values are the same as for dry cows of Herds 4 -S
b/ Weight at the beginning of each time period
E/ Pearsonian correlation coefficient between real daily gain and predicted daily

gain
d/ Probability that r=0.
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model against Herds 6-9 of the HSE, For Herds 6 -7

correlation coefficients of .93 (p<.001), .73 (p .05),

.94 (p<.001), and .87 (p<,01) were obtained for dry, early

lactating, late lactating, and late gestation cows, respec-

tively. For Herds 8 and 9 correlation coefficients of .9

(p<.01), .87 (p<.01), .88 (p<.01), and .93 (p<.001) were

obtained for dry, early lactating, late lactating, and late

gestation cows, respectively. Since all correction factors

of the Seibert and Hunter equations were fitted against

data from Herds 4 and 5 and then the model was run without

change against Herds 6-9, these results represent the first

validation of the feed intake and liveweight change section

of the model. We may now analyze the output of this part

of the simulation model with some confidence.

Herds 6-9 represent the herds of the HSE which were

on molasses grass part or all of the year. Despite the

high correlation coefficients obtained for the simulation

of these herds there were problems with individual values

obtained from the simulation. The main problem was that

systems on molasses grass were unstable. Extreme patterns

of weight gains and losses were recorded on molasses grass

and modeling these extreme shifts was difficult. For

example, dry cows in Herds 8 and 9 gained 1.54 kg/day in

September and October, 1975, then lost .7 kg/day from

November 1975 to March 1976. Cows in early lactation lost

1.9 kg/day during November 1975 after gaining 1.2 kg/day
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in September and October 1975, The model was unable t

reproduce these extreme weight fluctuations. It predicted

a maximum of .587 kg/day gain and maximum weight loss of

.154 kg/day. The failure of the model to predict large

weight losses during the dry season, which are characteris-

tic of animals grazing molasses grass, is the greatest

shortcoming of the model. It is the subjective opinion of

the author that the nitrogen data obtained from the hand

pluck technique were too high for molasses grass during the

dry season.

The pattern of extreme weight fluctuations was also

evident for Herds 6-7 which were on molasses grass for

eight months of the year. Weight gains of .957 kg/day for

cows in early lactation were recorded in May and June1975

and then early lactating cows lost .512 kg/day during the

next two-month period. The model, again, was unable to

follow these extreme fluctuations. Simulated weight losses

for Herds 6-7 were much less than observed weight losses.

This extreme pattern of weight loss during the dry

season and gain during the late rainy -season is character-

istic of systems dependent on molasses grass. Paladines

(1978) has reported that when this grass matures and flowers

the nutritive value drops precipitously, but in periods

of vigorous early growth during high rainfall it is an

excellent source of feed. Results of the HSE show that

in certain months of the year, particularly the dry season,
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this "improved pasture" was a catastrophe for breeding cows

who cannot sustain extreme weight losses and rebreed. One

of the more ironic results obtained from the HSE was that

during the severe dry season in late 1976 and early 1977

five cows in Herd 8 starved to death on this improved pas-

ture and three more died of urea intoxication when they

broke into the feeding area for Herd 9 and consumed their

dry season supplement. The molasses-urea-sulfur fed as a

protein supplement to Herd 9 undoubtedly prevented cows in

that herd from starving to death as well. Molasses grass

is completely unsuitable as a source of feed during periods

of nutritional stress during the dry season. In the final

section of this thesis, a simulated treatment of the HSE

is modeled using molasses grass as a source of feed during

the late rainy season when it excels native savanna. This

exercise has the benefit of hindsight obtained from the

results of the HSE. In 1971 and 1972 when the HSE was

planned the behavior of molasses grass during the dry season

was not known. The simulation model developed so far had

difficulty modeling the extreme weight losses and gains on

molasses grass, but these problems do not have practical

significande as it would be catastrophic to raise cows on

molasses grass during the dry season without access to

other pastures.
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Herds 2-3

Tables 28-31 present the results of fitting a new

correction factor, P, for mineral deficiency to Herds 2-3

of the HSE and then running the model against the observed

data for these two herds. Results obtained were r = .9

(p<.01), .77 (p<.05), .75 (p<.05) and .62 (p<.10), for dry,

early lactation, late lactation, and late gestation cows,

respectively. The correction factor, P, was fitted against

dry cows of Herds 2 and 3 and then run without any further

alteration against cows in the three remaining physiological

states. The correlation coefficient obtained for dry cows

is therefore higher than those obtained for cows lactating

or in late gestation. As was the case with cows on molasses

grass, the simulation had trouble reproducing extreme weight

losses and gains, particularly when they occurred between

adjacent weighing periods. For example, cows in late gesta-

tion from Herds 2-3 gained .841 kg/day during March and April

1975 and then lost .4 kg/day during the next two months. The

model was unable to predict these weight changes and simulated

weight gains of .189 and .075 kg/day, respectively, for

these two periods. The qualitative intake data available for

these two time periods showed almost identical values for

nitrogen and digestible organic matter. Cows were in the

same physiological state and differed only in their liveweight

changes during those two month periods. The 50 kg difference



Table 28. Dry cows on native savanna without minerals (Herds 2-3)

Observed Data Simulated Data
Predicted

Time interval Weighta Nb DOMc Real daily
daily Intake Maintenance DM

gain
gain requirements intake

kg kg Mcal/day kg

3/1/75- 4/30/75 269.3 1.51 43.05 .302 .240 10.83 8.95 7.13
5/1/75- 6/30/75 287.3 1.57 41.53 .225 .140 11.03 9.90 7.50
7/1/75- 8/31/75 301.0 1.49 45.79 .041 .002 10.15 10.36 6.30
9/1/75-10/30/75 303.5 1.54 48.00 .030 -.030 10.13 10.12 6.00.

11/1/75-11/30/75 305.3 1.61 48.62 .288 .207 11.67 10.14 6.83
12/1/75- 2/28/76 313.9 1.40 48.70 -.139 -.060 9.97 10.47 5.80
3/1/76- 3/31/76 301.4 1.55 48.46 .020 .105 11.52 10.03 6.70
4/1/76- 5/30/76 302.6 1.78 47.08 .307 .354 12.76 10.11 7.64

r = .90

p < .01

a/ Weight at the beginning of each time period
17 Grams of nitrogen/100 grams of organic matter
T/ Digestible organic matter (g/100- of OM)
d/ Pearsonian correlation coefficient between real daily gain and predicted daily gain
e/ Probability that r=0.



Table 29. Early lactating cows on native savanna without minerals (Herds 2-3)a.

Time interval

Observed Data Simulated Data
Predicted

b Real daily Maintenance DMWeight daily Intakegain
gain requirements intake

.... - . kg ..... Mcal/day kg -

3/1/75- 4/30/75 270.5 .250 .153 13.76 12.57 9.05
5/1/75- 6/30/75 285.5 .771 .013 13.90 13.79 9.45
7/1/75- 8/31/75 331.8 -.108 -.309 12.80 15.29 7.95
9/1/75-10/30/75 325.3 -.577 -.392 12.66 15.20 7,50

11/1/75 - 11130/75 290.6 -.492 -.350 10.86 13.68 6.35
12/1/75- 2128/76 275.9 .196 .051 13.48 13.12 7.83
3/1/76- 3/31/76 293.5 -.075 -.049 13.37 13.78 7,77
4/1/76- 5/30/76 289.0 .243 .249 14.80 13.02 8.86

r = .77

p < .05

a/ N and DOM values are the same as for dry cows of Herds 4-5
B7 Weight at the beginning of each time period
zy Pearsonian correlation coefficient between real daily gain and predicted daily

gain
d/ Probability that T=0.



Table 30. Late lactating cows on native savanna without minerals (Herds 2-3)a.

Time interval

Observed Data Simulated Data
Predicted

Weightb Real daily daily Intake
Maintenance DM

gain
gain requirements intake

kg -- Mcal/day kg -

3/1/75- 4/30/75 241.9 .766 .150 12.00 10.88 7.90
5/1/75- 6/30/75 287.9 .133 .024 13.28 13.09 9.03
7/1/75- 8/31/75 295.8 -.144 -.187 11.75 13.19 7.30
9/1/75-10/30/75 287.2 -.126 -.157 11.66 12.80 7.00

11/1/75-11/30/75 279.6 .520 .084 13.10 12.51 7.66
12/1/75- 2/28/76 295.2 -.207 -.222 11.42 13.03 6.64
3/1/76- 3/31/76 276.6 .153 .092 12.78 12.40 7.43
4/1/76- 5/30/76 285.8 .223 .282 14.27 12.20 8.55

r
c

= .75

p
d

< .05

a/ N and DOM values are the same as for dry cows of Herds 4 -5.
EY Weight at the beginning of each time period

Pearsonian correlation coefficient between real daily gain and predicted daily
gain

d/ Probability that r=0.



Table 31. Cows in late gestation on native savanna without minerals (Herds 2-3)a.

Time interval

Observed Data Simulated Data
Predicted

Weight b
daily Intake

Real daily Maintenance DM
gain

gain requirements intake

kg Mcal/day kg

3/1/75- 4/30/75 305.6 .841 .189 11.91 10.36 7.84
5/1175- 6/30/75 356.1 -.399 .075 12.95 12.26 8.81
7/1/75- 8/31/75 332.2 -.186 -.097 10.69 11.47 6.64
9/1/75-10/30/75 321.0 .169 -.040 10.57 10.92 6.25

11/1/75-11/30/75 331.2 -.145 -.030 11.03 11.34 6.45
12/1/75- 2/28/76 326.8 .153 .040 11.55 11.22 6.72
3/1/76- 3/31/76 340.8 -.005 .112 12.45 11.59 7.24
4/1/76- 5/30/76 337.3 .435 .358 13.84 11.02 8.29

r = .62

P < .10

a! N and DOM values are the same as for dry cows of Herds 4-5
B-/ Weight at the beginning of each time period
c/ Pearsonian correlation coefficient between real daily gain and predicted daily

gain
d/ Probability that r=0.
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in liveweight between the beginning of period 1 and period

2 is not sufficient to explain why these cows gained heavily

in one period and lost heavily in the next, Events evidently

occurred which are outside the explanatory power of the

model and unknown to the modeler. This is a common problem

in models of extensive grazing systems and must be lived

with. Given the information available for the simulation

(nitrogen and energy intake, weight and physiological status

of the animal) the model is performing in a satisfactory

manner.

The single most dramatic result of the HSE was the

difference in total liveweight production of Herds 4 and 5

compared to Herds 2 and 3. Herds 4 and 5 had access to a

complete mineral supplement and Herds 2 and 3 did not.

The total liveweight production of Herds 4 and 5 measured

as total liveweight gains of all cows and total calf pro-

duction until 18 months of age was close to twice that of

Herds 2 and 3. The simulation provided quantitative

intake information for all four herds. It is an interesting

exercise to follow the differences between these two groups

in voluntary intake within physiological status to obtain

a new perspective on the effect of mineral deficiency.

Throughout the 15-month time interval of the simulation dry

cows in Herds 2 and 3 consumed an average of 6.7 kg DM/day

of savanna, early lactating cows consumed 8.1 kg DM/day,
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late lactating cows, 7,7 kg DM /day, and cows in late gesta-

tion, 7.3 kg DM/day. Corresponding figures for cows in

Herds 4-5 were 8.1, 9.8, 9.2, and 8.95 kg DM/day, respec-

tively. Expressed in the form of the ratio of Herds 4-5 /

Herds 2-3, cows in Herds 4-5 consumed an average of 1.21,

1.2, 1.19, and 1.22 times more savanna for dry, early lac-,

tating, late lactating, and late gestation cows, respectively,

than for similar cows in Herds 2 and 3. A 20% increase in

voluntary consumption of native savanna plus access to a

mineral mix resulted in a 95% increase in animal production.

We can see from these data the double effect of mineral--

especially phosphorus--deficiency. Cows without access to

minerals suffered both a frank mineral deficiency and a

depressed appetite. Mineral supplementation had the syner-

gistic effect of eliminating mineral deficiency and increasing

voluntary intake, thereby supplying more energy and protein

to the animal and causing a quantum jump of nearly 100%

in animal production. This has important consequences for

the economics of introducing a new technology into the Llanos.

Given the low level of production of traditionally managed

cattle (Herds 2 and 3), a small increase in inputs can

double production. This makes an initial investment in a

low-cost new technology, e.g., minerals and a small amount

of improved pasture, attractive. It is the joint task of

animal management specialists and economists to map the

optimal path of these increased inputs. A simulation model
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such as the one developed in this research offers an ideal

tool for the ex ante testing of hypotheses developed by the

joint effort of animal scientists and economists.

Making the Model Dynamic

Simulation of Individual Cows on

Native Savanna: Herds 2-5

Table 32 presents the results of simulating liveweight

changes of four cows chosen at random from Herds 2-3 of

the HSE. These results are illustrated graphically in

Figures 6-7. Table 33 and Figures 8-9 show similar results

for Herds 4-5. Results obtained by calculating a pooled

Pearsonian correlation coefficient over the 32 pairs of

observations of liveweights for cows of Herds 2-3 and Herds

4-5 were .89 and .92, respectively (p<.01). Since the data

for individual cows of Herds 4-5 formed part of the data set

to fit the model and the data for dry cows in Herds 2-3

formed part of the data set to fit the correction factor for

mineral deficiency, the simulation of individual cows from

Herds 2-5 does not constitute an independent validation of

the feed intake and liveweight change section of the simula-

tion model but is another form of verification. This kind

of verification is a more difficult test of the model than

attempting to model groups of cows within physiological

status. There is between cow variation that the model

cannot explain and this verification exercise simulates



Table 32. Simulation of individual cows from Herds 2-3.

Cow #428 Cow #446

Date Observed Simulated Physiological Observed Simulated Physiological
weight weight statusa weight weight statusa

kg kg

3/1/75 334 (334)b Dry 306 (306)b E-lact
5/1/75 380 349 Dry 338 309 L-lact
7/1/75 388 357 Dry 336 310 L-lact
9/1/75 387 366 Dry 326 310 L-lact
11/1/75 387 357 Dry 317 301 Dry
12/1/75 410 358 Dry 330 302 Dry
3/1/76 409 368 Dry 338 312 Dry
4/1/76 417 380 Dry 365 333 Dry
6/1/76 431 406 Dry 410 359 Dry

Cow #486 (early weaning) Cow #892

3/1/75 263 (263)b L-gest 242 (242) b L-lact
5/1/75 262 240 E-lact 272 251 Dry
7/1/75 282 236 Dry 287 259 Dry
9/1/75 297 244 Dry 302 267 Dry
11/1/75 312 244 Dry 317 267 L-gest
12/1/75 320 245 Dry 330 266 L-gest
3/1/76 325 255 Dry 279 235 E-lact
4/1/76 340 266 Dry 276 233 L -lact
6/1/76 364 290 L-gest 287 252 L-lact

r = .89

P < .01

a/ E-lact = early lactation
L-lact = late lactation
L-gest = late gestation

dry = open + first six
months of pregnancy.

b/ Starting weight for simulation. Equals
observed weight on 3/1/75.

c/ Pearsonian correlation coeficient.
Computed on pooled basis (n=32).

d/ Probability that r=0.



Figure 6 . Simulation of individual cows from Herds 2-3.
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Figure 7 . Simulation of individual cows from Herds 2-3.
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Table 33. Simulation of individual cows from Herds 4-5.

Cow #828 Cow #962 (early weaning)

Date Observed Simulated Physiological Observed Simulated Physiological
weight weight statusa weight weight statusa

kg kg

3/1/75 305 (305)b E-lact 324 (324)b E-lact
5/1/75 312 309 L-lact 282, 291 E-lact
7/1/75 347 335 L-lact 273 299 Dry
9/1/75 331 340 Llact 286 311 Dry

11/1/75 315 330 Dry 300 311 Dry
12/1/75 340 340 Dry 321 322 Dry
3/1/76 356 352 Dry 325 328 L-gest
4/1/76 382 374 Dry 310 303 E-lact
6/1/76 436 413 Dry 289 331 E-lact

Cow #074 Cow #430

3/1/75 340 ( 3 40
)b E-lact 293 (293)b I-lact

5/1/75 342 342 L-lact 257 302 Dry
7/1/75 337 357 L-lact 291 321 Dry
9/1/75 340 362 L-lact 304 333 Dry

11/1/75 343 351 Dry 317 333 L -gest
12/1/75 369 361 Dry 331 340 L-gest
3/1/76 381 390 Dry 271 314 E-lact
4/1/76 381 401 Dry 262 310 L-lact
6/1/76 430 436 L-gest 269 333 L-lact

r
c

= .92

p
d

< .001

a/
L-lact
L-gest

dry

E-lact = early lactation
= late lactation
= late gestation
= open + first six

months of pregnancy.

b/ Starting weight for simulation.
Equals observed weight on 3/1/75.

c/ Pearsonina correlation coeficient.
Computed on pooled basis (n=32).

d/ Probability that r=0.



Figure 8. Simulation of individual cows from Herds 4-5.
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Figure 9 . Simulation of individual cows from Herds 4-5.
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over a 15 month period. The previous modeling was for all

adjacent two month intervals within physiological status.

With this exercise the model becomes dynamic. Cows are

simulated as they move in and out of their observed physio-

logical states. The results obtained from this verification

exercise are excellent and very encouraging for animals

on native savanna.

Simulation of Individual Cows With Access,

to Molasses Grass: Herds 6-9

Table 34 lists the results of simulating liveweight

changes of four cows chosen at random from Herds 6-7 and

Table 35 lists similar results for cows from Herds 8-9.

These results are illustrated graphically in Figures 10-13.

Results obtained by calculating a pooled Pearsonian correla-

tion coefficient for the 32 pairs of liveweight observations

of Herds 6-7 and the 29 pairs of observations of Herds 8-9

were .20 and .12, respectively. The values of the correlation

coefficients are low and show that for animal systems on

molasses grass, the predictive power of the model with intake

data presently available is not satisfactory. Results from

the model for simulations of animals on molasses grass

should be interpreted with caution.

There are two main reasons for the low predictive

power of the model for animals on molasses grass: the failure

of the model to predict sufficient weight losses on molasses



Table 34. Simulation of individual cows from Herds 6-7.

Cow #580 Cow #600

Date Observed
weight

Simulated
weight

Physiological
statusa

Observed
weight

Simulated Physiological
weight statusa

- ----- kg -

3/1/75 290 (290)b E-lact 300 (300)
b

Dry
5/1/75 306 310 E-lact 367 320 L-gest
7/1/75 329 312 L -1 act 394 330
9/1/75 286 350 L-lact 338 317
11/1/75 243 325 L-lact 283 348 E-lact
12/1/75 281 359 Dry 292 348 L-lact
3/1/76 330 377 L-gest 272 354 L-lact
4/1/76 333 380 L-gest 274 352 Dry
6/1/76 320 372 E-lact 32.3 385 Dry

Cow #776 Cow #1102

3/1/75 259 (259)b L-lact 345 (345)b L-gest
5/1/75 273 286 L-lact 300 335 E-lact
7/1/75 276 293 Dry 305 337 L-lact
9/1/75 307 312 Dry 302 344 L-lact

11/1/75 338 345 Dry 300 375 L-Iact
12/1/75 367 352 Dry 283 378 Dry
3/1/76 385 370 L-gest 326 384 Dry
4/1/76 370 373 L-gest 332 391 Dry
6/1/76 372 377 E-lact 386 435 L-gest

r
c

= .20

P

a/ E-lact =
L-lact =
L-gest =

dry =

early lactation
late lactation
late gestation
open + first six
months of pregnancy

b/ Starting weight for simulation. Equals
observed weight on 3/1/75.

c/ Pearsonian correlation coeficient.
Computed on pooled basis (n=32).



Figure 10. Simulation of individual cows from Herds 6-7.
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Figure 11. Simulation of individual cows from Herds 6-7.
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Table 35. Simulation of individual cows from Herds 8-9.

Date

Cow #496 (early weaning) Cow #564
Observed
weight

Simulated Physiological
weight statusa

Observed
weight

Simulated Physiological
weight statusa

kg kg

3/1/75 295 (295)b E-lact 294 (294)b Dry
5/1/75 285 286 E-lact 338 310 L-gest
7/1/75 324 304 Dry 329 291 E-lact
9/1/75 350 323 Dry 298 277 E-lact
11/1/75 377 350 Dry 268 286 L-lact
12/1/75
3/1/76

380
315

356
337

L-gest
E-lact

250
d

280 L-lact

4/1/76 275 321 E-lact
6/A/76 309 348 Dry

Cow 1814 Cow #1014

3/1/75 290 (290)b L-gest 244 (244)b L-lact
5/1/75 286 257 E-lact 286 253 L-lact
7/1/75 324 265 E-lact 324 275 Dry
9/1/75 344 261 L-lact 344 299 Dry
11/1/75 364 305 L-lact 364 311 Dry
12/1/75 382 298 L-lact 382 316 L-gest
3/1/76 367 318 Dry 367 310 E-lact
4/1/76 278 339 Dry 278 290 E-lact
6/1/76 280 368 Dry 280 311 L-lact

.12

a/ E-lact = early lactation
L-lact ,a late lactation
L-gest = late gestation

dry = open + first six
months of pregnancy

b/ Starting weight for simulation. Equals ob-
served weight on 3/1/75.

c/ Pearsonian correlation coeficient. Computed
on pooled basis (n=29).

d/ Died.



Figure 12. Simulation of individual cows from Herds 8-9
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Figure 13. Simulation of individual cows from Herds 8-9.
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grass during the dry season and the extreme fluctuations

of weight and variation in animal performance.

The problem with simulating weight changes during the

dry season on molasses grass was discussed, above. It is

the subjective opinion of the author that the nitrogen intake

data were too high for the dry season. The between cow

variation was high on systems incorporating molasses grass

and the model was unable to cope with the variety of responses.

For example, for Herds 6-7, there is an almost perfect fit

between observed and simulated data for cow 776, a reasonably

good fit for cow 1102 (Figure 11), and a strong negative

correlation between observed and simulated liveweight changes

for cow 600 (Figure 10). Cow 600 gained 27 kg between May

and July 1975 despite the fact that it also calved during

that time and therefore lost an estimated 35 kg due to

weight of calf and placenta. Even with corrections for

compensatory gain the model is incapable of explaining ade-

quately this extreme weight gain. Modeling systems with

extreme instability and variation is always difficult. A

great deal more precise data on voluntary intake and unknown

environmental effects would be needed to map successfully

the patterns of weight loss and gain exhibited by cows.lin

Herds 6-9. Since results from the HSE show the inadvis-

ability of maintaining cows on molasses grass for most or

all of the year, the problems associated with modeling

individual cows from Herds 6-9 do not have important

practical implications.
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Additional Validations

Table 36 lists the results of simulating a steer

grazing experiment conducted at Carimagua during 1975 and

1976. There was close agreement between observed and simu-

lated average daily gains for Group 1, reasonably good

agreement for Group 2, and poor agreement for Group 3. No

statistical tests were performed for this validation because

qualitative intake data were from Lebdosoekojo (1977) for

the cows of the HSE. The burning schedule for the native

savanna pastures of the HSE and of the steer grazing trials

were not the same. Therefore, the nitrogen and energy

content differed on a seasonal basis. Management of the

molasses grass pastures was also different. Because quali-

tative intake data were not available from the steer grazing

experiment this validation exercise is more a test of how

generalizable are the qualitative intake data than it is

a validation of the model. Groups 1 and 2 were systems on

native savanna. Despite the different burning schedules

the simulation was able to reproduce the observed daily

gains fairly closely. This suggests that the qualitative

intake data obtained from Lebdosoekojo (1977) were at least

somewhat representative of what a typical upland savanna

pasture will produce in a year. Simulated results tended

to be somewhat higher than observed results for native

savanna, again suggesting the possibility that the nitrogen

values are somewhat high.



Table 36. Simulated versus observed steer grazing data

Time interval

Observed Data Simulated Data

Weight gain
Real daily Predicted Intake

Maintenance DM
gain daily gain requirements intake

kg Mcal/day kg

Group lb: Native savanna 4, minerals

3/1/75- 4/30/75 286 .783 .637 12.9 8.0 8.2
5/1/75- 6/30/75 333 .167 .398 13.0 9.6 8.6
7/1/75- 8/31/75 343 .350 .358 13.1 9.9 8.7
9/1/75-10/31/75 361 .150 .123 11.6 10.5 7.8

Observed Predicted
average daily = .363 average daily = .379
gain (kg) c gain (kg) c

Group 2b: Native savanna minerals

12/1/75- 2/28/76
3/1/76- 3/31/76
4/1/76- 6/01/76

248
281
289

.367

. 267

. 533

Observed
average daily = .406
gain (kg) d

.423

. 536

. 642

11.7
12.1
13.4

Predicted
average daily = .515
gain (kg)d

8.4
8.3
8.1

7.8
7.1
7.5



Table 36. (Continued)

Time interval

Observed Data Simulated Data

Weight Real daily Predicted
Intake Maintenance DM

gain daily gain requirements intake

Mcal/day -----kg kg

Group 3e: Molasses grass + minerals

3/1/75- 4/30/75 256.9 .658 .370 10.2 7.4 6.7
5/1/75- 6/30/75 296.4 .783 .487 12.5 8.7 7.8
7/1/75- 8/31/75 343.4 .180 .481 13.8 9.9 8.6
9/1/75-10/31/75 354.2 -.407 .625 15.0 10.2 8.7
11/1/75-11/30/75 329.8 -.967 .300 12.3 9.9 7.7
12/1/75- 2/28/76 300.8 -.076 .357 11.7 9.2 6.5
3/1/76- 3/31/76 294.0 -.033 .406 11.9 9.2 6.2
4/1/76- 6/01/76 293.0 .617 .652 13.2 8.9 6.8

Real average Predicted
daily gain = .275 average daily = .443
(kg) f gain (kg)f

a/ Weight at the beginning of each time period
EY O bserved data is from an experiment with a stocking rate of .2A/ha and sequential

burning of pasture every two months. Eight steers in each group
c/ Overall ADG from 3/1/75-11/1/75
"a/ O verall ADG from 12/1/75-6/1/76
e/ O bserved data is from an experiment with continuous stocking rate of .44A/ha.

14 steers in group.
f/ Overall ADG from 3/1/75-6/1/76
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Group 3 represents a system on molasses grass year

round. The results obtained from the simulation of this

experiment are unsatisfactory. With the exception of the

last two-month period of April and May, 1976, there was

poor agreement between observed and simulated average daily

gains over the entire 15-month period. This was particu-

larly true for the end of the rainy season and beginning

of the dry season. Observed daily gains were -.4 and

-.97 kg/day from September to the end of October and for

November, 1975, respectively, while simulated gains were

.63 and .3 kg/day, respectively. One of the most difficult

observations to explain in this research is

why steers grazing molasses grass at Carimagua were losing

.4 kg/day during September and October, 1975 while cows of

the HSE grazing the same type of pasture directly adjacent

to the steer grazing area were gaining more than 1.4 kg/day

during the same time. Even cows in early lactation were

gaining 1.2 kg/day (Table 25). A possible explanation for

this is the different flowering time between the two pas-

tures. As has been discussed above, when molasses grass

flowers its nutritive value decreases rapidly. Also, the

effective stocking rate for the HSE cows was lower for

parts of the year, and the HSE pasture was newer and in

somewhat better condition. This extreme variability of

observed results of systems on molasses grass points out

the difficulty in generalizing about animal performance on
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molasses grass on a month-by-month basis.

In addition, the simulation model failed again to pre-

dict weight losses during the dry season. Once again, it is

the subjective opinion of the author that the nitrogen data

for molasses grass during the dry season is too high. This

simulation exercise shows that, with the information pre-

sently available, steers on molasses grass cannot be satis-

factorily simulated.

Simulation of Calving Rates

Table 37 presents the observed calving rates of the

herds of the HSE. Overall calving rate, calculated on a per

cow present at the beginning of the experiment basis,

was 56.6%. For some herds, e.g., Herds 2 and 9, there is

a clear pattern of alternate year calving. Other herds

exhibit a two calves every three years pattern, also found

in the Llanos. Herds 2-3, the two herds of the HSE without

access to a complete mineral mix, had an average calving

rate 20% below Herds 4-9. In the first calving season,

cows in Herd 3 simply did not weigh enough to breed and

less than 20% delivered calves. In some years Herds 2 and

3 had a 20% abortion rate. The abortion rate was never

above 2% for Herds 4-9. Herd 8 had a very high calving

rate for 1976 and 1977 on a per cow present at the beginning

of each reproductive year basis, but 8 of 35 cows died

during 1976, thereby lowering the stocking rate and thus
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Table 37. Calving rates of the HSE cows

Herd
N2

Calving Rate 4 Year Period

1974a 1975 1976 1977

Average
Average number of
calving calves born
rate per cowb

0
0

2 33.3 54.5 30.3 73.0 50.3 1.94
3 18.7 74.2 56.2 51.6 50.2 1.80
4 59.4 71.9 71.9 59.4 65.6 2.51
5 60.6 57.6 84.8 69.7 68.2 2.74

6 54.3 77.1 74.3 58.3 66.0 2.64
7 51.4 65.7 88.6 66.0 67.9 2.69
8 65.7 51.4 80.0 60.0 64.2 2.39
9 78.8 39.4 84.8 48.5 62.9 2.43

a/ Each year ends on May 31

b/ Calculated on the basis of per cow present at the
beginning of the experiment
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providing more feed to cows in Herd 8 compared to cows in

Herd 9. The production of Herd 8, calculated on the basis

of number of calves produced per cow present at the beginning

of the experiment, was the lowest for all mineral herds. It

is the central hypothesis of this thesis that variable calf

production can be explained by variation

of brood cows of the HSE.

Table 38 and Figure 14 contain the information used

to simulate the fertility of the brood cows of the HSE.

Table 38 and Figure 14 document a striking variation in-

fertility of cows of variable liveweight. After the first

calving season of the HSE there were 558 calvings. Only

one of them occurred with a cow who weighed less than 220

kg at time of breeding. Very few cows who weighed less than

260 kg conceived. Less than 10% of all conceptions occurred

at breeding weights below 260 kg. Above 260 kg, there

was a dramatic rise in frequency of conceptions. More than

10% of conceptions occurred in each 20 kg weight interval

between 260 and 380 kg. After 380 kg there was a marked

drop in frequency of conception. This is because there was

no culling in the HSE. Cows which were infertile but other-

wise healthy maintained high bodyweights because they never

suffered lactation stress.

Table 38 and Figure 14 document the critical region of

cow weights. Cows below 260 kg have an extremely low level

of fertility. Fertility increases dramatically

in the weights



Table 38. Relationship of number of carvings per number of cows in
weight intervals,

Weight
interval

Number of
observationsa

Number of
parturitions

Number of
parturitions per
1000 observations

Relative
frequencyb

<220 300 1 3.33 .001

220-240 137 9 65.70 .028

240-260 229 34 148.50 .063

260-280 414 105 253.60 .107

280-300 402 125 310.95 .131

300-320 358 105 293.30 .124

320-340 282 97 344.00 .145

340-360 124 37 298.40 .126

360-380 106 31 292.45 .124

380-400 59 9 152.54 .064

400-420 32 1 31.25 .013

420-440 23 4 173.91 .073

Totals 2466 558 2367.93 1.000

/ Number of observations of non-pregnant cows in each weight interval
for all weighings of the HSE from June 1974 - May 1977. Cows in
early lactation excluded.

b/ Relative frequency of number of parturitions per 1000 observations
in each weight interval/total number of parturitions per 1000
observations in all weight intervals.



Figure 14. Conception weight of cows: relative and adjusted frequencies

3S-

30

25

20

15 -

10

5-

p.'
// N

....0../ //
/ `.......

---/ -o/ S.

0

//
/

/

Adjusted

------ Relative

/ s v \
1/ \/ \ 1/ I/ 1 1

/ \ r
d/ \ I/ \ r/ \,/ 0

b

a

0

230 270 310 350 390 430

a/ Percent of parturitions in a 20 kg weight interval
F/ Relative frequency of adjusted frequencies

kg



183

and reaches a peak in the 320-340 kg range. This documen-

tation is of immense practical importance in managing

breeding herds in the Llanos. Mature cows suffer loss of

fertility when they drop below 280-300 kg. This is in

keeping with other estimates obtained from beef cattle

management specialists at CIAT. Mature cow weight poten-

tial of grade Zebu cows in the Llanos is estimated to be

between 380-400 kg and a 15% loss in bodyweight is con-

sidered to be the maximum acceptable before loss of fer-

tility occurs (Dr. Ingo Kleinheisterkamp, CIAT Animal

Management Specialist, private communication). Using these

figures fertility will begin to suffer when a cow with a

mature weight potential of 380 kg drops below 320 kg. This

table of the relationship of number of calvings per number

of cows in 20 kg weight intervals is the most important

information developed in this research. It is an example

of how valuable information is discovered and synthesized

in the course of-examining a large body of information with

a systems approach,

The relationship of bodyweight and plane of nutrition

of breeding stock with fertility has been reported in

the literature. Maynard and Loosli (1969) state that it is

a well-known fact that undernourished animals are relative-

ly infertile. They also state that all elements in the

diet are important but that energy deficiency will have the

most deleterious effect on reproductive ability. Church
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et al. (1974) have also reported on the importance of an

adequate plane of nutrition for successful breeding.

In research at Fort Robinson, Nebraska, Wiltbank

et al. (1957) have reported that low levels of energy

result in ovarian inactivity and post-partum anestrus regard-

less of the level of protein supplied to young cows nursing

calves. Similar results were obtained with mature Hereford

cows (Wiltbank et al., 1962). In later research in Texas

Wiltbank (1976) classified cows according to condition at

parturition and measured percentages of cows cycling and

rebreeding within a 20-day and an 80-day period. Calving

times were divided into twenty-day intervals'from December

20 to March 2. Cows were classified as thin, medium and

good. Good cows were slightly more fertile than medium

cows and considerably more fertile than thin cows in both

time periods. Overall, 62% of thin cows, 88% of medium

cows, and 98% of good cows were showing signs of estrus or

were already bred 80 days after calving. Wiltbank con-

cluded that most losses in calf crops occur because cows

don't get pregnant or lose calves near birth. Cows must

be in sufficiently good condition to deliver a calf

successfully and rebreed quickly.

Richardson et al. (1975) induced substantial body-

weight changes in cows under Rhodesian conditions by supply-

ing different levels of supplementation during the dry season

and by weaning calves at different ages, thus varying
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the length of lactational stress. Results indicated a

strong relationship between fertility and the log of per-

cent body weight change from the peak attained in autumn

(beginning of the dry season) until immediately post partum.

A cow that lost considerable weight during this time was

unlikely to conceive during the next breeding season.

In northern Australia 't Mannetje and Coates (1976)

obtained an increase in calving rate from 78 to 94% by

strategic use of sown pastures to prevent Hereford cows from

dropping below 440 kg. The group with a calving rate of 78%

recorded weights as low as 340 kg during times of nutritional

and lactational stress.

A search of the literature failed to locate any studies

on the relationship of cow weight to fertility in tropical

America. This is very unfortunate because low cow fertility

due to low body weights is probably the_most important

constraint limiting production in this area of the world.

Prediction of Calving Rates of the HSE

Two different methods were used to simulate fertility.

Method 1 simulated the calving rate for each year by deter-

mining the number of cows within each physiological status

for each herd for the time period of one year beginning nine

months before the beginning of a reproductive year (Appendix

Tables 1 to 8). For example, cows bred between September 1,

1975 and August 31, 1976 calved during the 1977 reproductive
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year which ran from June 1, 1976 to May 31, 1977. The

probability distribution developed above was used to predict

the probability of non-pregnant cows not in early lactation

conceiving per two-month time period. In addition, the number

of cows already pregnant at the bginning of a reproductive

year was known. Each cow known to be pregnant was assigned

a probability of one of calving and the number of these

calvings was added to the predicted number expected from the

non-pregnant cows. In order to avoid giving a cow a chance

of calving twice in one year, the number of cows in late

gestation three months before each reproductive year was

used as an estimate of cows already pregnant and the number

of non-pregnant cows predicted to conceive during the first

three months of the breeding for that reproductive year

(September 1 - December 1) was not counted. With Method 1

the known number of cows in each physiological status for

each two month weighing period was used in calculating

fertility levels (Expected 1, Table 39).

With Method 2, the composition of each herd within

physiological status was determined in September 1975 and then

calf production was predicted from the probability distribution

and the least-square means for weights within physiological

status for the entire two year period. In other words,

Method 2 was a more difficult simulation procedure. The

known composition of each herd within physiological status

for each weighing period was not used. All the data for



Table 39. of calving rates of the HSE

1976 1977
Herd
N2 Observed Expected 1 Expected 2 Observed Expected 1 Expected 2

2

....

30 30a

%.

34a 55 51a 53a
3 56 52 50 73 61 66

4 72 68 70 59 59 60

5 85 76 79 70 59 62

6 74 67 70 58 61 63
7 89 73 79 66 68 70

8 80 80 77 60 70 74

9 85 77 77 49 43 45

at Corrected for abortions. 80% of simulated value
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calvings in the HSE after May 31, 1974 was used to develop

the probability distribution. Therefore, this exercise of

predicting calving rates of the cow herds of the HSE used

the same data used to develop the probability distribution

and is not an independent validation of the simulation of

fertility, but an internal verification of the procedure.

Table 39 presents the results of simulating the calving

rates of the cow herds of the HSE for 1976 and 1977 repro-

ductive years. There was generally close agreement between

observed and expected values of fertility for both methods

of simulation. When an observed calving rate was high;

e.g., Herds 5 or 7 in 1976, simulated values tended to be

approximately 10% lower than observed values. Simulation

was for 1976 and 1977 to avoid having to predict conception

rate of heifers.

Validation of Calving Rate Predictions

Table 40 presents the results of a validation of the

fertility predictions performed with data independent of

the HSE. Data were available from two herds of a new series

of experiments at Carimagua to increase cow fertility by

providing the cow herds with limited, access to improved

pastures. Data are for fertility after six months of breeding

in a continuous breeding treatment. Fertility was predicted

by determining the number of cows pregnant at the start of

the breeding season and then using a modified form of the
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Table 40. Validation of calving rate simulation

Herd 1a Herd 2a

Observedb Predicted Observedb Predicted

0
0 0

56 S3 76 68

a/ Preliminary data from CIAT's Breeding Herd Management
Systems Project at Carimagua

b/ Observed conceptions from May-October, 1978 based on
palpations.
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probability distribution to predict percent fertility in

non-pregnant cows not in early lactation. The probability

distribution developed with data from the HSE was modified

because under the conditions of increased plane of nutrition

in this second series of breeding herd experiments at Cari

magua, we do not expect a decline in fertility in cows

weighing above 380 kg. Since all cows were on a high plane

of nutrition they could still undergo lactation stress and

recover to near their mature weight potential of 380-400 kg.

Therefore, the probability distribution was modified so that

cows weighing more than 380 kg were assigned the same

probability of conceiving as cows in the 360-380 kg range.

In other words, a plateau effect was assumed under these

environmental conditions. With this modification the vali-

dation was successful. There was good agreement between

observed and expected results. However-, the main value of

the probability distribution listed in Table 38 is to examine

the critical region from 260-340 kg where fertility increases

dramatically as liveweight increases. This validation pro-

cedure does not test that range of the probability distribution

because most cows were continuously well above 300 kg. No

other data independent of the HSE of cow weights at time of

conception were available for additional validations.
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Experimentation with the Model

Table 41 presents results of simulating two new

treatments of the HSE. The first new treatment consisted

of moving Herds 4-5 onto molasses grass from July to Novem-

ber. The second treatment consisted of the same use of

molasses grass plus early weaning of all calves at 84 days

of age. Since qualitative intake data were limited to a

15-month period, this treatment was simulated for July-

November, 1975 only. Results show that dry, early lactatin

late lactating and late gestation cows would have gained

57, 24, 46, and 48 kg, respectively, on molasses grass com-

pared to their observed weight changes on native savanna of

-4, -27.7, -22.8, and .7 kg, respectively. Estimated

effects on fertility from this weight increase were small.

This is mainly due to the fact that Herds 4-5 already had

a high level of fertility on native savanna--71.5% for

reproductive years 1976-77--and increases above this high

level would require substantial new inputs. Dry cows in

Herds 4-5 were already in an optimal weight range of 320-

340 kg during most of 1975 and 1976, so their increase in

body weight was assumed to have no effect on their fertility.

The main effect of using molasses grass in a strategic manner

is to increase the fertility of cows in late lactation. By

increasing the weight of cows in late lactation some 70 kg

it was estimated that four additional conceptions would take

place during the 1976-77 reproductive years. This would
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Table 41. Experimentation with the modela

Early Late LateDry
lactation lactation gestation

Starting weight

Observed weight
change

Simulated weight
changeb

Effect on calving

Effect of early
weaning on calving
rateC

332 342.9 321.7 357.6

-4 -27.7 -22.8 + .7

+57 24 46 48

rate 0 - + 3.4%

.+4%

Total effect
on calving rate 7.4%

a/ Herds 4-5 moved to molasses grass from July-November,
1975

b/ Based on pooled qualitative intake data from Herds 6-
9

c/ Based on early weaning all calves.
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represent an increase in fertility from 71.5to 75%. The

increase is small because many lactating cows were already

rebreeding. With the introduction of early weaning at the

time that Herds 4-5 were moved to molasses grass and keeping

this treatment throughout the rest of the experiment it was

estimated that six additional conceptions would occur

during the 1976-77 reproductive years. Thus, fertility could

be raised to 79%.

This simulation exercise was conducted to combine in

an optimal manner all the treatments of the HSE that produced

positive results. The difference of 20% fertility and twice

the total liveweight output for Herds 4-5 compared to Herds

2-3 already discussed demonstrates the overwhelming importance

of mineral supplementation in the Llanos. This exercise

predicts smaller increases in fertility if molasses grass

were used from July to November when it_provides a high

quality forage and if all calves were weaned at 84 days of

age. An 80% calving rate is estimated to be the ceiling

on fertility obtainable with the environmental conditions

at Carimagua, the inputs available from the HSE, and the

fact that no culling was practiced.

The economics of moving from a system similar to

Herds 2-3 to a system similar to Herds 4-5 have been examined

by Nores and Estrada (1978) and found to be very attractive.

In the same study early weaning at 84 days of age was

not economically attractive. An additional analysis can
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now be performed on the feasability of using molasses grass

from July to November as a strategic source of high quality

forage.
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SUMMARY AND CONCLUSIONS

A simulation model simple enough to be executed on a

hand-held programmable calculator has been developed to

study voluntary intake, liveweight change, and fertility of

grade Zebu cows in the Llanos of Colombia. Voluntary intake

is predicted as a function of organic nitrogen in the diet

and metabolic weight. Maintenance is predicted as a function

of liveweight of the animal and energy concentration of the

forage. Energy concentration of the forage is calculated as

a function of crude protein and digestible organic matter

content of ingested forage. Liveweight change is predicted

from the difference in voluntary intake and maintenance

requirements, taking into account the liveweight of the

animal and the energy concentration of ingested forage.

Multiplicative correction factors were fitted to data from

the Herd Systems Experiment to adjust predicted intake and

maintenance due to effects of burning native savanna during

the dry season, compensatory gain during the early and/or

late rainy season, mineral deficiency, and the effects of

gestation and lactation. Running the model against dry

cows of Herds 4-5 of the HSE, results obtained for B, a

correction factor for burning the savanna, I and C, correc-

tion factors for intake and maintenance during compensatory

gain, were .89, 1.05, and .955, respectively. These values

yielded a Pearsonian correlation coefficient of .95 (p .001)
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for observed vs. simulated average daily gains of dry cows

from Herds 4-5 between March 1975 and June 1976. Correction

factors for intake (ELAC1) and maintenance (ELAC2) for cows

in early lactation, for intake (LLAC1) and maintenance

(LLAC2) for late lactating cows, and maintenance (LGEST) for

cows in late gestation were fitted against data from early

lactating, late lactating, and late gestation cows, respec-

tively, of Herds 4-5. Results obtained were ELAC1 and LLAC1

equal to 1.2, ELAC2 equal to 1.4, LLAC2 equal to 1.32, and

LGEST equal to 1.05. These values yielded Pearsonian correla

tion coefficients of .89 (p.01), .83 (p<.01), and .84 (p<.01)

between observed and predicted average daily gains for cows

in early lactation, late lactation, and late gestation from

Herds 4-5. A correction factor P, for mineral deficiency,

was fitted against dry cows of Herds 2-3. For P equal to .9,

a correlation coefficient of .9 (13<.01),_was obtained between

observed and predicted average daily gains of dry cows from

Herds 2-3. The first validation of the model was made

against lactating and late gestating cows of Herds 2-3 and

all cows from Herds 6-9 of the HSE. Results obtained for

correlation coefficients between observed and.predicted

average daily gains for early lactating, late lactating, and

late gestation cows from Herds 2-3 were .77 (p <.05), .75

(p<.05), and .62 (p<.10). Results obtained for Herds 6-7

were .93 (p<.001), .73 (p<.05), .94 (p<.001), and .87

(p<.01) for dry, early lactation, late lactation, and late
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gestation cows, respectively. Results for the same categories

of cows in Herds 8-9 were .9 (p<.01), .87 (p<.01), .88

(p<.01), and .93(p<001), respectively.

Two cows selected at random from each herd of the HSE

were then simulated to make the model dynamic and to perform

additional verifications and validations. Pearsonian correla-

tion coefficients between observed and predicted liveweights

were calculated in each case. Results for Herds 2-3, 4-5,

6-7, and 8-9 were .89 (p<.01), .92 (p .001), .20 and .12,

respectively. Additional validations were performed against

steer grazing data collected at Carimagua at the same time as

the HSE. Results for systems on native savanna plus minerals

were good. Results for systems on molasses grass were poor.

It was concluded that the model had difficulty in predicting

weight losses on molasses grass. It is the subjective

opinion of the author that the qualitative intake data for

molasses grass were too high.

A distribution relating liveweight at breeding to

probability of calving was developed from the data of the HSE.

Results showed less than 10% of conceptions occurring at

breeding weights below 260 kg, 10% or more of conceptions

occurring within each 20 kg weight interval from 260-380 kg

and fertility decreasing at cow breeding weights greater than

380 kg. Results obtained for predicting the calving rate

of each cow herd of the HSE were good but tended to under-

estimate the calving rate for values over 70%. A validation
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of the fertility predictions was conducted with preliminary

data available from a new series of breeding herd experiments

at Carimagua. Observed conceptions, based on palpations,

was 56 and 76% for two herds. Predicted fertility was 53 and

68% respectively. It is concluded that calving rate predic-

tions are conservative for values over 70%. In experimenting

with the model it was estimated that a ceiling of 80%

calving could be reached in the HSE with the use of minerals,

native savanna 8 months of the year, molasses grass from

July to November, and early weaning of all calves at 84

days of age.

Conclusions

Baldwin (1976) and Wright et al. (1976) have pointed

out that one of the values of a simulation exercise is that

it forces a modeler inexperienced or unfamiliar with the

system under study to learn about that system intensively and

in depth before he can model it successfully. This has

definitely been the case with the present study. The author

had limited personal acquaintance with the Llanos at the

beginning of this research. In the course of constructing

this model the author learned a great deal about a number

of cultural practices such as burning of native savanna,

continuous mating systems, strategic use of small amounts of

improved pasture and a number of biological phenomena such

as compensatory gain, the effect of acute phosphorus
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deficiency, and the relationship of cow liveweight to fer-

tility which he knew little about before. Constructing,

verifying, validating, and experimenting with this model,

in addition to travel in the Llanos have provided an inten-

sive exposure to beef cattle production in this part of the

world. In addition, four important results from this

exercise have been obtained:

1) The model quantified the nutritional stress that

breeding cows suffer in the Llanos. Estimates of the

shortfall between voluntary intake and maintenance requirements

for the main pasture treatments, for the time of year, and

for physiological status have been computed, verified, and

validated. This information is of great value in studying the

problem of nutritional stress and the best strategies for

supplying deficient nutrients. The model stresses the impor-

tance of sufficient dry matter intake and hence the importance

of sufficient energy in relieving nutritional stress. The

importance of energy has often been overlooked in tropical

range research.

The present strategy of CIAT's Beef Program is to

supply protein in the form of grass-legume pastures grazed

strategically. The main advantage of this system is that

these pastures supply protein in association with highly

palatable green matter and hence, supply energy as well.

2) The critical range of breeding weight for cows has

been quantified. The probability distribution developed in

this research indicates that fertility is very low below
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260 kg breeding weight and increases steadily to 320 kg

breeding weight. The strategy of relieving nutritional stress

by strategic use of a small amount of improved pasture or

by other techniques should keep the range- of 260-320 kg for

cow liveweights in mind. The closer a grade Zebu cow main-

tains herself to a minimum weight of 320 kg, the higher her

fertility. This information is the most important result

obtained from the research.

3) A simple simulation model has been developed for

future use. With the collection of accurate qualitative in-

take data by fistulated steers, it should be possible to

predict cow performance with this simulation model. This has

great practical use in the present research of CIAT's Beef

Program where a number of new kinds of grasses and grass-

legume pastures are being studied for future release to

cattlemen in tropical America.

4) Simulation by programmable calculator is an example

of an intermediate technology suitable for tropical America

where computer time is scarce and expensive. A new generation

of simulation models are being developed as the new technology

of programmable calculators and mini-computers becomes

available (Espadas, 1978). This type of simulation is in

its infancy.



201

LITERATURE CITED

Agricultural Research Council. 1965. The nutrient re-

quirements of farm livestock. No.2 Ruminants.

Agricultural Research Council, Her Majesty's

Stationery Office, London, United Kingdom.

Anderson, J.R. 1972. Economic models and agricultural

production systems. Proc.Aust.Soc.Anim.Prod. 9:77.

Arnold, G.W., N.A. Campbell, and K.A. Galbraith. 1977.

Mathematical relationships and computer routines for

a model of food intake, liveweight change and wool

production in grazing sheep. Ag.Systems 2:209.

Ashworth, A. 1969. Growth rates in children recovering

from protein calorie malnutrition. A.R.S., U.S.D.A.

Pub. A.R.S. 20-3.

Baldwin, R.L. 1976. Principles of modeling animal

systems. Proc. N.Z. Soc.Anim.Prod. 36:128.

Barr, Anthony J., James H. Goodnight, John P. Sall, and

Jane T. Helwig. 1977. A user's guide to SAS76.

SAS Institute, Inc., Raleigh, North Carolina.

Bravo, B. 1975. Systems analysis of a beef cattle enter-

prise. In: "Proceedings of the Seminar on Potential

to Increase Beef Production in Tropical America.

Cali, Colombia, February, 18-21, 1974." CIAT press.

Cali, Colombia.



202

Cartwright, T.C., H.A. Fitzhugh, Jr., and C.R. Long. 1975.

Systems analysis of sources of genetic and environ-

mental variation in efficiency of beef production:

mating plans. J.Anim.Sci. 40:433.

Cartwright, T.C., F.G. G6mez, J.O. Sanders, and T.C.

Nelsen. 1977. Simulated milk-beef production systems

in Colombia. Abstr. 69th Annual meeting American Soci-

ety of Animal Science, University of Wisconsin. P. 13.

Church, D.C. Ed. 1974. Digestive physiology and nutrition

of ruminants. Volume 3. Practical Nutrition. D.C.

Church, pub. Oregon State University, Corvallis,

Oregon.

CIAT. 1974. Annual Report 1973. CIAT, Cali, Colombia.

CIAT. 1975. Annual Report 1974. CIAT, Cali, Colombia.

CIAT. 1976. 1975 Annual Report.

Colombia.

CIAT press, Cali,

CIAT. 1977. 1976 Annual Report.

Colombia.

CIAT press, Cali,

CIAT. 1978. 1977 Annual Report. CIAT press, Cali,

Colombia (in press).

Condliffe, Susan. 1972. A user's guide to BLIV000 herd

development simulation with cash flow and rate of

return. International Bank for Reconstruction and

Development. International Finance Corp. Iterna-

tional Development Assoc. Dept. of Computing

Activities Document #LIV/UG/01/06-72. June, 1972.



203
Cook, C.W. 1964. Symposium on nutrition of forages and

pastures: collecting forage samples representative

of ingested material of grazing animals for nutri-

tional studies. J.Anim.Sci. 22:265.

Cunha, E., P. Caballo, and C.F. Chico. 1971. Composicift

quimica y digestibilidad in vitro del Tnachypogon Q.

AgronomIa Tropical XXI (3): 183.

Cunha, T., M. Koger, and A.C. Warnick. 1972. Crossbreed-

ing beef cattle. 2nd Series. Florida University

Press, Gainesville, Florida.

Edye, L.A., J.B. Ritsen, K.P. Haydock, and the Late J.

Griffiths Davis. 1971. Fertility and seasonal

changes in liveweight of Droughtmaster cows grazing

a Townsville stylo spear grass pasture. Aus.J.Ag.

Res. 22:963.

Espadas, Orlando T. 1978. Empleo de calculadoras progra-

mables en el andlisis de proyectos agricolas.

International Bank for Reconstruction and Development

ghe World Bank, Washington, D.0 August, 1978

(mimeographed).

FAO. 1965. Reconocimiento edafologico de los Llanos

Orientales, Colombia. FAO/SF/PNUD, Rome, Italy.

Fitzhugh, H.A., Jr., C.R. Long, and T.C. Cartwright. 1975.

Systems analysis of sources of genetic and environ-

mental variation in efficiency of beef production:

heterosis and complementarity. J.Anim.Sci. 40:421.

Forrester, J.W. 1971. World Dynamics. Wright Allen,

Cambridge, Mass.

Fox, D.G., R.R. Johnson R.L. Preston, T.R. Dockerty, and



204
E. Klosterman. 1972. Protein and energy utiliza

tion during compensatory growth in beef cattle.

J.Anim.Sci. 34:310.

Fox, D.G., R.L. Preston, B. Senft, and R.R. Johnson. 1974.

Plasma growth hormone levels and thyroid secretion

rates during compensatory growth in beef cattle.

J.Anim.Sci. 38:437.

Frisch, J.E. 1976. A model of reasons for breed differ-

ences in growth of cattle in the tropics. Proceed.

of Austral.Soc.Anim.Prod. 11:85.

Golding, E.J. 1976. Rational method for predicting

quality and digestible energy concentration of warm

season forages for ruminants. PhD. thesis, Univ. of

Florida, Gainesville, Florida (unpub.).

Goodall, D.W. 1969. Simulating the grazing situation.

In: Concepts and Models of Biomathematics: Simula

tion Techniques and Models. Vol.l., Heinments, F.

ed., Marcel Dekker, Inc., N.Y.

Grossman, J., S. Arnovich, and E. do C.B. Campello. 1966.

Grasslands of Brazil. Proceedings of the IX Inter-

national Grassland Congress. 9: 39.

Harvey, W.R. 1960. Least squares analysis of data with

unequal subclass numbers. Agricultural Research

Service. USDA/ARS 20-8.

Helwig, Jane T. 1976. SAS supplemental library user's

guide. SAS Institute Inc., Raleigh, North Carolina.

IDIAP. 1977. Suplementacion mineral (p). Carta Informa-

tiva Pecuaria 1(3):5.

Jeffrey, H. 1976. Simulation of beef production systems



205

in the moist subtropics. J. of Austral.Inst.of Ag.

Sci. 42:104.

Joandet, G.E., and T.C. Cartwright. 1975. Modeling beef

production systems. J.Anim.Sci. 41:1238.

Juri, Patricia, Nestor F. Gutierrez, and Alberto Valdes.

1977. Modelo de simulacion por computador Para fin-

cas ganaderas. CIAT press, CIAT Cali, Colombia.

Lebdosoekojo, Soekanto. 1977. Mineral supplementation of

grazing beef cattle in Eastern Plains of Colombia.

PhD. Thesis, University of Florida, Gainesville,

Florida (unpub.).

Levine, J.M. and W.D. Hohenboken. 1978. Crossbred lamb

production from farm-flock Columbia and Suffolk

ewes. I. Ewe production and lamb traits. J.Anim.

Sci. 47:89.

Levine, J.M., W.D. Hohenboken, and A.G. Nelson. 1978.

Crossbred lamb production from farm-flock Columbia

and Suffolk ewes. II. Simulation,of the sheep flock:

net income per ewe. J.Anim.Sci. 47:97.

Little, D.A. 1970. Factors of importance in the phospho-

rous nutrition of beef cattle in Northern Australia.

Aus.Vet.Journal 46:241.

Long, Charles. 1973. Application of mathematical pro-

gramming to evaluation of systems of beef cattle

breeding. PhD. Thesis. Texas A&M Univ. College

Sta. Texas.

Long, C.R., T.C. Cartwright, and H.A. Fitzhugh, Jr. 1975.

Systems analysis of genetic and environmental varia-

tion in efficiency of beef production: cow size and



206
herd management. J.Anim.Sci. 40:409.

Maynard, L.A., and Loosli, J.K. 1969. Animal Nutrition.

McGraw-Hill, New York, N.Y.

McDowell, Lee W., and Joe H. Conrad. 1977. Trace mineral

nutrition in Latin America. World Animal Review 24:

24.

McDowell, R.E. 1972. Improvement of livestock production

in warm climates. W.H. Freeman and Company, San

Francisco, California, U.S.A.

Mejia, L. 1975. Characteristics of a common soil topose-

quence of the Llanos Orientales of Colombia. PhD.

Thesis. North Carolina State University, Raleigh,

North Carolina (4npubj

Meyer, J.H. and W.J. Clawson. 1964. Undernutrition and

subsequent realimentation in rats and sheep. J.Anim.

Sci. 23:214.

Meyer, J.H., J.L. Hull, W.H. Weitkamp and S. Bonilla.

1965. Compensatory growth respon-Ses of fattening

steers following various low energy intake regimes

in hay or irrigated pastures. J.Anim.Sci. 24:29.

Mill, S.J., and J.W. Longwirth. 1975. Stochastic-

computerized-activity-budgeting for sheep enter-

prises. Austral. J.Ag.Econ. 18:108.

Miller, S.F., and Halter, A.N. 1973. Systems-simulation
in a practical policy-making setting: the Venezuelan

cattle industry. Am.J. of Ag.Econ. 55:420.

Miller, Wilbur C. 1975. Mathematical modeling of beef

production systems. PhD. Thesis. Colorado State

Univ., Ft. Collins, Colorado



207
Moore, C.P. 1976. Uso del forraje de yuca en la alimen-

taci6n de rumiantes. Memoria del Seminario Interna-

cional de Ganaderia Tropical. Secretaria de

Agricultura y Ganaderia, Banco de Mexico, FIRA.

Acapulco; Mexico, p, 47.

Morris, C.A., and J.W. Wilton. 1976. Integrated beef

production models for crossbreeding studies: com-

parison of different management programs. Can.J.

Anim.Sci. 56:475.

Mulloz, H., and T. Martin. 1969. Crecimiento antes y

despues del destete en ganado Santa Gertrudis,

Brahman y Criollo, y sus cruces reciprocas. ALPA

Mem. 4:7.

National Research Council. 1970. Nutrient requirements

of beef cattle. National Academy of Sciences,

Washington, D.C.

National Research Council. 1976. Nutrient requirements

of beef cattle. National Academy of Sciences,

Washington, D.C.

Nores, Gustavo A., and Estrada, Ruben Dario. 1978.

Economic evaluation of alternative cow-calf and fat-

tening systems in the Eastern Colombian plains. In:

Proceedings of the Seminar on Forage Production and

Utilization on Acid, Infertile Tropical Soils. CIAT;

Cali, Colombia. April 16-21, 1978. CIAT press,

Cali, Colombia (in press).

Noy-Meir, I. 1976. Rotational grazing in a continuously

growing pasture. Ag.Systems 1:87.

Paladines, 0. 1975. Management and utilization of native

tropical pastures in America. In: Proceedings of



208

the Seminar on Potential to Increase Beef Production

in Tropical America. Cali, Colombia, February 18-21,

1974. CIAT publication, Cali, Colombia.

Paladines, O. 1978. Sistemas de produccion ganadera en

el tropic() de America. Proceedings of the IV World

Conference on Animal Production, Buenos Aires,

Argentina, August 20-26, 1978 (in press).

Paladines, O. and J.A. Leal. 1978. Manejo y productividad

de las praderas en los Llanos Orientales de Colombia.

In: Proceedings of the Seminar on Forage Production

and Utilization on Acid, Infertile, Tropical Soils.

CIAT, Cali, Colombia. April 16-21, 1978. CIAT press,

Cali, Colombia (in press).

Perez, T., H. Mufloz, S. Labre, and 0.W. Deaton. 1971.

Kilogramos de becerros destetados por vaca-expuesta

a toro en las razas Brahman, Criolla y Santa Gertru-

dis. APLA Mem. 6:41.

Plasse, D. 1975. Genetic systems for the improvement of

production in the tropics. In: Proceedings of the

Seminar on Potential to Increase Beef Production in

Tropical America. Cali, Colombia, Feb. 18-21, 1974.

CIAT press, Cali, Colombia.

Plasse, D., O. Verde, B. Mueller-Haye, M. Burguera, and J.

Rios. 1973. Comportamiento productivo de 804 tauxuis

y 130.6- inditu4 y sus cruces en el Llano Venezolano.

VII. EstimaciOn de heterosis en crecimiento.

IV Reunion ALPA Mem. G-50 (Abstract).

Posada, A. 1974. A simulation analysis of policies for

Northern Colombia beef cattle industry. PhD. Thesis.

Michigan State University. E. Lansing, Michigan

(unpub.)



209

Powers, T. 1975. Modelo de simulacion Herdsim. Manual

de Usuario. Banco Interamericano de Desarrollo,

Departamento de Desarrollo Econtimico y Social.

Washington, D.C., February, 1975.

Preston, T.R. and M. B. Willis. 1974. Intensive beef produc-

tion. Pergamon Press, Oxford.

Raun, N.S. 1976. Beef cattle production practices in the

lowland American tropics. World Animal Review. 19:

18.

Reeves, G.W., E.K. Sekays, D.E. Abel, and I.R. Cottingham.

1974. A computer model simulating extensive beef

cattle production systems. Bur.Ag.Econ. Canberra

Australia Occasional Paper 21.

Rice, R.W., J.G. Morris, B.T. Maeda, and R.L. Baldwin.

1974. Simulation of animal functions in models of

production systems: ruminants on the range. Fed.

Proc. 33:196.

Richardson, F.D., J. Oliver, and G.P.Y._Clarke. 1975.

Analyses of some factors which affect the productiv-

ity of beef cows and of their calves in a marginal

rainfall area, of Rhodesia. Anim.Prod. 21:49.

Salazar, J.J. 1971. Comportamiento de tres razas nativas

colombianas y sus cruces con toros Brahman "y

Charolaise. 5th Annual Conference on Agriculture

and Livestock, Gainesville, Florida. Me.2, Florida

University Press, Gainesville, Florida.

Sanchez, P.A. and Isbell, R.F 1978. A comparison of the

soils of tropical Latin America and tropical Australia.

Proceedings of the Seminar on Forage Production and

Utilization on Acid, Infertile, Tropical Soils. CIAT,



210

Cali, Colombia, April 17-21, 1978 (in press).

Sanders, J.O. 1977. Application of a beef cattle produc-

tion model to the evaluation of genetic selection

criteria.. PhD. Thesis, Texas AW Univ. College

Sta, Texas (unpub.).

Santhirasegaram, K. 1976. Recent advances in pasture

development in the Peruvian tropics. World Animal

Review 17:34.

Sheehy, E.J. and B.J. Senior. 1942. Storing cattle at

different levels of nutrition. J.Dept.Agr.Eire. 39:

245.

Siebert, B.D. and R.A. Hunter. 1977. Prediction of

herbage intake and liveweight gain of cattle grazing

tropical pastures from the composition of the diet.

Ag. Systems 2:199.

Smith, R.C.G. and W. Williams. 1973. Model development

for a deferred grazing system. J. RangeMgmt 26:454.

Smith, R.C.G. and W.A. Williams. 1976. Deferred grazing

of mediterranean annual pasture for increased winter

sheep production. Agricultural Systems 1:37.

Stonaker, H.H. 1971. Animal breeding in the tropics of

Latin America. J.Anim.Sci. 33:1.

Stonaker, H.H. 1975. Beef production systems in the

tropics. I. Extensive production systems on infer-

tile soils. J.Ani.Sci. 41:1218.

Stonaker, H.H., Jaime Villar, Gustavo Osorio, and Jairo

Salazar. 1976. Differences among cattle and farms

as related to beef cow reproduction in the Eastern

Plains of Colombia. Trop.Anim.Hlth.Prod. 8:147.



211

Swartzman, G. and George van Dyne. 1972. An ecologically

based simulation-optimization approach to natural

resource planning. Ann.Rev.Ecol. and Systematics 3:

347.

't Mannetje, L. and D.B. Coates. 1976. Effects of pas-

ture improvement on reproduction and preweaning

growth of Hereford cattle in central sub-coastal

Queensland. Proc.Aust.Soc.Anim.Prod. 11:257.,

Tokarnia, C.H., C.F.C. Canella, J.A. Guimaraes, J.

Doberainer, and J. Langenagger. 1970. Deficiencia

de fosforo em bovinos no Piaui. Pesquisa Agropecuaria

Brasileira 5:483

Torres, Filemon, Christina Boelke, and No Cezar. 1977.

Aplicaci6n del enfoque de sistemas a la programaci6n

de la investigaci6n: producci6n de carne con bovinos

en el Cerrado del Brasil Central. Empresa Brasileira

de Pesquisa Agropecuaria (EMBRAPA), Centro Nacional

de Pesquisa em Gado de Corte. Campo Grande, Mato

Grosso, Brazil. Special Publication. March, 1977.

Trebeck, David B. 1972. Simulation as an aid to research

into extensive beef production. Proc.Aust.Soc.Anim.

Prod. 9:94.

Vald6s, A. and D.L. Franklin. 1978. Interaccion de poli-

ticas de credit() y precios en la adopci6n de nueva

tecnologia: un anglisis ex-ante de ganaderia en los

Llanos de Colombia. In: Proceedings of the Workshop

on Economic Analysis in the Design of New Technology

for the Small Farmer, CIAT, Cali, Colombia, 26-28

November, 1975. Iowa State University Press, Ames,

Iowa (in press).



212

Van Niekerk, B.D.H. 1975. Supplementation of grazing

cattle. In: Proceedings of the Seminar on Potential

to Increase Beef Production in Tropical America.

Cali, Colombia, February 18-21, 1974. CIAT press,

Series CE.-10, Cali, Colombia

Vickery, P.J. and D.A. Hedges. 1972. Mathematical

relationships and computer routines for a productivity

model of improved pasture grazed by Merino sheep.

CSIRO Anim.Res.Lab.Tech. Paper #4.

Waugh, Frederick. 1951. The minimum cost dairy feed. J.

Farm Econ. Aug. 291.

Wedin, W.F. and S.C. James. 1974. Programming approach

for developing forage-livestock systems. In: Systems

Analysis in Forage Crops Production and Utilization.

Crop Sci.Soc. of Amer. Special Pub. #6.

White, T. Kelley, B.A. McCarl, R.D. May, and T.H. Spreen.

1978. A systems analysis of the Guyanese livestock

industry. Ag.Systems 3:47.

Wiltbank, J.N. 1976. Problems in calf crops and long

calving seasons. In: Memaria del Seminario Interna-

cional de Ganaderia Tropical. FIRA. Secretaria de

Agricultura y Ganaderla, Banco de Mexico, Acapulco,

Mexico. pp.81-91.

Wiltbank, J.N., A.C. Cook, R.E. Davis, and E.J. Warwick.

1957. The effect of various combinations of energy

and protein on the occurence of estrus, length of

the estrus period and time of ovulation in beef

heifers. J.Anim.Sci. 16:100 (Abstr.).

Wiltbank, J.N., W.W. Rowden, J.E. Ingalls K.E. Gregory,

and R.M. Koch. 1962. Effect of energy level on



213

reproductive phenomena of mature Hereford cows.

J.Anim.Sci. 21:219.

Wilton, J.W. and C.A. Morris. 1976. Effects of reproduc-

tive performance and mating system on farm gross

margins in beef production. Can.J.Anim.Sci. 56:171.

Wilton, J.W., C.A. Morris, E.A. Jenson, A.D. Leigh, and

W.C. Pfeifer. 1974. A linear programming model for

beef cattle production. Can.J.Anim.Sci. 54:693.

Wright, A., J.A. Baars, A.M. Bryant, T.F. Reardon, W.M.H.

Saunders, and D.H. Wilson. 1976. An evaluation of

the role of systems modeling in an agricultural

research programme. Proc.N.Z.Soc.Anim.Prod. 36:150.

Wright, A. and J.D. Dent. 1969. The application of

simulation techniques to the study of grazing systems.

Aus.J.Ag.Econ. 13:144.



APPENDICES



214

Table I. Distribution of cow numbers within
physiological status: Herd 2

Date of
weighing

2/74
4074
6/74
7/74
9/74

11/74
1/75
3/75
5/75
7/75

9/75
11/75
12/75
3/76
4/76

6/76
8/76

10/76
12/76
1/77

3[77

Dry Late
gestation

25 10
25 4

22 -4

20 7

19 4

12 8

12 12
12 3

12 0

22 1

17 6

20 6
21 7

21 3

19 4

20 5

18 5

13 9

13 8

8 7

3
507 i5 a

Early
lactation

Late
lactation

0 0

6 0

9 0

6 1

5 5

9 5

2 7

9 8

10 10
0 10

0 10
1 6

4 1

7' 2

4 6

2 6

3 7

5 5

6 6
g 7

5 12
5 11
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Table 2. Distribution of cow numbers within
physiological status: Herd 3

Date of
weighing Dry Late

gestation
-Early

lactation
Late

lactation

2/74 30 6 0 0
4/74 24 7 3 0

6/74 21 8 5 0

7/74 21 7 5 1

9/74 21 3 8 2

11/74 19 2 6 7

1/75 14 5 6 8

3/75 10 9 3 10
5/75 14 5 6 8

7/75 14 6 6 4

9/75 13 8 2 7

11/75 14 6 5 7
12/75 10 6 8 8

3/76 14 6 3- 9

4/76 15 2 6 9

6/76 14 5 3 9

8/76 14 8 3 5

10/76 15 4 5 6

12/76 17 3 6 4

1/77 12 7 3 6

3/77 15 1 6 6
5/77 15 0 7 5
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Table 3. Distribution of cow numbers within
physiological status: Herd 4

Date of
weighing Dry Late

gestation
Early

lactation
Late

lactation

2/74 15 9 19 0

4/74 10 9 13 0

6/74 9 6 16 0

7/74 8 5 11 7

9/74 7 4 6 14

11/74 3 4 8 17
1/75 9 9 3 10
3/75 9 3 8 11

5/75 13 2 5 10
7/75 14 7 3 7

9/75 16 4 5 6
11/75 13 8 7 4

12/75 13 10 6 3

3/76 8 6 1. 9

4/76 10 3 7 12

6/76 10 6 5 11

8/76 12 7 2 11

10/76 13 7 5 7

12/76 13 5 6 8

1/77 13 6 8 5

3/77 14 2 5 11
5177 18 0 5 9
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Table 4. Distribution of cow numbers within
physiological status: Herd 5

Date of
weighing Dry Late

gestation
Early

lactation
Late

lactation

2/74 14 20 0 0
4/74 9 9 15 0
6/74 10 7 16 0
7/74 10 3 15 5
9/74 8 4 5 16

11/74 7 3 3 20
1/75 15 6 4 8
3/75 16 7 1 9
5/75 15 5 6 6
7/75 13 8 4 8

9/75 17 7 5 4
11/75 10 11 7 5
12/75 9 11 7 6
3/76 6 6 12- 9
4/76 5 4 9 15

6/76 7 5 7 13
8/76 11 4 3 15

10/76 16 4 5 8
12/76 16 8 4 5
1/77 13 11 4 5

3/77 10 9 9 4
5/77 14 0 11 8
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Table 5. Distribution of cow numbers within
physiological status: Herd 6

Date of
weighing Dry -Late

gestation
Early

lactation
Late

lactation

2/74 17 19 0 0
4/74 15 7 13 0
6/74 8 9 18 0

7/74 8 10 15 2

9/74 10 1 10 14

11/74 8 2 9 16
1/75 15 8 1 11
3/75 8 9 7 11
5/75 6 11 8 10
7/75 9 8 11 7

9/75 12 3 10 9
11/75 12 1 9 12
12/75 15 4 5 11

3/76 8 11 -3-' 13
4/76 12 7 8 8

6/76 15 6 9 5

8/76 12 7 9 7

10/76 15 6 5 9
12/76 16 1 6 12
1/77 13 8 5 9

3/77 14 6 4 9

5/77 17 0 10 6
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Table 6. Distribution of cow numbers within
physiological status: Herd 7

Date of
weighing Dry Late

gestation
Early

lactation
Late

lactation

2/74 18 17 0 0
4/74 13 19 3 0
6/74 9 8 18 0
7/74 8 8 19 0
9/74 1 4 9 15

11/74 3 4 8 20
1/75 5 8 4 18
3/75 13 4 5 13
5/75 11 8 8 8

7/75 16 5 8 5

9/75 13 6 9 6
11/75 13 5 5 12
12/75 12 7 7 9
3/76 5 10 7- 13
4/76 10 6 9 10

6/76 12 5 10 8
8/76 12 2 8 13

10/76 9 10 5 11
12/76 9 12 2 12
1/77 15 3 10 7

3/77 17 1 11 6
5/77 20 0 4 11
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Table 7. Distribution of cow numbers within
physiological status: Herd 8

Date of
weighing Dry Late Early

lactation
Late

lactation

2/74 15

_gestation

20 0 0

4/74 8 15 12 0

6/74 9 7 19 0

7/74 9 2 21 3

9/74 8 3 5 19

11/74 7 2 4 22
1/75 16 3 3 13
3/75 20 6 2 7

5/75 19 7 4 5

7/75 16 10 6 3

9/75 18 6 6 4

11/75 12 7 9 6

12/75 7 13 8 7

3/76 9 3 12 9

4/76 5 5 9 12

6/76 8 7 4 10
8/76 9 4 6 10

10/76 13 0 7 9

12/76 15 4 4 6

1/77 14 8 0 7

3/77 12 3 5 5

5/77 15 0 8 2
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Table 8. Distribution of cow numbers within
physiological status: Herd 9

Date of
weighing Dry Late

gestation
Early

lactation
Late

lactation

2/74 9 28 0 0

4/74 7 15 12 0
6/74 7 3 24 0
7/74 8 3 19 4

9/74 8 2 3 21

11/74 8 2 2 22
1/75 19 5 2 8
3/75 19 8 3 3
5/75 15 7 6 4
7/75 16 6 7 4

9/75 15 7 6 5

11/75 12 6 7 8

12/75 4 14 6 9
3/76 6 4 14- 8
4/76 8 2 11 11

6/76 12 2 4 14
8/76 11 5 1 15

10/76 15 6 2 9
12/76 18 6 6 2
1/77 14 9 6 3

3/77 13 5 6 7

5/77 14 0 9 9
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Table 9. Mean squares for HSE cow weights
Herds 2-5. 2/74 weighing

Source D.P. mean squares

1. Total 135

2. Minerals 1 35256.**

3. Urea Suppl. 1 131.

4. Weaning 1 623.

5. Physiological 1 23710.**
Status

2 x 3 1 702.

2 x 4 1 79.

2 x 5 1 S.

3 x 4 1 2112.

3 x 5 1 849.

Remainder 125 805.
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Table 10. Mean squares for HSE cow weights
Herds 2-5. 4/74 weighing

Source D.F. mean squares

1. Total

2. Minerals

3. Urea Supp1.

132

1

1

27813. **

3839.*

4. Weaning 1 247.

5. Physiological 2 6190. **
Status

2 x 3 1 323.

2 x 4 1 281.

2 x 5 2 552.

3 x 4 1 1776.

3 x 5 2 535.

Remainder 119 784.



224

Table 11. Mean squares for HSE cow weights
Herds 2-5. 6/74 weighing

Source D.F mean squares

1. Total

2. Minerals

131

1 8931.**

3. Urea Suppi. 1 981.

4. Weaning 1 5841.*

5. Physiological 2 11943.**
Status

2 x 3 1 829.

2 x 4 1 154.

2 x 5 2 816.

3 x 4 1 2944.

3 x 5 2 1078.

Remainder 118 1065.
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Table 12. Mean squares for HSE cow weights
Herds 2-5. 7/74 weighing

Source D.F. Mean squares

1. Total 131

2. Minerals 1 3144.*

3. Urea Suppl. 1 5750.*

4. Weaning 1 4868.*

5. Physiological 3 16940.**
Status

2 x 3 1 8079.*

2 x 4 1 44.

2 x 5 3 4549.*

3 x 4 1 1679.

3 x 5 3 965.

Remainder 115 1311.
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Table 13. Mean squares for HSE cow weights
Herds 2-5. 9/74 weighing

Source D.F. Mean squares

1. Total 131

2. Minerals 1 18447.**

3. Urea suppl. 1 632.

4. Weaning 1 13826.**

S. Physiological 3 26166.**
Status

2 x 3 1 96.

2 x 4 1 16.

2 x 5 3 544.

3 x 4 1 850.

3 x 5 3 135.

Remainder 115 1437.
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Table 14. Mean squares for HSE cow weights
Herds 2-5. 11/74 weighing

Source D.F. Mean squares

1. Total 132

2. Minerals 1 33668.**

3. Urea Suppl. 1 1973.

4. Weaning 1 274.

5. Physiological 3 23345.**
Status

2 x 3 1 1500.

2 x 4 1 2821.

2 x 5 3 2615.

3 x 4 1 2286.

3 x 5 3 2208.

Remainder 116 1596.
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Table 15. Mean squares for HSE cow weights
Herds 2-5, 1/75 weighing

Source D.F. Mean squares

1. Total

2. Minerals

129

1 18779.**

3. Urea Suppl. 1 1257.

4. Weaning 1 445.

5. Physiological 3 32858.**
Status

2 x 3 1 2110.

2 x 4 1 2402.

2 x 5 3 2562.

3 x 4 1 58.

3 x 5 3 938.

Remainder 113 1274.
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Table 16. Mean squares for HSE cow weights
Herds 2-5. 3/75 weighing

Source D.F. Mean squares

1. Total

2. Minerals

3. Urea Suppl.

127

1

1

25940.**

16.

4. Weaning 1 41.

5. Physiological 3 6836. **
Status

2 x 3 1 1041.

2 x 4 1 2193.

2 x 5 3 2871.*

3 x 4 1 146.

3 x 5 3 598.

Remainder 111 951.
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Table 17, Mean squares for HSE cow weights
Herds 2-5. 5/75 weighing

Source D.F. Mean squares

1. Total 126

2. Minerals 1 6353.*

3. Urea Suppi. 1 241.

4. Weaning 1 25.

5. Physiological 3 3042.
Status

2 x 3 1 499.

2 x 4 1 698.

2 x S 3 1152.

3 x 4 1 852.

3 x 5 3 '212.

Remainder 110 1366.
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Table 18. Mean squares for HSE cow weights
Herds 2-5. 7/75 weighing

Source D.F. Mean squares

1. Total 126

2. Minerals 1 10759.**

3. Urea Suppl. 1 1073.

4. Weaning 1 1111.

5. Physiological 3 5766.**
Status

2 x 3 1 1618.

2 x 4 1 958.

2 x 5 3 45.

3 x 4 1 296.

3 x 5 3 299.

Remainder 110 1209.
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Table 19. Mean squares for HSE cow weights
Herds 2-5. 9/75 weighing

Source D.F. Mean squares

1. Total 126

2. Minerals 1 8540.**

3. Urea Suppl. 1 649.

4. Weaning 1 152.

5. Physiological 3 3874.*
Status

2 x 3 1 68.

2 x 4 1 1104.

2 x 5 3 285.

3 x 4 1 13.

3 x 5 3 226.

Remainder 110 1036.
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Table 20. Mean squares for HSE cow weights
Herds 2-5. 11/75 weighing

Source D.F. Mean squares

1. Total 129

2. Minerals 1 12932.**

3. Urea Suppi. 1 448.

4. Weaning 1 114.

5. Physiological 3 10204.**
Status

2 x 3 1 340.

2 x 4 1 445.

2 x 5 3 269.

3 x 4 1 236.

3 x 5 3 3375.

Remainder 113 1281.
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Table 21. Mean squares for HSE cow weights
Herds 2-5. 12/75 weighing

Source D.F. Mean squares

1. Total 129

2. Minerals 1 14076.**

3. Urea Suppi. 1 5282.

4. Weaning 1 560.

5. Physiological 3 12473.**
Status

2 x 3 1 1735.

2 x 4 1 15.

2 x 5 3 846.

3 x 4 1 3163.

3 x 5 3 3892.

Remainder 113 1545.
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Table 22. Mean squares for HSE cow weights
Herds 2-5. 3/76 weighing

Source D.F. Mean squares

1. Total 129

2. Minerals 1 18558.**

3. Urea Suppl. 1 236.

4. Weaning 1 45.

5. Physiological 3 15947.**
Status

2 x 3 1 504.

2 x 4 1 2352.

2 x 5 3 460.

3 x 4 1 2107.

3 x 5 3 1413.

Remainder 113 1295.
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Table 23. Mean squares for HSE cow weights
Herds 2-5. 4/76 weighing

Source D.F. Mean squares

1. Total

2. Minerals

129

1 13848.**

3. Urea Suppi. 1 5066.*

4. Weaning 1 8.

5. Physiological 3 15357.**
Status

2 x 3 1 7337.*

2 x 4 1 436.

2 x 5 3 1499.

3 x 4 1 11254.**

3 x 5 3 788.

Remainder 113 1219.
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Table 24. Mean squares for HSE cow weights
Herds 2-5, 6176 weighing

Source D.F. Mean squares

1. Total 127

2. Minerals 1 23890.**

3. Urea Suppl. 1 23.

4. Weaning 1 186.

5. Physiological 3 24631.**
Status

2 x 3 1 2673.

2 x 4 1 5481.

2 x 5 3 890.

3 x 4 1 3715.

3 x 5 3 1522.

Remainder 111 1401.
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Table 25. Mean squares for HSE cow weights
Herds 2-5. 8/76 weighing

Source D.F. Mean squares

1. Total 127

2. Minerals 1 35418.**

3. Urea Suppl. 1 455.

4. Weaning 1 2596.

5. Physiological 3 30608.**
Status

2 x 3 1 7496.*

2 x 4 1 2254.

2 x 5 3 2473.

3 x 4 1 4822.

3 x 5 3 374.

Remainder 111 1585.
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Table 26. Mean squares for HSE cow weights
Herds 2-S. 10/76 weighing

Source D.F. Mean squares

1. Total

2. Minerals

126

1 48041.**

3. Urea Suppl. 1 45.

4. Weaning 1 89.

5. Physiological 3 13435.**
Status

2 x 3 1 3331.

2 x 4 1 13910.**

2 x 5 3 2902.

3 x 4 1 3013.

3 x 5 3 1302.

Remainder 110 1771.
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Table 27. Mean squares for HSE cow weights
Herds 2-5. 12/76 weighing

Source D.F. Mean squares

1. Total 127 -

2. Minerals 1 26094.**

3. Urea suppl. 1 5.

4. Weaning 1 93.

5. Physiological 3 9076.**
Status

2 x 3 1 761.

2 x 4 1 10650.**

2 x 5 3 1199.

3 x 4 1 2925.

3 x 5 3 1537.

Remainder 111 1906.
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Table 28. Mean squares for HSE cow weights
Herds 2-5. 1/77 weighing

Source D.F. Mean squares

1. Total

2. Minerals

123

1

-

44052.**

3. Urea Suppl. 1 132.

4. Weaning 1 2308.

5. Physiological 3 13302.**
Status

2 x 3 1 266.

2 x 4 1 15186.**

2 x 5 3 1971.

3 x 4 1 993.

3 x 5 3 3101.

Remainder 107 1555.
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Table 29. Mean squares for HSE cow weights
Herds 2-5. 3/77 weighing

Source D.F. Mean squares

1. Total

2. Minerals

122

1 27275.**

3. Urea Suppl. 1 1285.

4. Weaning 1 199.

5. Physiological 3 16963.**
Status

2 x 3 1 2282.

2 x 4 1 12151.**

2 x 5 3 1032.

3 x 4 1 1315.

3 x 5 3 4846.*

Remainder 106 1385.
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Table 30. Mean squares for HSE cow weights
Herds 2-5. 5/77 weighing

Source D.F. Mean squares

1. Total 122

2. Minerals 1 25010.**

3. Urea Suppl. 1 159.

4. Weaning 1 199.

5. Physiological 2 10684.**
Status

2 x 3 1 1639.

2 x 4 1 7606.*

2 x 5 2 , 647.

3 x 4 1 3414.

3 x 5 2 1617.

Remainder 109 1602.
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Table 31. Mean squares for HSE cow weights
Herds 4-9. 2/74 weighing

Source D.P. Mean squares

1. Total 210

2. Pastures 2 469.

3. Urea Suppl. 1 15.

4. Weaning 1 13.

5. Physiological 1 44665.**
Status

2 x 3 2 1467.

2 x 4 2 546.

2 x 5 2 278.

3 x 4 1 354.

3 x 5 1 615.

Remainder 196 853.



245

Table 32. Mean squares for HSE cow weights
Herds 4-9. 4/74 weighing

Source D.T. Mean squares

1. Total

2. Pastures

203

2

-

7758.**

3. Urea Suppl. 1 16981.**

4. Weaning 1 3713.*

5. Physiological 2 21743.**
Status

2 x 3 2 5582.**

2 x 4 2 387.

2 x 5 4 2124.*

3 x 4 1 7.

3 x 5 2 299.

Remainder 185 794.
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Table 33. Mean squares for HSE cow weights
Herds 4-9. 5/74 weighing

Source D.F. Mean squares

1. Total

2. Pastures

3. Urea Suppl.

4. Weaning

5. Physiological
Status

202

2

1

1

2

133.

2184.

20830.**

13484.**

2 x 3 2 463.

2 x 4 2 557.

2 x 5 4 475.

3 x 4 1 504.

3 x 5 2 228.

4 x 5 1 14257.**

Remainder 183 969.
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Table 34. Mean squares for HSE cow weights
Herds 4-9. 7/74 weighing

Source D.F. Mean squares

1. Total

2. Pastures

3. Urea Suppi.

4. Weaning

5. Physiological
Status

202

2

1

1

3

4668.*

1211.

15518.**

35469.**

2 x 3 2 645.

2 x 4 2 403.

2 x 5 6 1996.

3 x 4 1 65.

3 x 5 3 1494.

4 x 5 1 13026,.**

Remainder 179 1131.
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Table 35. Mean squares for HSE cow weights
Herds 4-9. 9/74 weighing

Source D.F. Mean squares

1. Total

2. Pastures

3. Urea Suppi.

202

2

1

1216.

1145.

4. Weaning 1 19789.**
5. Physiological 3 70342. **

Status

2 x 3 2 1605.

2 x 4 2 581.

2 x 5 6 1756.

3 x 4 1 305.

3 x 5 3 548.

Remainder 180 1493.
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Table 36. Mean squares for HSE cow weights
Herds 4-9. 11/74 weighing

Source D.F. Mean squares

1. Total 203

2. Pastures 2 1582.

3. Urea Suppl. 1 313.

4. Weaning 1 51.

5. Physiological 3 52139.**
Status

2 x 3 2 14.

2 x 4 2 2365.

2 x 5 6 4584.**
3 x 4 1 988.

3 x 5 3 2866.

Remainder 181 1542.



250

Table 37. Mean squares for HSE cow weights
Herds 4-9. 1/75 weighing

Source D.F. Mean squares

1. Total

2. Pastures

3. Urea Suppi.

4. Weaning

5. Physiological
Status

202

2

1

1

3

2012.

547.

18344.**

32137.**

2 x 3 2 927.

2 x 4 2 3949.

2 x 5 6 2147.

3 x 4 1 87.

3 x 5 3 325.

4 x 5 1 9694.*

Remainder 179 1482.
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Table 38. Mean squares for HSE cow weights
Herds 4-9. 3/75 weighing

Source D.F. Mean squares

1. Total

2. Pastures

3. Urea Suppl.

4. Weaning

5. Physiological

202

2

1

1

3

1095.

2139.

20229.**

15754.**

2 x 3 2 419.

2 x 4 2 9328.**

2 x 5 6 2846.*

3 x 4 1 482.

3 x 5 3 149.

4 x 5 1 4517.

Remainder 179 1179.
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Table 39. Mean squares for HSE cow weights
Herds 4-9. 5/75 weighing

Source D.P. Mean squares

1. Total

2. Pastures

3. Urea Suppl.

4. Weaning

5. Physiological
Status

199

2

1

1

3

3.

140.

17811.**

16690.**

2 x 3 2 5048.*

2 x 4 2 1613.

2 x 5 6 1694.

3 x 4 1 1082.

3 x 5 3 938.

4 x 5 2 2061.

Remainder 175 1142.
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Table 40. Mean squares for HSE cow weights
Herds 4 -9.. 7/75 weighing

Source D.P. Mean squares

1. Total 201 -

2. Pastures _ 2 2658.

3. Urea SuppI. 1 229.

4. Weaning 1 890.

5. Physiological 3 18871.**
Status

2 x 3 2 4732.*

2 x 4 2 1365.

2 x 5 6 1876.

3 x 4 1 1013.

3 x 5 3 984.

Remainder 179 1247.
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Table 41. Mean squares for HSE cow weights
Herds 4-9. 9/75 weighing

Source D.P. Mean squares

1. Total 199

2. Pastures 2 1754.

3. Urea Suppl. 1 0.04

4. Weaning 1 1589.

5. Physiological 3 5895.**
Status

2 x 3 2 536.

2 x 4 2 471.

2 x 5 6 285.

3 x 4 1 589.

3 x S 3 150.

Remainder 177 1070.
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Table 42. Mean squares for HSE cow weights
Herds 4-9. 11/75 weighing

Source D.F. Mean squares

1. Total 201

2. Pastures 2 4246.*

3. Urea Suppl. 1 2.

4. Weaning 1 2252.

5. Physiological 3 38059.**
Status

2 x 3 2 268.

2 x 4 2 1405.

2 x 5 6 1309.

3 x 4 1 344.

3 x 5 3 131.

Remainder 179 1110.
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Table 43. Mean squares for HSE cow weights
Herds 4-9. 12/75 weighing

Source D.P. Mean squares

1 Total 203

2. Pastures 2 117.

3. Urea Suppi. 1 1160.

4. Weaning 1 8569.*

5. Physiological 3 44914.**
Status

2 x 3 2 1708.

2 x 4 2 386.

2 x 5 6 1240.

3 x 4 1 732.

3 x 5 3 2010.

Remainder 181 1303.
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Table 44. Mean squares for HSE cow weights
Herds 4-9. 3/76 weighing

Source D.F. Mean squares

1. Total 200

2. Pastures 2 1746.

3. Urea Suppl. 1 6421.*

4. Weaning 1 14790.**

5. Physiological 3 38182.**
Status

2 x 3 2 2650.

2 x 4 2 4420.*

2 x 5 6 2579.

3 x 4 1 533.

3 x 5 3 265.

Remainder 178 1218.
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Table 45. Mean squares for HSE cow weights
Herds 4-9. 4/76 weighing

Source D.F. Mean squares

1. Total 198

2. Pastures 2 5054.*

3. Urea Suppl. 1 23.

4. Weaning 1 4577.

5. Physiological 3 40923.**

2 x 3 2 7824.

2 x 4 2 2469.

2 x 5 6 898.

3 x 4 1 1362.

3 x 5 3 387.

Remainder 176 1236.
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Table 46. Mean squares for HSE cow weights
Herds 4-9. 6/76 weighing

Source D.F. Mean squares

1. Total 195

2. Pastures 2 2208.

3. Urea Suppl. 1 834.

4. Weaning 1 8351.*

5. Physiological 3 46537.**
Status

2 x 3 2 3647.

2 x 4 2 5176.*

2 x 5 6 897.

3 x 4 1 1706.

3 x 5 3 596.

Remainder 173 1558.
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Table 47. Mean squares for HSE cow weights
Herds 4-9. 8/76 weighing

Source D.F. Mean squares

1. Total 196

2. Pastures 2 3112.

3. Urea Suppl. 1 10026.*

4. Weaning 1 1701.

5. Physiological 3 39465.**
Status

2 x 3 2 6471.*

2 x 4 2 5247.

2 x 5 6 2392.

3 x 4 1 1892.

3 x 5 3 638.

Remainder 174 2026.
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Table 48. Mean squares for HSE cow weights
Herds 4-9. 10/76 weighing

Source D.F. Mean squares

1. Total

2. Pastures

196

2

-

2878.

3. Urea Suppl. 1 1930.

4. Weaning 1 23565. **

5. Physiological 3 37003.**
Status

2 x 3 2 2160.

2 x 4 2 6499.*

2 x 5 6 2540.

3 x 4 1 160.

3 x 5 3 915.

Remainder 174 2048.
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Table 49 Mean squares for HSE cow weights
Herds 4-9. 12/76 weighing

Source D.P. Mean squares

1. Total 196 -

2, Pastures 2 5986.*

3. Urea Suppl. 1 7019.*

4. Weaning 1 22200.**

5. Physiological 3 30570.**
Status

2 x 3 2 8071.*

2 x 4 2 9299.**

2 x 5 6 2833.

3 x 4 1 682.

3 x 5 3 3744.

Remainder 174 1739.
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Table 50. Mean squares for HSE cow weights
Herds 4-9. 1/77 weighing

Source D.F. Mean squares

1. Total 196

2. Pastures 2 10711.**

3. Urea Suppi. 1 6120.

4. Weaning 1 27626.**

5. Physiological 3 27900.**
Status

2 x 3 2 3587.

2 x 4 2 3492.

2 x 5 6 2311.

3 x 4 1 531.

3 x 5 3 2199.

Remainder 174 1580.
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Table 51. Mean squares for HSE cow weights
Herds 4-9. 3/77 weighing

Source. D.F. Mean squares

1. Total 188

2. Pastures 2 18680.**

3. Urea Suppl. 1 1354.

4. Weaning 1 13159.**

5. Physiological 3 22113.**
Status

2 x 3 2 786.

2 x 4 2 3028.

2 x 5 6 1635.

3 x 4 1 2762.

3 x 5 3 1822.

Remainder 166 1379.
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-Table 52. Mean squares for HSE cow weights
Herds 4-9. 5/77 weighing

Source D.F. Mean squares

1. Total 190

2. Pastures 2 7013.**

3. Urea Suppl. 1 4953.

4. Weaning 1 8112.*

5. Physiological 2 25942.**
Status

2 x 3 2 251.

2 x 4 2 1470.

2 x 5 4 516.

3 x 4 1 2295.

3 x 5 2 1439.

Remainder 172 1375.
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83 KEEP 3 K L HERD DATE DRYLAST RGAIN GAIN DIF ME MM NLAST CP DM B I C

84 IF N u 600 THEN OUTPUT A
85 IF N =600 THEN OUTPUT B

NOTE DATA SET WORK.A HAS 216 OBSERVATIONS AND 17 VARIABLES.
--Nommu SET WORK-.11 HAS-0-08SERVATION5-AND-17-VARIABLES:

NOTE THE DATA STATEMENT USED 1.63 SECONDS AND 108K.

2

86 PROC SORT DATA =A BY J K L

NOTE

86

DATA SET WORK.A HAS 216 OBSERVATIONS AND 17 VARIABLES.
THE PROCEDURE SORT USED 5.04 SECONDS 'AND 112K.

PROC SORT DATA.E5 BY J K L

NOTE DATA SET WORK.B HAS 0 OBSERVATIONS-AND U
- NOTE THE PROCEDURE SORT USED 3.96 SECONDS AND 130K.

07 DATA TEST( SET A B BY J K L
13

o

B8 DATA JKL SET TESTI

If NOTE DATA SET WORK.JKL HAS 216-08SERVATIONS AND 17 VARIARkfs:
NOTE THE DATA STATEMENT USED 1.27 SECONDS AND 130K.

NOTE DATA SET WORK.TEST1 HAS 216 OBSERVATIONS AND 17 VARIABLES.
NOTE THE DATA STATEMENT USED 1.66-SECONDS AND 130K.

89 PROC PRINT VAR HERD DATE DRYLAST RGAIN GAIN DIF ME-MM NLAST CP-OR
ji21OFJ112,4tn orD



CIA T Centro Internacional de Air icultora Tropicala --
3

s T 1I 7 1 S T I C 4 1 AN-ALYS-1--5- -5 Y-S-TER

1

NOTE--YMEPROCEDURE PRINT -USED I301 SECTIND3.-AND-130K AND-PRINTED-PAGES I-TO 4".

915- PROC -MEANS

. 91 DIF ME MM

--NOTE THE-PROCEDURE MEANS USED 2.13 SECONDS AND 130K AND PRINTED PAGE.5.

91 PROC CORR VAR DIP GAIN RGAIN BY J K L

. NOTE THE PROCEDURE CORR USED 10.61 SECONDS AND 134K. AND PRINTED PAGES 6 TO 32.

USED. 132K MEMORY.

. NOTE 8ARR. 6000016NT . SALL AND HELWIG
SAS INSTITUTE INC.

22

21

44

13 .0 . x 10066
RALEIGH. N.C. 27605

8 49 MONDAY, OCTOBER 2. 1978
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Table 54. Program listing for HP-29C

STEP ONE: CALCULATE ME/DM

PROGRAM MODE: RUN MODE:

00 F CLEAR PGM 01 DOM VALUE STO1
01 G LBL1 02 CP VALUE STO2
02 4 03 GSB1
03 VALUE DISPLAYED IN X-REGISTER
04 1 EQUALS ME/DM OR ECONC FOR
05 5 GIVEN VALUES OF DOM & CP.
06 RCL1
07 X STORE SEPARATELY GO TO STEP1
08 RCL2 IN RUN MODE AND ENTER NEW
09 1 VALUES FOR DOM & CP.
10 .

11 2

12 9

13 9

14 X
15 +

16 4

17 .

18 5

19 9

20 -

21 .

22 0

23 0

24 8

25 2

26 X
27 G LBL RTN

STEP TWO: CALCULATE ADG AND LIVEWEIGHT CHANGE

PROGRAM MODE: RUN MODE:

00 F CLEAR PGM F CLEAR REG
01 G LBL1 01 NITROGEN STO1
02 RCL1 02 LIVEWEIGHT STO2
03 1 03 AGE STO3
04 3 04 .0045 STO4
05 05 12150 STO5
06 06 61.6 STO6
07 X 07 6.75 STO7
08 2 08 ME/DM STO8
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Table 54. (Cont.)

PROGRAM MODE: RUN MODE:

09 5 09 142500 ST0.1
10 10 .00011 ST0.2
11 7 11 18.4 STO.3
12 12 .231 ST0.4
13 RCL2 13 1000 ST0.5
14 14 GSB1
15 7

16 5 VALUE DISPLAYED IN X-REGISTER
17 FYX EQUALS ADG. ENTER NEW VALUES
18 X FOR NITROGEN, AGE, LIVEWEIGHT,
19 3 AND ME/DM FOR NEW RUN.
20
21 7 STORE ADG AND A LIVEWEIGHT
22 4 SEPARATELY.
23 2

24 EEX
25 3

26 CHS
27 X
28 R/S

KEY IN RUN MORE CORRECTIONS FOR ME.
MINERAL DEFICIENCY (.9 X)
BURNING OF SAVANNA (.89 X)
COMPENSATORY GAIN (1.05 X)
EARLY LACTATION (1.2 X)
LATE LACTATION (1.2 X)

R/S

29 STO9
30 RCL3
31 G X2
32 RCL4
33 X
34 RCL3
35 ENTER
36 8

37
38 8

39 X
40
41 RCLS
42
43 RCL2
44 ENTER
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Table 54. (Cont.)

PROGRAM MODE: RUN MODE:

45
46 7

47 5

48 F Yx
49 X
50 RCL2
51 2

52 0

53 0

54 X
55
56 RCL8
57 RCL7
58 X
59 RCL6
60
61

62 RCL.5
63
64 R/S

KEY IN RUN MODE CORRECTIONS FOR MAINTENANCE
COMPENSATORY GAIN ( .955 X)
EARLY LACTATION (1.4 X)
LATE LACTATION (1.32 X)
LATE GESTATION (1.05 X)

R/S

65 ST0.0
66 RCL8
67 RCL.3
68 X
69 3

70
71 RCL9
72 RCL.0
73
74 X
75 STOO
76 RCL2
77 RCL.2
78 X
79 RCL.4
80
81 RCLO
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Table 54. (Cont.)

PROGRAM MODE: RUN MODE:

82 X
83 RCL2
84 3

85 6

86 4

87 X
88 RCL.1
89
90
91 RCLO
92
93 G 1/X
94 RCL.5
95 X
96 G LBL RTN

STEP THREE: CALCULATE FERTILITY

PROGRAM MODE: RUN MODE:

F CLEAR PGM 01 F CLEAR REG
01 G LB 0 02 LW STO1
02 2 03 .013 STOO
03 0 04 .073 STO3
04 0 05 .126 STO8
05 STO2 06 20 ST0.0
06 GSB9 07 GT0.00
07 F X<Y 08 GSBO
08 GTO1
09 GSB9 VALUE DISPLAYED IN X-REGISTER
10 F XY IS PROBABILITY OF CONCEPTION
11 GTO2 IN 2-MONTH PERIOD. ENTER NEW
12 GSB9 LW STO1 GO TO STEP 7.
13 F X<Y
14 GTO3 THIS PROGRAM IS UNDEFINED FOR
15 GSB9 LW > 440 KG.
16 F X<Y
17 GTO4
18 GSB9
19 F X<Y
20 GTO5
21 GSB9
22 F X<Y
23 GTO6
24 GSB9
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Table 54. (Cont.)

PROGRAM MODE: RUN MODE:

25 F
26 GTO7
27 GSB9
28 F X<Y.
29 GTO8
30 GSB9
31 F XY
32 GTO6
33 GSB9
34 F X.<.Y

35 GTO3
36 GSB9
37 F X<Y
38 GTOO
39 GSB9
40 F X<Y
41 RCL3
42 G LBL RTN
43 G LBL 9
44 RCL.0
45 STO + 2

46 RCL2
47 RCLI
48 G LBL RTN
49 G LBL 1
50
51 0

52 0

53 1

54 G LBL RTN
55 G LBL 2
56
57 0

58 2

59 8

60 G LBL RTN
61 G LBL 3
62
63 0

64 6

65 3

66 G LBL RTN
67 G LBL 4
68
69 1

70 0
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Table 54. (Cont.)

PROGRAM MODE: RUN MODE:

71 7

72 G LBL RTN
73 G LBL 5
74
75 1

76 3

77 1

78 G LBL RTN
79 G LBL 6
80
81 1

82 2

83 4

84 G LBL RTN
85 G LBL 7
86
87 1

88 4

89 5

90 G LBL RTN
91 G LBL 8
92 RCL8
93 G LBL RTN
94 G LBL 00
95 RCLO
96 G LBL RTN
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Table 55. Program listing for HP-97

STEP ONE: CALCULATE ADG AND LIVEWEIGHT CHANGE

PROGRAM MODE: RUN MODE:

000 F CLEAR PGM 00 F CLEAR REG
001 *LBLA 01 NITROGEN STO1
002 4 02 LIVEWEIGHT STO2
003 . 03 AGE STO3
004 1 04 DOM STOB
005 5 05 CP STOC
006 RCLB 06 GSB A
007 X
008 RCLB VALUE DISPLAYED IN X-REGISTER
009 1 EQUALS ADG.
010
011 2 ENTER NEW VALUES FOR N, LW,
012 9 AGE, DOM, CP FOR NEW RUN.
013 9

014 X
015
016 4

017
018
019 9

020
021
022 0

023 0

024 8

025 2

026 X
027 STO8
028 RCL1
029 1

030 3

031
032 5

033 X
034 2

035 5

036 .

037 7

038
039 RCL2
040
041 7

042 5
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Table 55. (Cont.)

PROGRAM MODE: RUN MODE:

043 yX

044 X
045 3

046
047 7

048 4

049 2

050 2

051 EEX
042 3

053 CHS
054 X
055 RIS

KEY IN RUN MODE CORRECTIONS FOR ME
MINERAL DEFICIENCY ( .9 X)
BURNING OF SAVANNA .89 X)
COMPENSATORY GAIN (1.05 X)
EARLY LACTATION (1.2 X)
LATE LACTATION (1.2 X)

R/S

056 STO9
057 RCL3
058 X2
059
060 0

061 0

062 4

063 5

064 X
065 RCL3
066 ENT+
067 8

068
069 8

070 X
071
072 1

073 2

074 1

075 5

076 0

077
078 RCL2
079 ENT+
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Table 55 (Cont.)

PROGRAM MODE: RUN MODE:

080
081 7

082 5

083 YX
084 X
085 RCL2
086 2

087 0

088 0

089 X
090
091 RCL8
092 6

093
094 7

095 5

096 X
097 6

098 1

099
100
101
102
103 1

104 0

105 0

106 0
107
108 R/S

KEY IN RUN MODE CORRECTIONS FOR MAINTENANCE
COMPENSATORY GAIN ( .955 X)
EARLY LACTATION (1.4 X)
LATE LACTATION (1.32 X)
LATE GESTATION (1.05 X)

R/S

109 STO4
110 RCL8
111 1

112 8

113
114 4

115 X
116 3
117
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Table 55. (Cont.)

PROGRAM MODE: RUN MODE:

118 RCL9
119 RCL4
120
121 X
122 STOS
123 RCL2
124
125 0

126 0

127 0

128 1

129 1

130 X
131 RCL2
132 3

133 6

134 4

135 X
136 1

137 4

138 2

139 5

140 0

141 0

142
143
144 RCL5
145
146 1/X
147 1

148 0

149 0

150 0

151 X
152 STO6
153 RTN

STEP TWO: CALCULATE FERTILITY

PROGRAM MODE: RUN MODE:

000 F CLEAR PGM 00 F CLEAR REG
001 *LBLA 01 LIVEWEIGHT STO1
002 2 02 GSB A
003 0
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Table 55. (Cont.)

PROGRAM MODE:

004 0

005 STO2
006 GSB9
007 X<Y?
008 GTO1
009 GSB9
010 X<Y?
011 GTO2

RUN MODE:

X-REGISTER DISPLAYS PROBABILITY
OF CONCEPTION IN 2-MONTH PERIOD.

ENTER NEW VALUE FOR LW GO TO
012 GSB9 STEP 2.
013 XSY?
014 GTO3 THIS PROGRAM IS UNDEFINED FOR
015 GSB9 LW > 440 KG.
016 XSY?
017 GTO4
018 GSB9
019 XsY?
020 GTO5
021 GSB9
022 X<Y?
023 GTO6
024 GSB9
025 XsY?
026 GTO7
027 GSB9
028 XsY?
029 GTO8
030 GSB9
031 XsY?
032 GTO6
033 GSB9
034 XsY?
035 GTO3
036 GSB9
037 XsY?
038 GTOO
039 GSB9
040 XsY?
041
042 0

043 7

044 3

045 RTN
046 *LBL9
047 2

048 0

049 ST+2
050 RCLZ
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Table 55. (Cont.)

PROGRAM MODE: RUN MODE:

051 RCL1
052 RTN
053 *LBL1
054
055 0

056 0

057 1

058 RTN
059 *RBL2
060
061 0

062 2

063 8

064 RTN
065 *LBL3
066
067 0

068 6

069 3
070 RTN
071 *LBL4
072
073 1

074 0

075 7

076 RTN
077 *LELS
078
079 1

080 3

081 1

082 RTN
083 *LBL6
084
085 1

086 2

087 4

088 RTN
*LBL7

090
091 1

092 4
093 5

094 RTN
095 *LBL8
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Table 55. (Cont.)

PROGRAM MODE: RUN MODE:

096
097 1

098 2

099 6

100 RTN
101 *LBLO
102
103 0
104 1

105 3

106 RTN
107 R/S



Table 56. Program listing in PORTRAN

IBM
FORTRAN Coding Farm

GX28-7327-6 U/IA 050
Printed in U S.A.

K ltCH.G
,Nya_

GitAK
i,-;1 J V

t3,mh
[DATE

PotXH

ClaL.1.:

Wt,t,t FORTRAN STATEMENT

h,1,11.. t

C ..._ Si..14.1J

A 7.A

E.L,A.0

10. .$ 0

LAT 1 Q.N____Clf BEEf I'M TH.f._ LLAA/05

I ,.a.M.,_ C

C.i .X_Mt 1

)0 j 0

N.21

.?..A..T.E

I.) .E L.A

..I.0.. $

).?_A.5:17

C 2.1 ..X G

0 jO

".X13,13
E.S.T.J__X

_CATTLE

1 ) r.,_P
F ER T

P A .5

E 4.21 /1

f.j..X..0._)

) .E_L _Q. N.

C2 j_.0

S ) 61).X

P__1_13_, .X

I B A LW

_..1_0 j

OB 1 Cl'

,,x.t A.0
/ 0 'ID . j

i.

y0?_4.0 (2

.1 _O

a ,S_O ) Q ) 0
._, .4

P A S: r) X L \ d * P

C

1.0

r6

rtZ f A I)

3..b.Ar.g 1

1.1? Os

_A

_CAP

012 M
fq.2_3.2xjF5.2 )

.

A T<I5 ) 2X112, 2X 3 ES. 2.12,X1

_

/2 2x1r5.012x 2X 3 I1 f )

._.........

..

XL1. 0
C..-=.4.

. .

. . .
. .

. . . .. .

. _ .

..

...

si

Xf_Ar1r--1. 0
XL A C 2 =.1.. 0
El.AC ir-A.. 0

ELAC2 1.0
XBE5T=1.0

5 1 . a s) It 1,` 1 ..1 , th t ti I; ;, :' 77 :, 31 /./. 31 7' /9 :a )0 31 17 ,1 ia li 3, r IF ,a .9, as a tri A.II as ah . .01 a't '.:. :.I !.. 51 f< h. . t h t. e, e, e; e es I. I , ,

1.f Pod I%or V11,1



Table 56. (Cont .)

IBM FORTRAN Coding Form
GX28-7327-6 050"

Printed in U.S.A.

,,,,N fTf4C...,C.
13:34333(1107-43

(,T47037. 34<3 2, H, 3t

A,,,,,. i DATE 9,:hiCt,
Ct., 1130433 7.303,hi..

20
2i

22
23
24

2
26
)7

2q

3C

31
32
35

34
35
36

FORTRAN STATEMENT
. WI.. lt

3
43

p

____ _

F_ (Pi f Q 2 EjL4C1 -7:1. 2
2 _E
3 yotcl.--1.

3 ______XLAC21.
4 X

ER. 3

EQ II
EQ
£4-1,

EQ.1.
cO l i

Eq.3
Eq. 3
Eq.2

ER. 2.

Eq. ii76_cr--

LA C2=±. 4
2.

_.F _ PG EQ.
IF_ ps. Eq.

IF 5. EQ. 32
GE$T1----0 . 05

GO TO 1 -If S. Eq.
IF (PAST.

F ( ATE.
F f PASL.
F A51".

r---
L. OR DATE .r. 22?-5) :=_._.99

Pf 90
lovii_lo kr gli E Q___i 5 ) Xr=

XI=1.
E.-- .

. o5

r

IF (?AS-r.

F _

PAT.
PAGTEQ_Y..

pAG r
pAGT.

PAGT.

05
955

A up D ATE. EQ.
fii). 3) ATE. Eq.
ND DATE. Ea.

57.63
515
675)

il (7)AST. IrD.1 Arg. EQ.97.5) KI.-:1.
c=..
Xr=---

05
965

xr-

If (
if

A ND.11
4 i ol..T.IATE.

AND

ATE. EQ.
Eq.

975
9 75 05 _

fF <)ATE. .966
, 7 3 4 7 7

tiordataf Cl Tome PH pad tad, rad, sopa.,



Table 56. (Cont )
IBM

37
3g
39

ti2

45

II

11-9

5

5

5

FORTRAN Coding Form

GX28-7327-6 U/M 050
Rifled Ii U S A.

Wt rl

I ... ",
FORTRAN STATEMENT

4 .4 e

i_____

MELAC1ffeELACI.*1)4i.B*XIA`(,3*5*)4/1-25.q
M=XPIEK 5*.b01,1+i

9. it*Ecor3o)*xmE-x,mit>>

.. 299 P- g.59>.
)tX1-WAlf

0082
00.

ooiL5*A6E*302)*XLW**o.

7 54-41. 62*. 0004;*/

)4-026+6.75ivEconlc
1.3.0

m4-f

irl000)
w(XliE-xmil).>/<

7-54-

231+
_

1SAI

1.000i1.1XLW>(4

Xmti=<C*ELAC2iKXLAC2*XGEST*(121so--9.9*A5c4-.
2oowl_w)/({61.

N-6Do041914-*EroNE

XLWNI=XLWf-GArN

_ _...4425004-36619ixt.w

_F_(XLW.I.T.t_2,20 .D_FERT=.001

XnAl. GE220. AIJDXLid.
A N.D. LW,

- AND.xLV.

LT. 20. FT. 022
LT,'26 0. rER-r-=.
ti.28O. FERT-7--

063
07

r

,Xt
I

F

V GE.
X/W. GC

)Xl.-tAi .E.300.
X1W.GE.320.

2.40
260.

290. LT.3040.;) FERT-----
LT.3210. FERT-=
LT 39-0. PERT=

L.T360. FERT-i26

3±
,

. AND.XLVI.
AN.D . )(LW.

. AND XLW.

.AND.xtt.).
.,Ara-XLW.

g 241
i it5

_klit,1.17E.3111o..AND.XLIJ
aw. 6E 360 LT.3so. lE-RT24

LT.400.) FERTI--.01 ( L.w.b E ..3go____

.-.

Number of krona pat pad may eery Vocerety



Table 5 . (Cont.)

IBM

6

64

FORTRAN Coding Farm

GX28-7327-6 050
Pr.med «»A.A.

c;i7-iC 7

11411

.E.

1

;741I7.757-71
1,, 4731 I

.
37 FORTRAN STATEMENT

i.':' 7, ..4. /.

. ? 3 4 5 4 7 7

X I W a
XtIJ GE

C(3. 5)Xiiir_i
AT( F6

E.400...110.D.XLWLT.A20.>
420.

,bbli
. 2) 5X

ANDXl.k/L
GO TO 4.

r. q.qo.)
FERT=,01

ERT::::

5
., .

I_

I-- ,-..

___.__.

r F
I f
.rF ,DATE.LT.676)

I 073
,

__.
.

W R rT
FORM

roP

END

X im 4_6 AI
1 F 5 2 5)(5E6.

ti_. X LidivircR-r
2 , 5x1 F6.

.

F6.1),SX)F6.
. _3 )

.___

_

. _ .

.

_ _

G
_ 3, 5x1

_ ____

1

i __

.

_.

_

,

_ ____ ___. _________

!

.
.

_________________.__ _____ ____

.

t.

I -
. -_

.-- - -..- -

--

-,

-___

,

,

,

- - --1

-

I 3 4 5 3 4 IT II 13 II 14 IT I5 I" 13 IS .7-, 21 22 31 24 15 36 7' 2E 37 It: 37 32 31 34 35 2, 37 33 3, A, Al 43 1.: 44 45 44 4- 43 4, 5', 51 57 53 54 55 55. 5, 52 5, 7.'T 41 71 6, 44 4.5 47 7" 77- ''
974141,104 tom, Not ,,,E may vry


