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ABSTRACT

)

A deterministic computer simulation model of a cow-c¢calf

= 4

.biological system, progrémmed in CSMP/360 was develobéd and

used, for the purpose of charaqterizingfand evaluating the
effect.of Alberta environmental conditions on the pattern of

growth; fertility, and milk.and calf production ofshefefordn

‘(HE),Beef“Synthetic (8Y) and Dairy Synthetic (DY) range

cCOows,

These variables were modelled to be influenced by

,genéticvgroup) body condition and plahe of nutrition. The

'simulated nutrient intake was dependent on weight, condition

aﬁd reduiréments of the animal, as well as the availab;lity‘~
and7digestibility of the forage. 7

The primary consideration in developing the eqﬁations
représ;nting animal performance was to describe the _ \
biological processes as accurately as possible. If all such
processes and their interrelationships could be described
accurately in quantitatibe_terms; it should also be possible
fgrpfédict accurately cow productivity. |

In the fifsﬁ part of the study, a'éimulation‘mode{ was
deveipped and‘validated. The.modei (chépte; 3) displéys;

daily and periodical changes in weight, milk production,

fetal growth, calf growth, feed intake, digestibility,

energy utilization, body reserves and grazing acfivity.“
Provisions are also made to estimate cow fertility, calf

survival and the effect of cold stress. Inputs for the model

,include genetic ‘potential, forage quality and climatic

iv



conditions.
The data simulated by the model approximated cnanges in

weight and ca1v1ng and weanlng tradts of the three breeding

groups. Differences among brgddxrf
ol
1976 77 _were simulated pnﬁﬁﬂ%‘c;ﬂ\a

‘-d‘ Ry ST gt

In the second part bf’iﬁ%MI ‘the model was used tq

fnvest1gate the effect of environment on cow weight a d .
hreproductlon Three 51mulat10n studies were carried o t. In
the firet study (chapter 4), the effect of three management
voptlons applied 51multaneously was evaluated The optlons
were improved supplementary winter feeding, controll d
temperature»of 20°C year round and constant feeding rograms
‘of 28% crude fiber under conflnement conditions. It jwas
found that there were four periods of change in pr dicted
l1ve,we1ght durlng the annual cycle of the cow. E ergy
concentration of the feed was predicted to be thé¢ most
influential factor duringvthe initial period dfter calving,
and its effect pn live weight aas mainly‘via the change in
empty body weight. Crude flber in the feed was predlcted to
be the most influential factor in the second period duglng

~ herbage lignification at the end of the grazing season, and
"1ts effect on live weight was mainly thergh the increase in
gut fili. Energy deficiency.after pasture lignification was
prediéted to be the most influential factor in the third
period and‘its effect on live weight was predicted to be via
decrease 1n empty body weight. Fetal weight was predlcted to

make a 51gn1f1cant contrlbutlon to dam llve welght only in



the fourth period startlng in the last phase of pregnancy.
In the second 51mulat1on study (chapter 5), the effect
of a severe (cb‘der than average) winter on cow weight ané
product1v1ty of the three breed1ng groups was investigated.
Iz was predlcted by the model that the effect of severe
§1nter on cow weight would be only temporary and cows from
all three breedlng groups were predicted to recover in the
follow1ng grazing season. Fertility, in the seaigg after a

severe winter was predicted to be affected £¢ . ater

degree Fhan calf weaning weight.

In the third simqlatien study (chapfer 6) the effect of
improved milk productioh was evaluatedr This can be achiéVed
by the incorporation of dairy breed-type cows into beef
herds. Sia variations combining different levels of initial
potential daiﬁy milk ‘yield (IPDYM) with constant levels of
persistency (P), and different levels of P with constant
levels of IPDYM, end a combination of the two were compered
to a control represented by the Beef Synthetic cows at The
University Ranch. The effeet of IPDYM on milk produ;tion and
reproductlon was predlcted to be more positive than that of
P, Increase in IPDYM was predlcted to increase wean1ng |
weright and to decrease calving interval, whereas improvement

in P was predlcted to increase both weanlng welght and

ca1v1ng 1nterval

vi
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1. GENERAL INTRODUCTION

In recent years, a primary goal of The University of
Alberta Animal Breeding Section, has been to study
diffefences in both biological and economic efficiency of
beef production systems involving three lines of beef cattle
under different. management systems and exposed to different
environments.

Previously published analyses‘(Goonewardene et al.,
1981; Willms, 1981; Butson, 1981; Arthur, 1982) using
statistiéal deels, provided much information on the genetig
potential of three breeding groups (Hereford, Beef Syntheti;
and Dairy Synthetic), but much less is known about
environmental influence on level of production and
reproduction of these three groups.

s Several .workers in this field have recognized the need
toscompare breeds and breeding management systems in terms
of their biological and economic performance. Héwever, the
complexity of such comparisons coupled with the time
required to carry them out, sharply limit the number of
treatments which can be expe;iméntaliy tested. These
limitations have led to increased interest in the use of
simulation models, designed tovconsolidaté‘available
information on livestock biology’into descriptive
mathematical hodels, which can be uséd‘to predict probable
responses to Specific treatments.

The genetic poténtial parameters as reported in

previous studies, combined with the environmental conditions



as recorded during the years, can be used as input for. a
cow-calf model, which can be simulated to estimate the

potential gain of alternate breeding and management systems

»

or, at least to idgntify the most promising direction foi
empirical research.

The large amount of researéh that has been conducted
with beef cattle in areas such as nutrition, physiology of
reproduction, breeding and physiblogy of climatic influence

has resulted in a large body of knowledge concernlng the

o
attempts in recent years to synthesize this information fro

—

function of blologlcal subsystems. There have been severé%\m\

. . e T . .
the var s of animal science intq a general model,

e

. for use in describing production systems (chapterré). The

present study represents another attempt to use the same

y

pr1nc1ples for a comprehens1ve analys;s,o£~éa11y cﬁénges in

cow- calf productlon systems in Alberta.

.

1.1 GENERAL OBJECTIVES
The main»objecéivé of this study was to develop a model
‘of beef cow biological fuhct}on’which would be suitable for
the“simhlation of daily behavior of the system. This could
be utilized for system analysis of environmental effects and
" alternative management systems in Alberta.
Achievemént of this goal réquired:

1. modification of existing mathematical models from the

literature to achieve the accuracy, flexibility and



adaptability required for analysis of environmental
- effects,
2. preparation of comprehensive computer simulation
programs, flow charts andfinput-outpug formats,
3. validation of the model with experimental'data, and

4. analysis of options.
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2. BACKGROUND REVIEW

By building models which represent real systems and by.
simulating the internal processes of each component of the
system,‘systems resqug&_gan be used in prediction,
decision- makxng and develop1ng new productzon alternatxves.

Simulation technzques usually encompass two basic
-activities) namely 1) the‘building of a theoretical model
vhich closely resembles the actual system c?nCerned and 2)

the subjection of the working model to chanqes which

includes the evaluation of its reactions to these changes.

2.1 SIMULATION

In its most general sense, simulation means the
representation, of reaiity.‘Compgfer simulation has come into
increasing widespread use to sfudy the behavior of systems
whose state changes over time. Alternatives to the use of
simulation are mathematical analysis, experimenﬁatiqn,with
either the actual system or a prototype of the actual
system, or reliance upon experience and 1ntu1u1on All,
including 51mulat10n have 11m1tat1ons Mathematlcal

analysis of complex systems is very often 1mp0551ble'
experlmentat10n1w1th actual or pilot systems is costly and
time consumlng{ and relevant var1ables are not always
sub]ect to control Intuition and experience are often the

]
only alternatives to computer simulation but can be very

inadequate.



Problems suitable for simulation analysis are
characﬁerizod by being mathematically intractable and having
resisted solution by analytical methods. The problima
usually involve many variables, many parameters and
functions which are not well behaved mathematically.

Simulation in animal research involves features of both
classical experimentation and formal analysis ih a way tﬁat
provides great flexibility in modelling physiological,
biochemical and physical systems.

System simulation has two basic phases, one involving
construction of a model and the second concgrned with the

use of the model in evaluating the system.

2.2 'BASIC STEPS OF SYSTEM SIMULATION
Basic steps and linkages of system simulation as
suggested by Dent and Anderson (1971) and Dent and Blackie

(1979) are illustrated in Figure 2.1.

2.2.1 pefinition of the System and bbjective§ for Modelling
Within the realm o§ systems research, models may be
used to describe and clarify production systems and their
interacting components and to provide possible solutions to
management problems:
The construction of a descriptive mathematical model
places'an obligation on those‘involved not only to identify K

the sub-systems within their system, but to evaluate the



A.research,and guide future investigations;

&

2.2.2 Analysis of Datav SN

o ~

51gn1f1cance of each component and its relat1on to all
'others. In ‘this process a thorough search for all ex1st1ng
1nformat1on and an evaluatlon of such data are nece551tated.
Simultaneously, the search'exposes gaps in present knovled§e

ng ‘the relative usefulness of exlstlng information. This

e
- Lra

type of a descrlptlve appllcatlon of modelllng may lead to &

'crltlcal analysis of productlon systems, evaluate past

Lo

The model design is to a large extent dependent.on_the
data available‘or on the feasioility of generating data

w1th1n the time llmlts set by .the research. An 1deal

dstructure‘ln the model may have to be forsaken because of

’data llmltatlons The structure and the qUantlflcatlon of

" the model are thus intimately bound together, both

-eventually infiuencihg the effectiveness of the final model.

2,2.3 Model,Construétion

The modelldng phase consists of developing a
mathematical model of a system suitable for operation on a
computer. As simulation is'usually resorted to because of

the unsuitability of analytical technigues, the simulation

" model will need to include those features of the system

‘which render other techniqlies unsuitable. These features

will usually be related to the complex nature of the system,

and the need to follow the behavior of the system through



time. ‘
A model suitable for simuiétion usually contains the
following components |
1. major subsystems,
2. important components and rélétionships within each
subsystem, . -
3. links betwéén'subsystems, : -
4, important environmental variables, and

5. ~control points.

2.2f4,Validation

Having developed the model representing the physical .
"reality and having'prepéred a computer progfam'on which tb
run the modelled processes, some test of the model's ability
to satisfac;orily represent or simulaté,the real System is
required. This evaluation stage is known as hodel
validation, or verification.

In order to validate the model,ii?s forecasting abilit?
should be teéted against additional sets of expefimental
data which have not been used for its construction. The two
methods which have been used mostly for testing mbdels“are:
gréphical comparisoh ahd the statistical goodneés of fit
typeé comparing the estimated and .the experimental data.
This involves the uée of coeff{cients of variation and

coefficients of correlation (Goldman et al., 1978).

>



| 2.%;5 Experimentatian.

;Experimentation-with simulation models has much in
common 'with physical experimentation: but there are major
~differences which havegimplications~for the design éf
experiments and the analysis of results.

‘The existence and treéthent of variation provideé one
of the main differences between physical and 51mulated
experlments In phxslcal experiments, there is always an
element of variability over which the experimenter has no
control, Thus,‘he must‘use‘rgfined experimental procedures
and must attach probability_statements to treatment |
,differences in order tdhiﬁfer beyond the experimental data.
In simulation expériments, variébility is deliberately
included insthe model and is both- controllable and
repeatable The experimenter can thus achieve perfect
homogeneity of e;berimental medium, allowing treatments to
be compared under identical cpnditiqns.

The objectives of e#perimentation with simulation
models in animal research oriented studies will usually be
of.the following types:

1. +to cbmpare alternative courses of management, gnd'
2. to estimate the'respoﬁse of the system to chénges in the

level of aAsingle input. . L
Many of the pfoblems studied via'simulation are conéerned
w1th the comparlson of alternatlves Even if the model is

not sufficiently reallstlc tB give a good estimate of the

absolute level of system performance, it may still be quite
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suita?le for estimating the relative merits of different
alternatives., m- E

When simulation modgls are used to estimate the
response of a system to the level of a single variable
input, it is usually the trend in results that is important,
rather than the absolute values for any particular level of
input. The usual objective with this type of experiment is
either to estimate the input lggél for an ‘optimal lével of
outpnt, or to examine the responée of the system'to changes
in the level of an input over the whole of its relevant -
nrange.>This lattér objective'is often referred to as a
éensitivity~analysis and the interest lies in the generél

shape of the response function rather than in its maximum or

minimum.

~

2.3 BEEF PRQDUCTION MODELLING

Beef cattle ;esearch is primarily cbncerned with
Understanding the process within‘the.genetiq-environmental’
syétem; however, such integrated,knbwledge hns been
meaningfully employed by problem-solving modelling
- approaches which simulate altefnative nanagement strategies
and resnlt in final values for use in decision-making at
both thé planning and the implementation stages.

Numerous models have been constructed to study beef
production systems. Most of them represented a problem

solving type of modelling. In this category two main types



SN

of models were used namely 1) optimization models and 2)

dynamic simulation. models. : E

2.3.1 Optimization Models

Long et al. (1975), Fitzhugh et él. (1975) and
Cartwright et al. (1975) used linear programming modelsﬁto
compare efficiéncy.among cows of different mature weights
under different management systems. The linear programming
techniques aildWed allocation of limited resoufces}in such a
way as to maximize net return. Their conclusions reflected
the difference between manégement systems in cost.

Wilton et al.‘(1974), Morris and Wilton (19j5, 1876),
Morris et al. (1976) ‘and wiiton andlMorris (1976) conducted
a series of studies using linear programming modelsi They
also. simulated production of cows of different‘maﬁﬁrekweight
and genotype for the purpose of cémparing different -

management schemes.

2.3.2 Dynamic Simulation Models

Boyd and Koger (1974) developed models for the -
evaluation of beef cattle systems. One model determine/////ki////////
nutrient intake and costs for a single cow¥cq i '

including postweaning prodfffigg}/mh' second model used

these results to/gg;cu%afé fertility levels, death losses

o

and _cow féﬁiécement rates. Only simulated "final values"

o

were computed ahd compared with observed data.



Sellgman and Weitz (1978) developed a model for
51mulat1ng the effect of calv1ng season on the nominal
supplementary feed"requirement and gross margin of beef
grazing on Seesonal Mediterranean pasture. This model
computed "final values" yhich may aid in the decision-making
process. " |

-~ Sanders (1977) developed a model for simulating beef
cattle production under a wide range of management‘schemes,
with cattle differing widely in genotypes for size, growth
and milk production. The model was used to sfﬁulate "final
values" of feed intake, weight, milk production, fertility

~and death loss. Sanders (1957)'d$ed this model to examine

the predicted effectiveness of different sélec;}on/iﬁdices

T

in moving a population of beef ciE;le/foﬁerds an optimum
combination of traits;/yottEr (}977) used the same model to
inveégigafe f . ors affecting efficiency oftbeef production.
;///EEE/Lactore considered werenmilk production, mature size.and
/. ‘ mating systems, ‘ - p |

Loewer et al. (1980)Tdeveloped a model, designed to
simulate a beef.forage strategy which is recommended for use
by cow-calf producers in Kentucky. Their model was also
concerned only with "final iﬁtegrated yaiues". A

Congleton and Goodwill (1980) deveioped a beef
production model for simulating.structures of cow herds and
production herds, composed of calves from the cow herd
Their model again was designed to solve problems concernlng

breeding, management and marketing in terms of "final



.values".
Oﬁly a few studigs havé“de@lthwfth pattern descripbion
modelling. ) | i |
Lavine et al. (1981) éeveloped’a model for‘éigulating
- forage iﬁtake, energy requige@;pﬁgl liveweight and calving
rates of iebu cOowSsS in Llanosp Columbia. This model was built
in order to allow confiqual prediétion of the amount of
improved pasture or~supplementai feed that would be
necessary.to raise calving rates in a particular herd. The
- model ;;s fitted to pattern description dynamic modelling by

déscribing output as a pattern of production functions in

. addition tg-"fjinal values". . “

ad



I Definition of the system and objectives for model ing.
+-———————
11 Analysis of data relevant to the model.
4
T
T
I11 Construction of Model.
AN
i
v Validation of the Model
> —
v Sensitivity Analysi's.
.
>
V1 Use. of the Model in Exper imentation.

Figure 2.1 The basic steps taken in the course of the study
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3. INTERRELATIONSHIPS AMONG INPUT-OUTPUT-FACTORS AFFECTING
PRODUCTIVITY OF MATURE COWS OF THREE BIOLOGICAL TYPES IN

ALBERTA ‘

3.1 ABSTRACT

A deterministic model for simulating beef cattle
production under Alberta management schemes and environment,
with cows from three genetic groups: Hereford (HE), Beef
Synthetic (SY) and Dairy Synthetic (DY) is described. In the
model, the genetic potential (specifiéd as production
potential), was reached only if past andlpresentvplanes of
nuprition and climétic conditions were adequate. Intake of
pasture or other feeds was simulated as a function of
weight, maturity and physiological status‘pf the cows in
addition to the availability,’digestibility and crude fiber
content of the feed.

)

. To simulate cow performance, a dynamic»set of blocks
was used: milk yield, fetal growth, calf grthh;'energy
balance, grazing management, climatiq adaptation, weight and
change ih body rese#ve. Cow performance was calculé£ed from
the intefaction amoﬁg'climatic conditions, nutrient intake,
animal condition (resefve depot) and genetic potentia;.

Evaluation of the model's behavior was made largely by
setting climate, grazing and managementfcondifions to thosev

existing at The University of Alberta Ranch a} Kinsella, and

by validating the simulation output with observed data. This

19



20

indicated that the concepts introduced were valid and
appropriate to biological and productive attributes of the
cow-calf system. It was concluded that within the existing
limitations, the model was suitable for testing hypotheses
concerned with aspects of environmental conditions, milk

yield, calf production and biological efficiency.

3.2 INTRODUCTION

The relationships among dietary quality, environmental
conditions, voluntary feed intake (VFI) and the productivity
of mature range beef cows are muitiphasic. The controls on
VFI and the partition of nutrients among milk secretion,
fetal growth and body reserves are still not fully
undéfstood. A single or multiple regression equation caﬁnot
express the dynamic nature of these relationships. To |
achieve a complete quantitative description, experimentation
with many levels of diverse factors would be required. This
complicatioh limits the ability to obtain a clear picture of
the interrelationships by experimentation. Systems with even
a higher degree of complexity have been treated by
simulation modelling successfully (chaptgr 2).

The simulatien model described in this chapter was
developed in order to investigate the influence of
enviropmental factors on the genetic-envﬁronméntal s
interactive prodﬁction résponse in range beef cows in

Alberta.
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Hence, the objectives of this study were:
1. to de%eiop a model which would best represent the
dyhémic biological nature of the productigm of a mature
; [beef cow, |
2. to test the model with data from thrée lines of beef

cows under cold winter conditions of,Alberta} and
3. to gvaluats the behavior of the éystem by analysis of

simulated cow performance for three breeding groups over

two well recorded years.

3.3 MATERIALS AND METHODS

| The developmeﬁt of an adequate model of any dynamic
system for computer 51mulatlon requ1res well def1ned

. equatlons of a few. varlables as well as accurate estlmatlons
of specific parameters. Using widespread sdurces of
‘iiterature, the mathematical structure bf the model was
definea, while input parameters uséd were esfimated frdm
data collected at The University of Alberta Ranch ét

Kinsella.

3.3.1 Model Development

A multistage procedure was utilized to construct the
model (Naylor aﬁd Finger, 1967; Mihram, 1972). The steps in
its construction were as fdilows:
1. The cow-calf system was analysed to identify the

|
important elements and determine their interactions.

&
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2. The components and their relationships were structuréd
with flow charts (Figures 3.1, 3.2 and 3.3 ), and the "

information needed to support the model was' determined

and verified. |

3. The model as a whole was programmed in CSMP/360.
"Estimates were_input‘without»stochastic generatorskso
that the model would be deterministic.

4. The output from the model was>compared witp historical
data to provide a measure of quél validation. “

5. A limited sensitiviﬁy analysis (variable parameter’
‘testiﬁg) was performed by contrasting the model's
responses to variation in the parameters of the greatest
interest.

3.3.2 System Description

.\ The model COW.82 simulates the weight of a beef cow and

her calf as a function of envifonmenéal parameters‘namely’

-feed quality and climatic conditions (Figure'3f1). The

quality of the feed is defined by”its daily crude fiber

-content (%), and the climatic environment is defined by the

average monthly temperature (°C) and the avefage annual wind

speed (km/hr). To simulate cow weight and calf weight, the

- model calculates daily esimates of feed in;ake, milk

production and fetal growth based on a number of equations

and associated values that describe the biological

characteristic of an average beef cow.
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The equations of the model répresent general biological
relationships among cow function\variablés. The effect of
cow type or the effect of environmental conditions can
influence the performance of the systém only if their values
are changed from one simulation to thg other. The model is
designed to prévide answers to the following questions:
given environmental conditions, how will cows of different
biological types perform and alternatively, how will cows of
given biological type perform under different environmental
conditions.

The model can be divided into six sections (Figure
3.2). One section calculates the potential of the cow based
on animal paraheters and potential functions for body
weight, milk production, reserves and fetal growthq The
-second section calculates env1ronmental effect based on
env1rbnmental parameters and env1ronmental functions. The
third sectlon translates animal-environment interaction into
energy balance in °the body.\The fourth section calculates
gain in reserve tiésue, fetal growth and milk yield. In the
fifth, cow body weight is calculated as an integrai of daily
gain in reserve tissue. Fetal weight and body w?ight
-adjustments for gut fill are also made . Body weiglit is used
in a feedback mechanism for tﬂ%&calculation of eneréy
balance and gain in reserve. In the sixth section calf daily
gain 1is éalculated‘based on milk availability. Calf weight
is ihteg;atedvfrom daily gain and used in a feedback to

calculate calf milk consumption.
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The model is pregraﬁmed to complete at least two full
~annual cycles (760) days beginning with a cow just prior to
calving. In the first cycle, fhe parameter values describing
the conditioi of the cow at the begining of the cycle are
~set entirely on the basis of llterature estimates, while in
the second cycle many of the parameter values are calculated
on the basis of simulated values in the first cycle.

Output‘ya;ues are-divided into th;ee groups: 1. primary
'dynamic output variables which include\the body weighf of
the cow and the body weight of the calf over a period of 760
and 180 days, respectively,‘2. secondary dynamic variables
which provide additional‘ihformation on the dperation of the
biological system on a daily basis (these include: feed-
intake, digestibility, milk production, energy balancevand
reserve depot, and 3. a static output variable fertility,
which is calculated only énce in each cyclvn the model
fertility is expressed as open days interva . The modei uses.
the routine FER.B2 to translate open days interval into
calving distribution units using probability functions for
cow herd and bull herd fertility. A |

The integration interval for solution is set at one
day, and rate constants are deriyed from flux per day. It is
possible to vary the integration sfep.size in the CSMP N
program; however, much Qf the data from the literature that
are used in this model have a resolution of bnlyione day.
Sex effect is removed from the model by using the "midsex"

(average between male and female) as a calf's sex.
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3.3.3 The Mathematical structure . ‘“
‘To express the biological functipn of the cow in
mathematical termé, small models (blocks) of biological
'significance were constructed (Figure 3.3). Two groups of
mathematical models were used, one group which included
mathematical equations which have been published before, and
another group of eguations which were constructed for the
use in this model from published data. For the second group,
data from the literature were analyzed by regression:
technigues. All équations were verified in smail computer
programs'and their predictivé‘ability was tested by
grapﬁically comparing the model prédictions with data from
the literaturq. For submodels of low predictive ability, a
calibfation process was necessary-(calibration is-a process
where a parameter valve is'changed in order to reach
reasonable oﬁtput for a gi;en run (Goldman et al., 1978)).
In the model, equations 3.5 and 3.6 for calf milk
'capacity, 3.7 for butterfat percent, 3.12 for calf gain from
milk, 3.13, 3.14, 3.15, 3.17, 3.18 and 3.19 for feed intake,
3.20.2vfor célf éain compostion; 3.27 for cow condition,
3.28 for eﬁergy in the milk, 3.30 for fetal ME utilization
efficiency, 3.36 for ME concentration in the feed, 3.37 for
gut fill, 3.39 for fertility and 3.41 and 3.42 for calf
growth were constructed using-regréssion procedures. The
rest of the equations were adopted from literature in their
original form. The direct relationships émong the variables

described in this section and the sequence of their

}
/ . 5
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appeafance is illustrated in Appendix-6.

3.3.3.1 Milk Produétion

Daily milk yield (DYM) is defined as:

DYM = PDYM - RDYM..........(3.1)

where PDYM is the current potentiel déily milk yield
(kg/day) and RDYM Lsuthe reduction in milk yleld due to
current body condltlon and energy avallablllty (kg/day)
Thus, it is assumed that all dietary components other than
energy are nonlimiting, and that there is no health stress
‘that reduces milk production. |
The current potential daily milk yielé is defined in

o =

the_model as:

PDYM = PDYM1 - DEF.......... (3.2)

where PDYM1 is the genetlcally determlned potentlal m11k 7

.

yield in kg, dependent on. tlme of lactatlon and age of cow"
and DEF is the residual effect of previous m11k yleld -
depression due to a defiéieney of dletary energy.

-

Milk yield depression is damped outvexbonentially

<

(-AI*DEF), unless it is depressed anew, due to a'SUbsequent'

energy deficit (RDYM) with an effect larger thaw the current



DEF (Goldman et al., 1977).

Gains (1927), working with dairy cows, expressed the
lactation curve as a function of two parameters: initial
daily yield of milk and persistency. This means that
| theoretically, the genetic potential rate of milk secretion

decreases continuously with advancing lactation as:

_ ~ -P-LACTIM
PDYM1 = IPDYM-e  ..... (3.3)

where PDYM1 is the genetlcally potent1a1 daily yleld of milk
in kg, IPDYM is the potent1al 1n1t1al ‘daily yleld in kg, e
is the base of the natural logarlghms, P is the rate*of |
change inwthe daily yield per month, alsé termed pérsistency
and LACTIM is lactation t1me (months) - |
Potent1al daily milk y1eld is affected also by age of
cow, and can be described by a quadratlc equatlon (Notter,

i1977) as:

AMCF = af -AGE - a2-AGE* + a&3.../......(3.4)

/

'wheré AMCF is a correction factor expressed in fractions,
AGE is age of cow in years and al, a2 and a3 are regression

coeff{ciénts‘oﬁ;_0*1277, 0.0082 and 6.4864, respectively.

T
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The continuougly decreasing form of equation 3.3
(Appendix-2~Figure A.2.1) contradictf the traditionai shape
of lactation curves which are known to have a maximum at 30
to 60 days of lactation (Wopds, 1969).“In the model the
shape'of the lactatioqlcurJe during the first- 30 to 60 days
is restricted by milk consumption capacity of the calf, so
that the final simulated curve ffts the traditional pattern

(Figure 3.11).

3.3.3.2 C$1f Milk Capacity

Plum and Harris (1971) managed Holstein cows as a beef
herd, and found that calves were unable to consume all
available milk for the‘first 90 days of lactation. That
combined with data from Roy (1970), was used to establish
the relationships between calf size and~mi11 capacity.

A Fromiﬁhe tabies given by Roy (1970) th regression
analyses were carried out. In the first, thglrelationship/
~between milk consuﬁption and body weight was.evéluatéd. In
the second, the relationéhip bétween the ability of the calf
to consume energy and body size was evaluated. Energy
consumption divided by the caloric value éf the- milk, was
used to give an indicator of the volume of the milk consumed
by the calves. The regression equations were then used in a
simulation and tested withvdata presenfed by Plum and Harris
(1971). |

It is assumed in the model fhat{there are two main:

factors which can limit milk consumption by calves: :liquid

“
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capacity (CIMIC) and energy capacity (the capacity of the
_ .
calf to consume ME) (CEMIC) of milk which are computed as:

*

CIMIC = 0.93-CWT®-%2°7 ., .. cee..(3.5)
CEMIC = ((0.3678 -CWT°-“727))/MCLV-0.9))...(3.6)

~where CWT is calf weight in kg and MCLV is milk caloric
value in Mcals. Maximum milk capacity is the smaller of

CIMIC and CEMIC,

3.3;3.3 Energy in the Milk

There 1s a tendency for the perceneege of “fat in the
milk to increese with advancing lactation (Gains, 19275.
Data from Gleddie (1965) iﬁdicate, that the rate of increase
in butterfat percent in the mllH of beef cows can be
expressed as a linear function of daily milk yleld as:

y

MFTPR = 5.072 - O.276-DYM el (3.7)

where MFTPR 1s percent of fat. in"milk. ‘ _ -
Calf growth from milk alone is a direct function of
milk energy yield. Thus in order to simulate calf growth

from milk , changes in both yield and fat contentishould be -
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taken into account. One variable which can express milk
yield and energy at once, is the fat corrected milk yield

(FCM), which is computed (Maynard et al., 1979) as:

FCM = DYM- (0.4 + MFTPR-0.15)......... r(3‘8)

Relationships of fat percentage to energy value of milk
in dairy cows have been reported extensivelyv(Gains, 1927;
Tyrrell and Reid, 1965;'Maynard et al., 1979). In the model

the relationship is expressed (Gains, 1927) as:

MCLV = D1 + D2 MFTPR.......... (3.9)

where MCLV is the caloric value of .one kg of milk and D1 and
D2 are the intercept and the regression coefficient ( 0.2990

and 0.1122 respectively).

3.3.3.4 Fetal Growth

Live weight and énergy requirements of cows during
pregnancy are largely affected by the fetal growth patterh;
Prior and Laster (1979) determined fetal growth by a serial

slaughter stbdy, and presented the fetal growth function as:

(R2‘t - R3-t?)
FTW = R1-¢ ' N
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where FWT is fetal‘weight in kg, t is time from conception
in days, and R1, R2 and R3 are the regression coefficients.
The R2 and R3 are mathematically responsible for the shape
of the fetal groﬁth curve, represented in the model by the
constants 0.0738 and 0.0001249. R1 takes care of the height
of the curve, and it is infuenced by breed ana age of dam as

explained later in this chapter.

3.3.3.5 Calf Growth

Much information exists on the relationships between
calf milk energy consuhption and growth in dairy calves
(Roy, 1970;>ARC, 1980; NRC, 1978). Calf growth is strongly
related to the metabo;izablé energy (ME) value of the milk
consumea by the calf. In the model the ME contenf of the
milk is assumed to be 90% of its gross energy (Roy, 1970).

Thus, the daily ME avatilable to the calf MME is:

MME = DYM-0.9-MCLV.......... (3.11)

Data from the NRC (1978) on the ME requirements of
calves of various live weight and rates of gain were
analyzed by multiple regression techniques. The following
equation was obtained to determine calf daily gain from milk

as:

GAIN1=((MME-0.179) - 0.00033- (CWTX'-%))...(3.12)



32

where GAIN1 is calf gain on milk alone expressed in kg per
day.

Knowing calf birth weight and age in addition to milk
energy consumption, enables one to compute calf wéight from
milk (based on;growth from mflk alone ) (CWT) from birth to
weaning. To express actual groQkh in terms of growth from
milk, analysis of actual growth (CWTX) was conducted and the

relationship between the two variables was computed

(Appendix-2),

3.3.3.6 Voluntary Feed Intake

Voluntary feed intake ‘on the dry matter basis (VFI) is
one of the most important environmental input factors
affecting the level and efficiency of production in cows;
(Kleiber, 1961). The rélationship between feed quality and
VFI in the ruminant is not consistent, bpt rather changes
with digestibility. There are positive relationships between
the digestibility and the weight of feed eaten for low
quality‘roughage feeds; whereas for high quality feed the
relationships are of a negative nature (Conrad et al., 1964;
Montgomery and Baumgardt, 1965; Baumgardt, 1970).

In a situation where physical limitation of the
gastrointestinal tract capacity “sets an upper limit of feed
intake, VFI 1s affected only by the rate of passage of
digesta and the maximal tract capac1ty (Campling, 1970; Song

and Dinkel, 1978).
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Holmes et al. (1961) found VFI to be affected by age.
Song and Dinkel (1978) used this principle and proposed a
general mathematical model capable of computing VF1
consideriné the composition of feed, available energy and
animal maturity.

There are two limits on dry matter intake, a physical
limit (VFID) assumed to be set by gut capacity, and a
physiological limit (VFIP) set by metabolic capacity. These
can be described as:

/

VFIP

((0.1374 ~ 0.086-DOM)/DIG) -EBW® "% ........(3.13)

-

VFID

(0.0528 - 0.020-DOM/(1 - DIG)) -EBW® "5 .....(3.14)

where DOM is degree of 'maturity expressed in fractions and
EBW is empty body weight (kg) and DIG is digestibility
(fractions).

These equations were constructed based on Song and
Dinkel (1978) and data from The University Ranch. Regression
equations which were given by Song ana Dinkel (1978) wefé
used in a separate VFI model. Data was génerated based on
these equations. The generated data were modified to fié_the
form of eguations 3.13 and 3.14. Déta from Price et al.

(1980) were used to test the behavior of the equations.
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In the model, correction factors for feed intake are
computed, and VFI is adjusted accordingly. Baile (1971) and
Bines et al. (1969) showed that VFI declines as fatness
increases. Kennedy (1953) proposed a lipostatic theory of
intake regulation indicating that when concentration of some
compounds is increased in the blood, VFI is decreased., In

the model this is described as:

LIPOS = 1-(RES2/EBW)°® -3 ... ........ (3.15)

L
where LIPOS is the correctii&%factor for lipostatic effect
5

" #5 the weight of the reserve

expressed in fractions, RQ:

LS

tissue (mainly fat) and EB empty body weight (both in
-kg). The predictive gbility of the equation was tested with
data on ahimals (from The University Rénch) from genetic
crosses which were not included in the test of the entire
model. The value of the eprneng (0.3) was obtained thrbugh
a proéess of parameters calibration. The lipostatic
mechanism takes effect in the model when thF value of. the
reserves is over 20% of empty body weight.

Taylor (1959; and Campling (1970) found that qut fill
and herbage intake were ;lso resfiicted by abdominal fat.

The computation of abdominal fat correction factor is given

as:

AFTPR = 0.0072-LWT ....... ...(3.16)

j
/
-
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RVFIF = 1 - (AFTPR/40) ..........(3.17)

where AFTPR is abdominal fat (kg),,LWT is livé weight (kg)
and RVFIF is the correétibn“facté: for abdominal fat
expressed in fractions. This‘equation was constructed to
approximate data from different sourcés‘which were reviewed
by Notter (1977). The value Bf thé constaht (40) by which
AFTPR is di@ided,}was?obtained through a calibratic~
process. In equation;3.10 abdominai fat was consics: - o be
about 0l72% of cow l#ve Qeight (Berg and Buttérfield, 13760
Adjustment in'vfl must:aléo be made for pregnar-y and
lactation, due.to‘thé effect of hormone secretion and

abdominal space accupied by the fetus. The correction of VFI

for fetai abdominal space is described in the model as:

RVFIP = 1 - (FWT/400 ...... ....(3.y§§

P

 where RVFIP is fetal space correction factor and FWT is

fetal weight (kg). This eguation was constructed to
approximate data’froﬁ different sources which were reviewed
by Notter (i977).‘fhe value of the constant (400) by which
the FWT is_dividea,ﬁwés obtained through a!calibration
prochs. e 7

» . . . L
The correction for lactation is based on;#. series of

calculations given by the ARC (1980) describihgbthe effect
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of milk secretion on VFI.

Volun@afy feed intake tends to’decrease as ambient
_ temperature increases, and to increase when ambient
temperature decreases. Young (1981) indicated that for every
1C° below 20°C (assumed as the opt&mal temperature for
standard intake by the NRC (1976{), the VFI is increased by
0.33%.

Biological type has also some éffect on VFI (Song apd
Dinkel, 1978). The biological type (BT) in the model is-
described as a combination of two parameters: mature weight

(A) and initial milk poténtial (1IPDYM);, and calculated as:

BT = (A/480)° 7% - (IPDYM/9.3)°-% . ......... (3.19)

The values 480 and 9.3 represent mature weight and initial
milk:potential of Hereford cow. This cow was used as a model
in most of tﬁe experiment from which the VFI equations were
obtained. Thus, for Hereford cow the calculated vélue of BT
%ouid be one. The exponents (0.75 and 0.3) were obtained

through a calibration process.

¥ 3.3.3.7 Calf Feed Intake
In the suckling calf,the calculation of VFI is

complicated by the,simurpaneous‘intake of milk and forage.

Calf milk intake was described previously. To combine this

with pasture intake, it .was assumed that daily gain (GAIN2)

¢ i
3 ?\;‘ \u-ft‘,\l‘
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could be used as a good measure of energy retention in the
“body (Lofgreen and Garrett, 1968).

To estimate the energy retained in the gain (CNER) of
the calf, the model of Lofgréén and Garrett (1968) was used

8s:

CNER=(0.05437-GAIN2+0.00824 'GAIN2®) -CWTX® - "*........ (3.20.1)

. where GAIN2 is calf gain and CWTX is calf weight. To
estimate the proportion of fat and fat-free components in
the daily gain of- the éalf, data from Haecker (1920) was

regressed as:

CFTGN= ( (CNER/GAIN2)-1.23)/8.6) /0.35. ... (3.20.2)

where CFTGN is the fat in gain expressed as a'fraction of
- ; ° |
the gain (assuming 35% dry matter in the gain (0.35)). CFFGN

is fat-free in the gain expressed as a fraction of the gain
(or 1-CFTGN).
Due to differences in the utilization of metabolizable

energy for fat

g

and fat-free deposition, the efficiency of
utilizing“Mﬁyfﬂr growth by the calf (CKf) can be described

) Jsdng informafion from Notter (1977) as:
4 -

3

‘CKf=(0.660 -CDIG-0.07) -CFFGN+(0.333-CDIG+0.148) -CFTGN...(3.20.3)

'{:V:'[ 3
NPl
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/
where CDIG is the digestibility of pasture forage for the
calf expressed as a fraction.

The dlfference between energy requ1rement for growth
(CMEGR) and malntenance (CMEM) , and the energy available

from milk (MMECF) per'umlt of pasture energy concentration

s
(CDEM) gives calf daliy ﬁry matter intake from pasture as

CDDMP = (CMEGR + CMEM-MMECF)/CDEM......... (3.21)

3.3.3.8 Digestibility

_The percent of digested dry material DIG is that

consumed multiplied by its digestibility and multiplied
again by a reduction coefficient (RDIG). RDIG (equation
3.22) considerz the decline in the marginal increase in
digestibility with the increase in‘percent grain (GR) in the
ration, as well as the increase in consumption level (LI)
(Tyrrell and Moe, 1975), and the increase in the difference
_between ambien®#® temperature and the standard temperature of -
20 C (Young, 1981),

The Qnadjusted digestibility value (equation 3.23) is a
linear function of diet quality expressed‘as'abperéent of

crude fiber in the diet (Song and Dinkel, 1978). The whole
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set of equations is described as:

RDIG=((105.27+(—4.58+(—0.052-GR)'LI)/100)(1—0.011-(ZOfTEMP))

...(3.22)
- ' DIG1 = (88.0- 1.043-CF)/100 ..... (3.23)
DIG = DIG1-RDIG....... (3.24) .

3.3.3.9 Energy Balance—

'The daily energy balance is the difference between
dvailéble energy and erergy demand (EDM). The daily \
available energy is that included in digested feed (EFD) \
plus the energy which may be taken fromfbody réserve (EBD)&
The daily demand for energy isrthe sum of energy for body \
maintenance (BM), for milk productioﬁ;(EM), for fetal
development (EFT) and for maintaining body temperature under
cold stress conditions (EMH).

In the model each of these components is calculated
first in term éf net énergy (NE), and then converted into
metabolizable energy (ME) using coefficients for éfficiency

of utilization of ME. These coefficients will now be

described.
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~Maintenance =

Maintenance requirements of mature animals are
assumed to be proportional to:the 0.75 power of
weight (Brody, 1945). The NE requirement for
maintenance are assumed to be 0.077 Mcal ﬁE/kg
EBW° - "* (Lofgreen and Garrett, 1968). Blaxter (1969)
expressed the effiéiency of utili;ation of ME for
maintenance (Km) as a function of the

metabolizability of the'feedbas:

Km =0.546 + 0.3°Q..........(3.25)

where Q = ME/GE (GE=gross energy). If DE is

digestible energy, and assuming DE/GE = DIG and

| ME/DE;= 0.82 (NRC, 1976), équation 3.25 can then be

described as:

Km = 0.546 + 0.246 DIG ....... (3.26)

As for body condition, it was shown by Taylor
(1970) that ME for maintenang declines as bodyv
. £
condition increases. In the model this is described

as:

COND =1 - (RES2/EBW)........ (3.27)
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¢

whe?e'RESZ is fesggve tissue (gg).
?hé adjugtment of maintenance for :lactation was
bdépted from Moe et al. (1972), who found it to |
increase 7% during lébtétion. Adjustment of BM to
metabolic acclimation when the animal is exposed to
"stressful(climate conditions is also necesséry |
(Young, 1981). In the model, this adjﬁstment,is
based on seasonal changes in thermal environment
. (monthly average). For each 1C° the cow has
;reviously been exposed to above or below 20°C.,
0.8% is subtracted or added to maintenance,
respectively. This is equivalent to the value given

by Young (1981), but in different units.

Lactation

The relationship between daily milk yield and
constituents in milk has been well established’iﬁ
the literature. Schmidt (1971), Gaunt (1973) and -
_Christensenbet al. (1973) noted that milk but;erfa£
'percent¥(MFTPR) decreases with increase in'miik !
yield. '

Butterfat is the main contribﬁtor.to milk
energy. Based on butterfgt curves described by
Gleddie (1965), the relationship between butterfat
and daily yield were con<’ -ncted as described in

detail previously in th. pter.

W
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Energy retained in milk is assumed to be equal
to the net energy NE required to produce 1 kg of
milk (NERM), and.the-relationship calculated from

NRC (1978) data as:

NERM = 0.3602-MFTPR°-®**7¢ ..., (3.28)

Sanders (1977) using data from Moe and Tyrrel
(1975) computed the efficiency of ME utilization for
\milk production (K1l). He assumed that K1 is
influenced by change in digestibility. This can be

described as:

Kl = 0.81 - (0.1/DIG)...... (3.29)

Pregnancy

Net energy requirements for fetal growth are
derived from Prior and Laster (1979). It is assumed
- that energywin the fetus is stored mainly in fat and
protein. Equations deScribing change in fat and
brotein in the fetus with increase in pregnancy were
multiplied by the caloric values: 9.4 Mcal/kg for
fat, and 5.6 Mcal/kg for protein (Maf?grd;et al.,

1979).
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Litefature estimates of efficiency of fetal
growth in cattle range from 0.105 (Moe and Tyrrel,
11972) to 0.25 (Van Es, 1961). Thus, based on the
same principles which were introduced in the |
previous ME utilization efficiency items (Km, Kf and
K1), the relationship between utilization efficiency
of ME for pregnancy (Kp) and digegtibility was
approximated using data from Moe and Tyrrel (1972),.

Van Es (1961) and Syker and Field (1972) (sheep) as:

Kp =0.375'DIG - 0.05...... (3.30)

‘Growth

It is assumed in this study that mature cows do
not have any specific growth requirements. The only
change in cow weight is thus considered to be change
in reserve tissﬁe.’

Van Es (1961) determined the ME utilization
efficiency of gaining or losing reserve tissue in
dairy cows during lactation as: 1.61 Kcal ME per
RKcal tissue gain and 1.43 Kcal ME per Kcal tissue
loss. These values can be converted into reciprocal
fractional efficiency units Kf as: 0.62 and 0.76,

respectively.
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There is general aqreement in a large number of
studies with dairy cows, that the deposition of ME
1n reserve body tissue is more efficient in
lactating cows than that which occurs in normal
fattening nonlactating cows.

In the model the ME utilization efficiency for
weight change Kf in dry cows is the‘common one which

was given by Blaxter et al. (1969) as:

Kf = 0.03 + 0.81-Q......(3.31)

when metabolizability (Q) is expressed in

digestibility units:

Kf = 0.03 + 0.662-DIG....(3.32)

It is assumed in the model that during
lactation sggéﬁ'constant with a value of 0.62 (van
Es, 1961). IA the model the constan£ value of Kﬁ;fof
tissue loss was reduced by 0.06 units (0.70) based
on similar values presented by Goldman et al.

(1978).
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Climatic Stress
When cattle are exposed to thermal environments
below their lower crltlcal temperature, an

¢

add1t10nal energy component (EMH) 1s added to the

' daily energy demand. The lower crltlcal temperature

(Tc) is defined as the effectlve amb1ent temperature
below which an animal must increase the rate of heat
production to maintain the same level of
productivity and to prevent'a fall in body
temperature. The Tc 1s calculated based on Young

(1981) as:

Tc = 39.0 + (0.36"IE)-H-(IE + ITT).....(3.33)

where 39.0 is body temperature in °C, 0.36 is
assumed the minimal loss of heat by evaporation
(Blaxter and Wainman, "1961) "in Mcal/m? .3, H 1is the
heat productlon from normal digestion and metabollsm
at environmental temperature slightly above Tc¢ in

Mcal/ m?*.d., calculated as:

H =(EFD - (MRE + FRE))/SA..;(3.34)

where EFD is energy in the feed in Mcal of ME, MRE

and FRE are the NE content of milk and fetus in
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Mcals and SA is thg surface area of the cow (assumed
(0.09 (WCOW-liveweight)®-*")) in m?, ITT is
coefficient of tissue insulation ranging between 2.5
°C.m?.d/Mcal in a new born calf and 12.0
°C.m?.d/Mcal in an adult animal and IE is
coefficient of external insulation ranging between
3.0 to 17 °C.m?.d./Mcal depending on the coat depth
and the wind speed (Young, 1981),

The increase in energy demand in environments

colder than the animal's Tc is given as:

EMH = SA-(Tc - TEMP)/(ITT + IE)....(3.35)

where TEMP is the ambient temperature. £

3.3.3.10 Energy in the Feed

Energy in the feed is the feed consumed multiplied by
its energetic content. The relationships between crude fiber
content (CF) and ME concentration in feed (DME); have been
well established in the literature (NRC, 1976). Using the
NRC (1976) as a source of data, the relationship between ME
concentfation and crude fibe; content of the feed was
.calculated by regression techniéues. Substituting equation
-3.23 for crude fiber, the relationship bet&een ME |

y
concentration (DME) and digestibility were constructed as:
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DME = 4.112-DIG - 0.115...... (3.36)

Data predicted by the equation was found to fit similar data

presented by Song and Dinkel (1978).

3.3.3.11 Body Reserve

Body reserve (RES) is definedvas‘a storage of energy,
into which daily surpluses over demand are put, or out of
which energy is taken to cover deficit in supply. Goldhan et
al. (1976) determined reserve tissue in high producing dalry
cows at parturition as being 9 to 10 percent of empty body
weight. Taking into consideration the difference in
condition between dairy and beef cows at éalving, it was
assumed that reserve tissue in beef cows at calving time'is
only 4 ta 5 percent of empty body weight. Thus, the initial
value of the reserve (RESI) is a multiplication of 0.196

body weight expressed in Mcal.

e e

Cows can gain or lose reserve energy. The reserve rate”
of change (RESCH) of a cow gaining in reserve\eneré&
(EGAIN) , differs from that of‘a cow depletingire§erve ené?gy 
(ELOSS) accoréing to the balance of energy andiwéight;y o
exchanges in different stages of the physiologiqglﬁéygle

(ARC, 1980). RN

The caloric value of reserve -tissue (CVGN):i§ hbt
uniform, but changes with change in phy51ologlcal status and

condition of the cow, It was estimated in dlffei
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as ranging from 3.41 to 7.6 Mcal/kg (Notter, 1977). In the
model caloric value of gain is 4.91 Mcal/kg, assuming 70%
fat in reserve tissue dry matter (Reid and Robb, 1971). Berg
and ﬁutterfield (1976) described a study which was carried
out by Reid. Who, working with sheep found that
realimentétion following weight loss resulted in lower
levels of fat and higher levels of water ang protein than
were maintained during positive growth or on a weight losing
regime. Thus, caloric value of the gain is eet at 3.50
Mcal/kg gain in periods of copensatory growth.

The potentia} to use reserve energy (PDRU) is
restricted to 5% of the reserve per day. The weight of the
reserve storage -(RES2) is calculated in. the model by an
*integration of gain or loss in RES devided by i1ts current

caloric walue.
-

3.3.3.12 Body Weight
' There are three body weighﬁsiﬁalculated‘and used in the

model i

- 1. a hypothetical petential live weight, compUGEQ first as
initial weight (WCOWI) and as a reference live weight
(LWT) thereafter (Appendix-1).-

2. an actual live weight (WCOW), QEd

3. an empty body weight EBW which reduces live weight by
gut fill and fetal weight. |

To estimate changes in empty body welght, gut fill

should first be known. Gut fill can vary widely according to
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animal + -ight, physiological state, and physical and
chemical characteristics of the diet. Using data from
(Haecker, 1920; Moulton et al., 1922; Priée et al., 1980) a
multiple regression.aﬁalysis was carried’out, and EBW

expre§§ed as a percentage of LWT was computed as:
“~

G = 0.87 + (12.3 ~ ( 1.38-CF))/LWT). ... (3.37)

*

Very similar equations were reported by Song and Dinkel
(1978) ané the ARC (1980). _

Empty body weight is calgulated first as an initial
e&pty body Qgight,(EBW1~= LWT-G), so that the live‘weight
(WCOW) can be computed ;herqafter on the ehpty body basis

"

as: = - : . T

WCOW = (EBW1/G) + RES2 + FWT....(3.38)

{o
i

The current empty body weight is the initial EBW plus

‘RES2,

v

©3.3.3.13 Timing . :

There are four time scales used in the model:

—
.

real time scale (TIME) which is the actual calender in
.ys from day 0 to day 760,

2. a lactation calender (LACTID) starting at calving and
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ending at weaning each year,

s
=4

3. a gestation calendar (GSTIM) starting at conception and

ending at calving (CVDATE) each year and

In, addltlon to the real t1me calendars there is a monthly
calendar wh;ch computes the current month based on sum of
days in each month.

: In the’model the first calv1ng occurs at t1me zero,

while the first conceptlon occurs 75 days later Gestation

" length (GL) and age of calf at weaning (WENTIM) are defined

in the input parameters. New calving occurs GL aays after

last conceptioh, and subsecuent conception occurs only if

all the follow1ng four conditions are fulfllled

f. At least 330 days have passed 51nce last conception.

2. The cow is in a non negatlve energy balance.

3. . The season is a breedlng season and. there are bulls-
present in the herd’

4, The reserve tissue ranges between 12 and 20 .percent of

the empty body welght

These four assumpclons are based on a large body of

Wliterature. For the first set of conditions it was shown by

Wiltbank and Cook (1958) that the average interval from
calving to first corpus luteum was 53 days 1in nursed ccws,
If GL is computed as being 283 days on the average, the
minimal time taken from one conceptionlto the next sexual

cycle is on the average 336 days:
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Wiltbank and Cook (1958) also peported a 43% difference
N Y

in conception rate between cows gaining and losing weight

.
ey

during the breeding season. In additibﬁ,14% of the cows
losi?g weight did not show heat at all. Schillihé and
England (1968) showed that weight change .during the bfeeding
season had a highly significant dffect on calvihg
percentage. They célculated an increase of 0.203% in calving
rate with each kg. gained during t¥e breeding season. Based"
on fhis, it Q;s assumed in the model that, as long as cows
were in a negative energy balance (weight loss), conception
is postboned; e _ o \ :
Cow condition appears to be the major criterion
influencing fe}tiiity in the cow. Wiltbank (1981) reported
that within 60 days>after calving oniy‘46%tof the cows which
were. thin at calving were c&cling compared to 61% of the‘
cows in moderate condition and 91% of cows in gobd
'conditionf Tﬁis suggested that a minimum level o¢f stored,
easily mobilizable energy is ng%essary for ovulation and
cycling in cows. It.was suggested al@ythat storage and
metabolism of estrogen is‘connedted directly to adipose

'tﬁssuei(Brown and Strong, 1965). Frisch et al. (1977)

b

indicated that if there were é‘method to count the number of
cells»of adipos% tissue due to the interaction between
adipose tissue/and gonadal ho?mones, cycling might be
determined by éhangé in adipose tissue. In the model,

i S ;
reserve depot #issue was selected to represent adipose
tissue, so thaL cycling could occur only if a certain level

/

/
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of this tissue is obtained. On the other hand, it was shown
. by Arnett et al. (1971) that.obesity is detrimental to ]

fertility, so.that an upper limit should be set as weﬂl. An
interval rangiﬁg between 12 to 20 percent was selected after
the model was simulated, and compared'with different sets of

data from The University Ranch. o -

3.3.3.14 Grazing

In"a cow-calf system, the pasture is the most important
nutritional resource. To increase the model's flexibility; a
grazing subprogram was incorporated. Since herbage dynamics
was not a primety objective in this study, the -usual concept
of grazing dynamics has not been iﬁplemented here, and
pasture growth is not a function of seil and climate, but a
function of time. The form of the herbage growth eguation is
based on work by Bailey et al. (1980), and it is given as a.
monomolecular growth function. Herbage is not divided into
green and dry as traditionally has been done, but crude
fiber concentration of herbage is'given as a function of
grazing time (HRA). The content of cfude fiber in the
pasture is given in the model as a curvilinear function of
time In the model the value of the crude flber in the
pasture is changed from 20% in Apr1l to 25%. in August and to
the upper level of 40% in September (Smoliak and Bezeau,
1967). Pasture quality femaiq$QCQggtant from September to

the next grazing year (starting in April).

-
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Herbage growth is calculated daily. The quantity eaten
by the grazing animals is deducted, and a new herbage weight
is,compﬁted based on thé monomolecular growth function.
Changes in herbage dfy matter digestibility are made in
accordance with daily changes in crude fiber due to plant
éging. It is assumed that no dry matter is lost by
'weathe;ing processes,

Computation of forage intake is based on
‘1. availability of forage expressed as kg/acre,
2. the potential VFI of the animals coﬁsuming the forage,
and - \
3. the stbcking rate (ANID?) which is set in the model as a
parameter. |
Availability factors are used to modify maximum intake
as determined by the animal when forage is limited.by heavy
grazing. The 0.,0007 coefficient used in the moael for |
availébility was used previously for sheep by Vickery.and
Hedges (1972). The model provides three management controlsg
over grazing: stocking rate, first day of pastureh(DELAY1),
and supplemental feeding kSU) which'is set up to provide‘the
animals with gréin and hay.

. It was decided to expose the pasture to the highest
possible grazing pressure before availability becomes a
limiting ﬁaétor. Stocking réte was thus increased by
iﬁcrehents of 0.1 cows/acre starting at O.2=cows/acye.

Biomass removal was then simulated and it was found that 0.8

cows (and their calvs. = per acre year round was the highest

3
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density which did not influence voluntary consumption.- Thus

»Stocking rate in the model was set at 0.8 cows/acre.

3.3.3.15 feriiiity

A quaﬁtitatjve model to predict the percentage of c&ﬁs
that will conceive during a specific time period was
- described by Sanders (1974). In his model- factors such as
ngnétype, age, weight, rate of change in weight, time since
calving and lactation status wére used as a basis for the
equations. A different approach is taken in this model for
the computétion of conception rate apd distribution. There
are two basic functions: cycling diéﬁribution of cows
(FFERT) (Wiltbank and Cook, 1958) and probable sexual
activity of bﬁlls (FBULL) (Figure 3.4).

It is assumed that the distribution.of cow cyclings are
connected to the average open days simulated by the model.

Thus, a fertility coefficient FERT1 is computed as:

FERT1 = (0.8/FFERT1)...... (3.39)

where FFERT1 is the accumulated fraction of cows which are
expected to be in heat after "open days interval"” period of
time. The adjusted cycling C#ERT) is computed as:

¢

FERT = FFERT -FERT1.....(3.40)

w
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where the maximum value of FERT is 0.950.
A multiplication of FBULL with FERT yields the final
conception distribution and rate which is directly converted

into calvimg distribution and rate.
sy

3.3.3.16 Calf Death Léss

Calt survival has been described in different studies
as a function of the environment, dam cdndition, calf age
and growth rate (Notter 1977). Usingldata from The
University %énch no such relationshi; has been found. Thus,
it was decidkd to use an average calf death loss of 1.3% per
month_&hich ig the average rate at The University Ranch.
Weaning rate then, will be a multiplication of calving rate

by the number of months to weaning and by 1.3%.

3.3.4 General Assumptions
1. The cows are on a seasonal pasture year round. During
the grazing season (Spring, Summer) total feed

~

requirements are obtained from pasture, whereas during

/

the winter (December to April) cons¥mption is made up of
hay, straw andbgrain. | ‘

2. WeaningAtékes place 180 days after calving.

3. Supplementary feed energy is computed accordirig to the
NRC (1976). | |

The management system at The University Ranch as a

whole was.déscribed in’gghail by Berg (1978).
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3.3.5 Estimated Parameters Procedures

h?

3.3.5.1 Growth Parameters

Cow birth weight BWT and preweaning growth GN is
required for the computation of her life—timevpétential
growth. BWT and GN for HE, SY anq DY were set éti 32°.8 and
0.776, 34.6 and 0;935 and 38.2 and 1.011 kg, respeétivély.
Degree of maturity at birth in HE and SY was set at 6.8%,

whereas for DY it was 7.4%. (Appendix-+1).

3.3.5;22Geétation Length and Calf Birth Weighf

_ As explained in the section on fetal growth equatlon
'3.10 is used in themmedel to calculate calf blrth weight.

For mature cows, R1 is a constant and its values for_HE,'SY~
and DY were Set at: 0.0006391, 0.0006970 and”O.DOO7822,
respectively. These parameters were obtained by a covariance
analysis of data from cows used for artificial ihseﬁination,
‘where the gestation length was used as a covaria%é and birth
weight of the calf as the*dependépt variablé, Age of dam ,
year and sex were also inclpded in the modei“ éés?afion
_length in the same analysis was found to .be 286.210.3,

283.4+ 0.4 and 282 2+1.4 days for HE, SY and DY,

respectively.

3.3.5.3 Calf Growth
As described in Appendix-2, regression equations were
formulated to describe the relationship between CWT and CWTX

o

as.
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GRP2
CWTX = (GRPO + (GRP1:-LACTID )) CWT....(3.41)

where GRP1 and GRP2 are the regression coefficients and
LACTID is current time of lactation (days).” GRPO is cggthed

as.:

: - GRP2
GRPO = 1 - GRP1 LACTIN ee..(3.42)

where LACTIN is the time at which the change in total gain
first passes the change in milk rate of gain (simulated gain
on milk alone). The values of the regression coefficients

GRP1 and GRP2 were derived as 6.4527E-5 and 1.8 for HE,

£

4.7§6E-5 and 1.5 for SY and 5.0E;4 and 1.5 for DY.
a : .
3.3.5.4 Milk Fat

The general equation for butterfat as described in the
milk production sgction is too general fo fit diffefent
breeds. Thus, based on data from Gleddie (1965) and Butson
(1981) which were analyzed by least sqguares techniques,.
breed muliplicative correction factors of milk fat were

calculated to fit equation 3.7 and found to be : 1.3, 1.25

and~1.26‘for HE, SY and Dy, respectively, ~g*;



3.3.5.5 Body Reserve

I't was assumed that the initial value of reserve tissue
in the body is 5% of empty body weight, and that the maximal
amount of reserve which can be converted into mobilized
'energy is only 5% from the entire reserve tissue in the body

per day (Goldman et al., 1978).

3.3.6 Validation Procedures
The performance of the model was tested in\three ways:

1. A graphical presentation comparing the values of the
model with the experimental results.

2. The coefficient of variation (CV) of forecast
deviations, relating them to the average observed values
in percent..

3. The correlation forecast (r?); i.e. correlation between

model-simulated and experimental-observed data.

3.3.7 Data

"Data obtained from The University of Alberta Research
Ranch at Kinsella were handled in three Separate sets. One
set thch included the entire population of the three
breeding groups: HE, SY and DY was used for ggnéral
parameter esimation. The second set which included
observations on the same three Breeding groups, was from
animais participating in the milking experiment (Butsoh,
1981) and was used for the validation of cow weight. The

third set of data included cows from all three breeding
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groups in which the cows genetic group was the same as their
calf genetic group (as defined by their breed code in the
ranch record). This set was used for the validation of the

model results as a whole except for cow weight.

3.4 RESULTS AND DISCUSSION
NOTE: The results discussed in this section are those
predicted by the model. The detailed timing index for the

graphs is illustrated in Appendix-5.1.

3.4.1 Calving and Weaning

Simulated and experimental weaning”results of the three
breeding groups: HE, SY and DY are presented in Table 3.1,
Experimental wéaning weights in both years (1976-77) were
fairly similar and so were tgé simulated results. For SY and
DY the simulqted~weaning weights were a bit lower than the
actual. - X

Calving distribution is presented only for 1977, since
the "open déys interval"” for 1976 in the model was set by
the initial conditions. The validation of simulated calving
distribution revealed that despite the large devigfion in
some particular cases, the general picture respénded
appropriately. Sanders (1974) preséntedla model of
reproductive performance in‘cattle, using a completely

different approach. In his study the validation process

showed the same degrée of accuracy in predicting calving
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distribution as in this study. In a least squares analy;ishv
on the observed calving intervals of the same population of
cattle, it was found that there were no sigqificant
differences between breeding groups (Appendix~3). As fbr the
simulated calving interval, no differences were found
between HE and DY cows when compared to the experimental
results, but ﬁor the SY cows the simulated calving interval
was shorter by 10 days than the actual interval.

The same results but in the opposite direction were
found for calving rate- a high correlation between simulated
aﬁd observed results for HE and DY cows, and some
differences for SY coﬁs. Evidently this_deviation can be
attributed ta change in estimated reserve tissue 'in SY cows
which would teAd to influence estimated conception time, and
could be different from the general approach which was

presented in the model.

3.4.2 Cow Weight

A‘graphical comparison of the simulated and the
observed live weight of all three groups is shown in Figuresn
3.5 through 3.7. The coefficient of correlation ( r‘l) and
the coefficient of variation (CV) between simulated and

observed live weight are given in Table 3.2.

Some of the difference between the simulated and
Observed patterns of weight can be attributed to the fact

that the observed data included more missing data points

-

b
i
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Table 3.2 The coeftncxent of variation (Cv) angd ot

correlation (r*) for live weight ofﬂmature cows

V4

@

Breeding Number of cv r?
Group Cows (%)

HE 103 2.87 0.921

SY 225 2.13 0.950

DY . 61 : 3.39 0.889
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than;the simulated, so that the observed curves fluctuated
much less than would be the case if they were’ recorded more
frequently. The dlﬁference among groups in 51mulated weight
is presented in Figure 3.8.°

3.4.3 Dry Matter Intake
| Due to lack of experimental in;ormation on the#amount
of dry matter consumed by beef cows from pasture, the
simulated dry matter intakecoﬁvrange beef cows“was compared
Qyith data calculated‘from-NRC k1976). Good agreement was

I -

found, ‘ : o ' ¢
. y . .

The simulated total dry”matter intake for both years
' (1976-77) and the distribution of dry matter between pasture
and supplementatlon 1s presented in Table 3.3. The
supplementary feed _was forced 1nto the model in the
beglnnlng of December and removed 1n the beglnnlng of April.
The 51mula¢ed amount of supplementary feed which was
"consumed by the cows fitted that whlch was reported ‘by Berg
(1975). | ” o
- Qeef SyntheticbandvDY were estimated to consume 5% more
'supplemengfrytfeed and 8% more from~pasture than the HE. Of
the total amount of 51mulated dry matter removed from _
~d'pas-tur:e, 83.6, 78.9 "and 76 6 percent was cénsumed by the cow
‘and 16. 4} 21.2 and 23.4 percent by the calf 1n -HE, SY and
DY respébtlvely About 28% of the total consumed dry matter

Y B
A

‘Was 51muﬁated to come from the supplementary feed



Table 3.3 Simulated dry matter intake for cow and calf from three

breeding groups over two years.

Item Breeding Year
Group 1976 1977
. {
Kg % Kg/day: Kg b Kg/day
cow
Total
HE 2445 .3 100 6.7 2493 .9 100.0 6.8
Sy 2677 .3 100 7.3 2675.3 100.0 7A4f55
DY 2621.8 100 7.3 2698 . 1 roofé“v7n4‘
Pasture ' a
. o .
HE 1763. 1 72.1 7.0 1808.2 73.0 7.1
’ Sy 1913.7 72.0 7.5 1956.2 72.0 7.6
DY 1911.4 73.0 1.5 _iséa.s 73.5 7.8
Supplementation '
HE 6822 27,9 6.2 685 .7 270 6.2
. SY ‘715.1 28.0 6.5 718.3 28.0 6.5
DY ‘7104 270 6.4 7135 26.5 65
v 7
CALF e R K
Mi Tk (180 day basis) .§’ [
| HE 128 .2 27.1 0.71. 128.6 2609 O 71
'SY 153.0 23.0 0.85 151 . 1 23.3 0.84
oY 170.2 22.5 0.95  168.2 22.3 0.93
Pasture (100 day basisl i} R -
HE léas.o 72.9 " 3.4 3;3.7 73.1 3.5
’ SY 511.3° H77fo‘ 5.1 498 . 1 76.7 5.0
DY 586 2 77.5 5.9 584.0 77.7 5.8

64
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Calves were simulated to consume only pasture and milk

(no Cregbbwas provided). Hereford calves consumed milk and |
pasture in a different ratio than that consumed by the SY
end'DY‘ealves. While HE calves consumed 27.1% of their total
simuléted dty matter from milk, SY and DY consumed only
about 23%. Tﬁe’remainingp72,9 and 77.0% were estimated to
come from pasture. As described in detail in the section on
milk coneumption the total estimated consumption .of HE
calves was less than that for. the two other groups./slnce
the HE calves were limited by their dry matt®r conéémption
capacity, the portion of milk in their entire daily intake
wasvestimetedqto be somewhat gre;ter than that of the two
other groups. .f

| gdry matter intake would

The model pred{cted'tha

increase by 2.0 and 2.9 percent for DY and HE cows

‘respectively from 1976 to 1977. No increase was predicted

9‘&!':5

for SY cows and that was attrlbuted to the slight lipostatic
depre551on Whlch was predlcted to occur durlng the second
cycle. |

The pattern of the simulated dry matter intake of the
cows from the three breeding groups is shown 1n Figure 3.9.
The general shape of the dry matter 1ntake%curve-was very
eimilar to that presented by Forbes (1977) fot lactating and
pregnant’gra?ing ewes.

Immediately aftet calving, intake was predicted to rise

steadily due to lactation. Then in the fourth month of

 lactation intake reached an upper physical limit, mainly in

]
I
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the high producing cowe'(DY and SY), which predominated for
the rest of the lactation period. In the SY cows, a
simulated intensive fattening process soon after the peak in
dry matter consumption caused the lipostatic effect to
,interveue and feed intake was slightly reduced in the second
cycle as shown at time 480 days in Figure“3,9.

| After weaning; due to the decline in the cows'
requirement and the decrease in pasture quality, dally dry
matter consumption of cows was estimated to drop
drastically.

In December (240 days after parturition), a feed

supplement of bett%f@ Qality fromkthat of November pasture

was provided. This ¢« 5ined with a drop in temperatures,

/

caused a sllght 17%2 ase 'in the cows' predicted feed intake.

From the 7th
V

parturition) p@y31cal llmltatlon on intake, (which was

onth of pregnancy (about 300 days after

1nvoked by the/growth of the fetus) and relatively moderate
quality supp ementary feed caused a slight decrease in

‘predicted fefd intake.

3.4.4 Digestibility

Lack of information concerning the dlgestlblllty of

P A R

pasture at The Unlver51ty Ranch at Klnsella, forestalled the

val1dat10n of simulated digestibility. S1mulated S

dige@%ieélity on a daily basis is_presehted in Figure 3.10,
The‘University Ranch is at the edge of the boreal

forest, and is characterized by groves of aspen poplar and
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other brush as described by Moss (1955). Smoliak and Bezeau
(1967) cellected and analyzed different native’grasses and
shrubs at five stages of growth, and fou;d digestibilitib
(calculated on a crude fiber basis) to range from about 67%
to 46% from stage one to five, respectively.
The seasonal pattern of simulated digestjbility was

‘quite homogen;c in all groups, except for thelperjod where
the lipostatic depression in the SY cows reduced feed intake
which resulted in a slight 1ncreas%§?n digestibility.

Pasture digestibility was estimated to be from about 63% in
@}ﬂuné\to 45% in October-December.
b Immediately aﬁter calving there was an 1nerease li
digestibility which reached a peak in mld June, follow1nq
the increase in crude flber content.”In September due to
the sharp increase 1n crude fiber, the dlgestlpllzty dropped
dramatlcally, and remalned low (about 45%) till December
when more,dlgestlble supplementafy feed was ptovided (about
55%). |

Notter (1977) used digestibility as an input parameter

for his model and found it to range from about 48% in the
winter tg about 67% 1n May- June Hle cow herd was.assumed to
be_pastured on green forage alone from May to Oetober, and
on dried forage (hay) from November torApril; Thus, the
digestibility given for the latter period was for

éupplementary feeding.

{

e
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3.4.5 Milk Yield - .

Simulated milk consumption of the calf in the three
groups is shown in Figure 3.71. Three phases were observed’
~in the simulated calf milk consumption pattern. The first,
was characterized by a period of increase in consumption and
was limited by calf milk capacity. The second which came
immediately after the peak point, was characterized by a-
period of decline in consumptlon and was %1m1t¢ﬁd‘y cow milk

"},\e"
yield potential. The third (which came_fg

: 39, 40 and 44 days after

calving in HE, SY and dgivﬂesbectively. Since DY cows had a
greater milking potential, their production estimates were
higher than the SY co&s and SY higher than the HE cows.
Total milk and fat correctedéﬁﬁ%k consumption and the
reduction in milk (RDYM) dge to cow energy deficit included
ipast effect" (DEF), by groﬁp and by yeér are p}esented in
Table 3.4. The estimated yféld'in 1977 was slightly lower
twanffﬁgiuin 1976 due to a réduction in milk production and
"past effect", derived from a colder fall. In ali groups,
milk reduction wasnpredictgd to increase from‘1976 to 1977,
“So that cow yield“d§creased. The difference between
potentialvanQ$51mulated milk consumptlon is refered to here

as total milk loss. In HE cows, total m11k loss was

predicted"to increase by 17.9% from 1976 to 1977. For SY and



Table 3.4 Simulated milk production of cows from three breeding -
groups over two years.
Breeding Year » DYM FCM ROYM 6EF fotal
Group ) ' ! Kg

HE 1976 986 .8 1065.0 7.1 17 .4 24,
1977 989:5 1064 .8 8f1' 20.8 28.
Sy 1976 1771 1180.3 1.7 13.7 19
1977 . 1162.0 & 1164.5 6.6 31.5 a1,
DY 1376 1309.0 1273.0 - 5.8 164 22.
1977 1290 1 1257.0°  19.5 12.0° 61.

DYM -daily milk yield

FCM -corrected milk yield

ROYM -m:lk reduction due to energy deficiency
DEF -loss of milk due to past effect )
Total-RDYM+DEF

69
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DY the predicted figure was higher, at 111.8% and 177.0%,
respectiVely. This increase in total loss of milk was
derived ffom the increase in the relative loss caused by the
past effecti(DEF)..It is evident that the larger tﬁe milk
potential of the breed, the larger will be the loss of milk
-in year.of“suboptima; conditiens,compaped to a year of

optimal conditions.

w3446 Energy in.the Milk

| Tﬁe sihulated“milk butterfat percentage (butterfat
percentaée) of the three groups is sHown in Figure 3.12. The
increase in daily butterfat percentage from May to October
was predicted to be: 0.23, 0.24 and 0.25 percent in HE, Sx
and DY con respectlvely This can be attrlbuted to the
nature of the function w;th which butterfat percentage was -
151mulated, characterlzed by a negative relatlonshlp‘betWeen
daily milk yield and butter- Dercentage. Since the
relative change in daily mil-  eld from peak point to /
weaning boint_idfthe DY group was theulargest (due to larger

~drop in daily milk yield during the terminal lactation -
phase), the change in butterfat percentage was.the largest |
too. These results for DY and SY approximate the data ‘
obtained from Butson (1981), where daily changes in
betterfat percentage-frdm June to September were: 0.0244,
0.1848 and 0.1918 percent for the HE, SY and DY

respectively. ;-

H
[



71

3.4.7 Fetal Growth

The simulated fetal growth from conception to birth is
shown in Figure 3.13. Since the parameters describing the
shape of the curve were taken from Prior and Laster (1978),
fetal development for all three groups shows tne same
pattéfn. But, due to differences in blrth weight and length
of gestation among the groups, the height of the curves

appeared to differ.

3.4.8 céif"QQSQGy

The simulated calf growth on dam's milk alone, and the
actual grqwﬁh derived from the regression of the conversion
of milk gnowth to acfual growth (Appendix-2) are presented
in Figure 3.14. As discussed in detail previously in this
chapter differences in both preweaning daily gain and 180
"day weaning weight have been satisfactorly verified w1th

~data from The University Ranch.

3;4.9 Metabolizable Energy Input-Output

For the purpose of analysis nf energy utilizatic he
reproduétiQe cycle was divided into three periods:
lactation, which lasted for 180 days, followed by a low
pasture quality period which lasted for 60 days, and a
wintering period which lasted for 100 days (a period of
about 30 days ffom’the end of the wintering to the next

calving is not included, but only in the .total).

Ty



Total simulated energy requirement, energy intake and
the energy balance for the three periods, and from one
calving to the next are given in Table 3.5. Yearly energy
demand of SY cows was estimated to be greater than that of
HE cows by 7.8%, but less than that of the DY cows by 3%.
?%e HE cows were predicted to be the lowest in energy
consumption followed by DY andiSY by 7.4 and 8.6 percent,
respectively. Energy demand in the first period was directly
related to the energy requirements for milk production, thus
the DY cow demanded 3.1 and 1.3 percent mofe energy than HE
and SY cows, respectively. In the second and the third
periods, energy demand was affected to a greater degree by
pre%nancy and maintenance requirements, so that the SY cows'
demand for energy was at a rate simila; to that of the DY
cows, and tHe HE cows' demand was at a rate 5.5% les;. This"
estimation indicated‘that HE cows tended to have lower
wintering requirements than the‘other groups. Therefore, on
a yearly basis the QE cows were estimated to just balance
their energy budget,}éhe SY cows accumulated some energy
into their body resegve depot and the DY cows lost some
energy reserve from body’tissue.

These results are to some extent different from those
reported by Bolduc et al. (1978). In‘their experiment they
provided the cows with additional energy on days where the
temperature was below -18°C. The amount of energy consumed"

in the winter by HE, SY and DY cows was 15.22, 15.22 and

15.20 Mcal/day compared to‘13.90, 14.94 and 14.74.Mcal/day,
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*
respectively, simulated in this study. Based on that,.it was
concluded in their study that the winter maintenance
reguirements of HE, SY and DY cows were: 12.64, 12.59 and
12.62 Mcal/day compared to the prediction of 11.05, 11.90
and 11.8 Mcal/dé&, respectively.

The average daily energy used for maintenance in the
whole period from calving to calving by HE, SY and DY cows
was predicted to be 9.86, 10.57 and 10.46 Mcal/day,
respectively. Heat production was 12.12, 13.28 and 12.74,
and the additional heat produced in the winter to ﬁaintain
normal body temperatures was 0.23, 0.24 and 0.19 in 1976 and
0.37, 0.45 and 0.41 Mcal/day in 1977, respectively.

i

The simulated energy balance of the cow expressed in \
\

Mcal of ME/day for the three groups is shown in_Figure 3.15.
when‘compared to the VFI pattern shown in Figure 3.9, the |
energy balance,‘wﬂich represented the difference between cow
energy intake and energy demand, shéwed a very similar
pattern. A positive balance of about 1 to 3 M%@l/day for the
period May through August, and a'fluctuating balance for the
pest of thé time were simulated. This fluctuaéion in energy
bélancé was derived from the naturéiof the relationship
Between energy intake and energy demand (Figure 3.16).

. . : -
Increase in energy demand| immediately after parturition --

eariy"in'April, could not be.compgnsated by enefgy intake

(due to low early pasture availability and upper limit oh“fﬁ?ﬁﬁgf

B

feed intake), and a negative balance was predicted. By mid’

May, energy consumption equalled demand, and a balanced
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enerqgy exchanée was predicted. From there onwards increase
in pasture energy concentration and intake, and a reduction
in energy demand for milk resulted in positive balance. In
mid-September two things happened, pasture became less
concentrated energetically and calves were weaned.
Consequently, both energy in the feed and energy demand were
on the decline. In November due to a decrease in ambient

%

temperature, an increase in energy demand for maintenance
with no change in energy in the feed was predictedjg;hich
resulted in a negative energy balance. In December, a
suppiementary feeding system was introduced and energy in
the feed was increased towards balanciﬁg winter energy
requirementé. The supplementary feeding plan which was
practiced at The University Ranch did hot provide the total
amount of energy needed by the cowé in the period January to
February, thus, the estimated balance tended to be slightly
negative., In March, there Qae an increase in energyvdemand
due to an increase in fetal energy requirements, accompanied
by a slight decrease in energy intake (due to fetai vofume

(Forbes, 1977)). Therefore, a negative balance was predicted

for this period.

3.4.10 Wintering

\\ﬁﬁtifg~fﬁe“EEE?EBHEHtral~zone,»heat production for a
”3g£;en feeé\intakeeisconspanfi(Webstef\T§28), (Figures 3.9
and 3.17). Below the thermoneutral zone, heat proddction is

increased, and this can only occur if energy is diverted
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from productive purpbses. It is tﬁerefote of practical
importance that the limits ofbth@v;hermoneutralQZOne be
defined. Since the temperatures in Alberty can drop below
the thermoneutral zone in the winter, but very rarely can
increase above it, only the cow's lower critical temperature
(Tc) was simulated. Figure 3.18 shows the simulated lower
critical‘tempefaturé in the three groups as affected by the
change in cow energy balance (Figure 3.15). ‘,

| Ié was shown 1in several studies (Bruce»and Clark, 1979;

Webster 1@787 Youﬁg, 1981), that the level of energy intake:
is directly related to the lower critical temperature. When ’
feed intake was high kMay to Séptember) the predicted lower
critical temperaturé tended to be very low, about —30fC
(Figure 3.18), This value was similar to that reported for'J
beef cattle by Webster (1978): For the pe%iod September to
December where intake and digestibility were fairly low, the
predicted lower critical temperature was relatively q&gh -
(above 0°C). These values were calculated on the as;metion
that the internal insulation factof is a function of weight

‘ / [

. . . . . .
and not of reserves. Since in this period body reserves are |

" at their bighesf level, it is expected that cow insulation
would be better and critical ;emperaﬁure would be lower.

. [N :
However, this can be considered as the only period where
heat losses in relatively comfortable weather can induce
ingféésegﬁih énergy input into heat'production. In Decgmbér;
when higher quality supplementéry feed was provided to{the;

cows, the lower critical temperature dropped to a level of

[



_f10°c' whlch st111 wa§ not low enough to re51st the~fa1rby
low amflent temperatures exlstlng at that t1me and cows
P

vere ed1cted to catabollze fat to keep body temperature

stable.‘ R o )

fﬁ leferences Bmong group were estlmated to be small The
HE cCOowS: because of the1r lower 1ntake usually presented any .

1nfer10r crltical 11m1t at hlgher .ambient temperaturcs.

- 3.4.011 Body‘Reserve v \

The pr1nc1ple of degree of maturlty was 1ntroduced in

the Texas A&M model (Sanders, 1977). In the present model

l

by contrast a concept of body reserve was 1ntroduced and
used in the computation of: falrly 51m11ar control varlables
The simulated pattern of the body reserve depot as a

percentage of empty body weight in the three groups‘for the

4 : .
two years 1976—77'is shown in Figure 3.19, Immediately after

parturitiop,'there was a\decline{in-body reserve which
\\\\contributed to the corresponding»drop,in éow weight afte§
calv1ng About 40 to 60 days after partur1t10n when energy
balance was improved, there was an increase in body reserve;
which continued till Septemberdwhen pastureklimitation A

R . . . ¥ N ,
imposed a negative balance. Thds?ifrom thereafter, body

reserve 'was predicted to decrease.

Breeding group differences did not show the"same

~ pattern over the years. While in 1976 HE.and SY cows

»

presented the same body reserve proportlon in 1977 the'DY

\vh~ L.
and sy cows were predlcted to be very 51m11ar A similar

[



.,pattern was reported by golduc et al (1978) fcr the samé;dl

two years u51ng ultrason1c measurement of backfat changes ju

over the trlal permod as. shown in Flgure 3 20. _ o 335“

To compare these predlctlons with Bolduc s results,.thehi
vhlstograms shan fn F1gure 3.21 were‘drawn. Desplte the
'51m11ar1t1es 1n relatlve proport1ons among groups, the
dlffereJce between the years d1d not d@ow the same

magnitude. Whlle-1976,gas”a better year in BoldUc's trial:

1977 was simulatedrto:be a tter year in this study. The

reason ‘for it,’ may rest w1th the rnltlallzat1on of
parameteérs in 1976 whlch were based on llterature estlmates. \

”The reason for the change whlch ‘was 51mulated for the SY . L

1

cows between the years can probably be expla1ned by the

decrease ‘in the relative. energy 1ntake of this gr0up rn“””/
N
_response to the llpostatlc mechanlsm wn Jply August (as

explalned 1n detall in the sectlon on dry matter 1ntake)

3.4.12 Grazingv, R

hSince;pasture.a@hilahility in.this model was used only
:as a d§namic aukillary-variable; ?t.did not have the‘usual
fiexibilitj.normaliy'found in simulatien érazing modeis.
InCrease in pasture biomass Was described as a gixed‘.@

b

exponent1al Brody type function with parameters obtalned

from analy51s of local data (Balley et ai 1978). The

i

51mulated pattern "of the biomass renoval from each acre of
ﬁ

pastu e,‘was pred1cted to have a sigmoid shape as shown in

F1gurei3.22. The residual biomass is represented by the‘area



between the production and fhe;consumption curves,‘ﬂs

- . i ’ " . ‘ b‘ '
discussed before.in the first year, SY cows were estimated
to-consume more'pasture-thad DY and both much more than the

"HE. .
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3.5 CONCLUSIONS

A model was developed toxhllow the simulation of beef
production under Alberta conditions. The model was validated
with exsiting observational data from The University Ranch
and found to fit qnite well. Therefore, use of the model in
the investigatidn of the behavior and the biological
efficiency of aifferent nanagement schemes, environment
conditions and breedlng groups w1th1n a given sat of
production resources is con51dered to be Just1f1ed If a
simulation model 1s_to lead to a greater understanding of
beef production, it is obviously necessary to understand why
one System is simulated to yield better results than
anothér. For the model presented in this study, it was very
convenient ‘to produce a con51derable amount of 1nformat10n
that is simulated for a g1ven prodnction system. The
avallab;llty of this 1nformation, coupled with an
understanding of how the model works, allnws an in;depth

study of why two simulated systems are different from each

other,
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4. EVALUATION OF ENVIRONMENTAL FACTORS INFLUENCING COW

REPRODUCTION AND PRODUCTION LEVEL IN ALBERTA

4.1 ABSTRACT

A deterministic computer simulation model was used co
study the effect of environmental factors on body weight and
composition, feed intake, digestibility, energy balance,
level of production and reproduction of range cows in
Alberta. a |

Four management options.(treetments) were evelnatéd: 1.
improved winter supplementary feéding of 25%'ctude fiber, 2.

controlled temperature of 20°C'year round, 3. constant
‘ X

N

feeding program of 28% crude fiber under confinement‘
conditions year round and 4. the same as 3 but with 26%
crude fiber. These were compared with a control:which was
simulated as the ectual situation at The University‘of
Alberta Researcn Rench at Kinsella.

| JNo differences among treatments were found in the
'simulated 180 day ca{?oweights, while calving interval was
predicted to be shorter than the control‘by 16 days in all
treatments, except for the third treatment whereAcows failed
to conceive.

The causes of changes in cow weight were investigated -

also. Temperatures were predicted to be important factors in
maintaining empty body weiéht during winter; whereas

‘supplementation was predicted to be a good substitute for

113
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controlléd temperature only if provided ét adequate leyels
of énergy. Crude fiber of herbage was predicted to influence
live weight‘mainly at the time of intensive herbage
lignification (September—Nongber), whereas fetal size was
predicted to have an influencé only in-the last three montﬁs
of pregnancy. |

| The effect. of thebtreatments on dry.matﬁer intake,
digestibility, eﬁergy balanée and reserve depot was
investigated also. Temberature was'predicted to be more
important in its effect on estimated dry matter intake than
on digestibility, whereas feed quality was predicted to have
greater influence on digestibility. Energy balance and
reserve depot were estimated to be influeﬁced by

temperatures and feeding quality to the same degree.

4.2 INTRODUCTION /
Reproductive and productive potentials of cattle are

influenced by environmental, digestive and metabolic factors

of which ehergy»content and concentration of the diet, and

the ambient temperature are probably the most important

(Chapter 3). A complete quantitative investigation of the

effect of these factors should thus involve a series of

experiments, in each, one of the factors would be set

constant, whereas the rest would vary as expected in a real

situation.,
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There is a lack of 1nformatxon to 1nd1cate where, in
the body of mature cows, we1ght change occurs (under
specific environmental cond1t10ns~such as those of The
University Ranch) or the relat10nsh1p of such changes with
production and reproduction of mature beef coes. Energy
requirements of beef cows as outlined hy the NRC (1976),
suggest that weight lost ane suhsequently regained from one-
calv1ng to the next will have the net effect of maintaining
body welght
| Most of the changes 1n~empty body weiéht are derived
from changes in energy balance' in the body. Energy balance
can be influenced either by chan;e in energy input or energy
output. An increase in intake or in energy concentration
increases energy input and improves energy halance and
reservehtissne gain. A large drop in ambien temperature on
the other hand, may lead to a deterloratlon in energy
balance and to a loss in reserve tissue weight. Changes in\f;\
reserve tlssue weight in mature beef cows are directly
connected to changes in empty body weight and consequently
iive weight and reproduction (Chapter 3; Wiltbank and Cook,
1958; Dunn et‘al 1969 9.

-Change in 11ve weight is not necessar1ly a result of

‘echange in empty body welght but can be derived jrom changes
d

in. gut fill and fetal size. Gut fill can vary widely

3
according to the animal welght maturlty and phy51ological
state, and the physical and chem1cal characteristics of the

diet (ARC, 1980), whereas fetal weight increases as
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pregnancy progresses (Chapter 3). .

Analysis of the interaction‘of factors which influence
cow weight and consequently reproduction, offers a challenge
for simulation modelling.

Hence the objectives of this stuydy were:

1. to determine the effect of energy intake, diet
composition and ambient température on the change in the
seasonal weight dynamics of beef cows, and

2. to inveétigate the relationships between environmental
conditions, and consumption, productjon and reproductioh

of cows.

4.3 MATERIALS AND METHODS

4.3.1 The Model

The Beef Cow Production Mddal (COW.82) and the
Fertility Routine (FER.82) (Chapter 3) were used to simulate
cow performance and reproduction. The model simulates |
growth, feed intake milk production and reproductlon as a
tfunctlon of genetlc potentlal of an average mature beef cow,
environmental condltlons, feed quality and feed
availability. Model equations represent a general
relationship among the variables and do not directly
cansider breed effect. |

Energy requirements are expressed in Mcal ME. The

nutritional environment is defined by crude fiber
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concentration in the available feed, whereas demand for
protein, vitamins and minerals is assumed to be met .

The model is programmed to complete at least two full
annual cycles. In the first, initial conditions are set on
the basis of literature estimates, so that only in the
second cycle are initial conditions set by the model.

Environmental conditions are set to those prevailing at

the University Ranch in the years 1976-77.

4.3,2 Manqgﬁment and Climate

Cows are bred mainly in July-August and cal§e‘in
April-May. the cows'arg on the range year round and depend
on natural grazing except for four months in the winter when
supplementary feed is provided. w¢aning occurs 180 days
after calving. The climate is cool subhumid, whereas winters
.are long and cold. Summers are short and warm, and rainfall

is low and variable (Berg, 1975).

4.3.3 Experimental Procedures

To investigate the reasons for the pattern of change in
live weight over the seasoﬁal cycle, four simulated
ménagement optioﬁs were carried out. |

In the first (Tr;atmént 1) the general input parametefs
were set thefsame as those in the general model (Chapter 3),
but the ME value of the supplementary feed was increased
-using é‘higher ratio of grain to straw in the wintering

diet. The wintering diet at The University Ranch includes

i
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about 30% gra1n and 70% straw (Berg, 1975).”A ration such as
this contalns about 30% crude flber and it is about 56%
digestible for cattlerunder standard conditions..Increase in
‘ grainfportions from 30 to 48%, would increase_energy
concentration in the diet, and oonsequently'digestibility byp
about 9%. Thus, a wintering supplementation diet of 25%
crude fiber was used to test winter feeding quality effect
on change ln weight pattern, production and reproduction of
range cows,

In the second (Treatment 2) the ambient temperatnre Jas
set at .20°C, and the 51mulated change in welght production
: and reproductlon were gnalyzed In the development of the:
thermal adjustment factors (Chapter\3), it was necessary to
assume that cows are least exposed to stressful conditions
in a thermal environment of 15 to 25°C. The mldp01nt 20°cC,
has therefore been adopted as a reference p01nt for the
varlous.adjustments— The assumption is that beef cows of
dlfferent ages ;nd phy51ologlcal status, would exhlblt
‘llttle or. no. .thermal .discomfort in temperatures of 20°C, so
thlS temperature would best reflect controlled changes in
’cond1t1ons and product1v1ty
| ~In the third and the fourth (Treatments 3 and 4),
.grazing was eflminated, andvcontrolled confinement
conditions were introduced, meaning a fairly homogenous diet
year round. Two levels of crude fiber were tested: 28 and 26

percent in treatments 3 and 4 respectively. L

i
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The common management practice at The University Ranch,
as/déscribed in chapter 3, was used.td represent the controlﬂ
groub with whicﬁ the tfeatments were compared.

The study as a.whole was designed to test whether the
various patterns of chaﬁge in weight, productioﬁ and
reproduction of bgéf cows could be accounted for by changes
in energy intake and ambient temperature. The Hereford group
was used as a representativé model for>the genegél cése of

range beef cows.

~

4.4 RESULTS AND DISCUSSION
NOTE: The results discussed in this section are those
predicted by the model. The detailed timing index for the

graphs is illustrated in Appendix-5.1.

'4.4.1 Calving and Weaning "

Simulated results of calving and j;aning are presenteé
in Table 4.1. Calf growth was not affected meaningfully at
Vany stage bf Treatment 1. Drenman and Bath (1976) and
Reardon et al. (1978) reported little or no effect of
brecalving nutrition of the dam on calf birth weight and
subsequent growth rate. Nicol (1979) reported a small
difference of about one kg iﬁ:weaning weight between the
cal;es of precalving conditioned cows and those of

non-conditioned cows. In this study the simulated control

cows weaned calves weighing 170.4 kg 51 180 days compared to
/



120

fuLAeD 1s5.i4. woay shep , -

JUBWU Y JUo

689 (v)

Y

- - 088 Z9L°0 97 1L LGE 0’6 066 | °C6 40 Y9
I Uswu ._,;:CU

00 00 00 09L 00 00 00 00 .mv. ‘40 %82

. . “8dnj} m.,.mo::mu U3 | Quy %

006 Z9L°0 9'1L1 I GE 0’66 O°'G6 26 6 8¢ (¢) s9vd4bog OC

; ‘ uolt jejuawa | ddns ut

0" 88 09L°'0 [>RN WA LGE 0'se 066 1+°¢C6 6786 (+) Elo QAT

) O°'6L 96L°0 v oLE LOE. 1’68 1°GB 8B TS Qe P ¥ els]

&
¢Om. +09 0t
% Aep /By By sAep Y o -
ayey 9°aQ Vv 1ySiam leAnsaiu]  o3ey uoiinglaistq judwiead]
Buiueam Butaie)

/

juawabeuew 4nNOJ JdpUN SMOD 338Q 40

.AmucmEummguv suolt jdo

S3{nsadg Bujueam pue Buiaed paieinwis } p aiqe]

i




121

171.3 kg of coﬁs under Treatment 1 (which correspohded to
the precalving,ccnditioning in the reference studies) p

The 1nterval from calving to conception was expected to
be significantly affected by the precalving conditioning
: Calv1ng interval of 351 days in the precalving conditiqned
cows (Treatment 1) compared to 367 days in the contrel'group
Qere simulated. This suggests that a difference of 16 days
in time_takenifrom‘calving to conception might be expected
between the control and the Treatments 1 and 2. Wiltbank, et
al. (1962) and Reardon et al. (1978) also reported shortei
intervals in precalving ccnditioned_cows.

Since calving distribution‘and rate'ia the fertility
~routine (FER.82) are di:ectly conaected to the interval |
taken frcm calving to conception-in the producfion model

(COW.BZ) calv1ng dlstributlon was changed in accordance

with the change in calving 1nterval

In Treatment 1 calving rate was predicted io increase
‘by 8.4% and weaning rate by 7.6% cchpared to the control.
Due to prolongation of calving interval, calves had more
time from calving to weaning in which to gain weight, so
that unad]usted weaning weight was predicted to increase by
about .2 kg. Keeping temperatures,constaﬁt year round
(Treatment 2), lead to similar predicted results to that of
precalving conditioning (Treatment‘1);

According to the management system practiced at The
University Ranch, the precalving period occurs duriag.winter

when temperatures are usually the lowest. Thus, the
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precalving conditioning mainly compéngatés for winter
stress; In cases where winter stress does not exist before
calving, precalving conditioning'may even cause cow obesity
(Arnett et al., 1971). |

The simulated calving interval obtained for Treatment 2
tended to be similar to that obtained for Tréatment 1 and
Treafment 4. The only limitation on calving interval in the
Treatments 1, 2 and 4 was the result of the timihg of onset
of the breeaing season which forgea the calving inferyal-foA
’stay at its minimgi value of 351 days. Treatment 3lwith,28%
crude fiber yeéf roﬁnd, forced simulated digestibility to
stay at 56%. Therefore, energy availability was predicfed to
be limited hainiy during precalving and post calving
periods, and cows in this treatment were not expected to

9

" conceive and produce a calf.
. v\/"

4.4.2 Analysié'of Change in Weight

The simulated weights for the threé treatments (25%
crudé>fiber in supplementary feed, constant temperature of
20°C year round and 28% dietary crude fiber with no pasture
provided year round) compared to the conﬁrol"(represented by
‘the usual management as was practiced at The University
Ranch), are graphically illustrated in Figure.4.1. It is
clear from this that the wéight of céws in Treatments 1 and
2’was predicted to be gquite similar. Treatment .1 hadka‘
slight initial advantage in weight due to some supplementary

feeding in the first week of April. This advantage was

)
X

S
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maintained unt}l November, and from this stage onward .
Treatment 2 had the advantage. Evidentiy this difference in.
weight could be attributed to,the.lack of energw in the
supplementary feed prov1de@ to Treatment 1 in"mid- w1nter.

The dlgference im the 51mulated weight between
Treatments 1 and 2 in 1977 (as. deplcted by the the second
annual cycle), for the perlod November to Aprll (calv1ng)
was predicted to be substantially greaterjthan that in the
previous year. This could: be attributed-todthe drtference in-
climatic conditions between the years 1976 and 1977.

Due to a better eneroy halance in the w1nter before
: calv1ng, cows' weights at ca1v1ng in both Treatments 1 and"24
were substantlally greater than that of the‘control The-
predicted body we1ght of cows 1n Treatment 3 showed a -
remarkable seasonal fluctuatlon reaching max1mum weigHt “at
the end of the winter 1mmed1ately before calv1ng, and -then
dropplng sharply towards June where they reached thelr';
hlowest level. However, because they falled to-conceive in =
gheir second year, they-did_not lose any weight towards d
their third cycle. The pattern'they;presented was:foUnd tot§
be‘fairiy typical of dairy cows fed a steady diet year round |
(Golaman et al., 1978). e ,

The change in‘body weight of the control group can be
considered as the expressiOn of the basic seasonal
fluctuatlon in weight of cows at The Unlver51ty Ranch. A
sharp drop in weight 1mmed1ately after calving due to calf

‘
expulsion and lactation stress, followed by a shatp increase

-
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in weight due to increase in pasture quality and moisture
content (which contributed to cows gain in welght via
reserve. tlssue and lquld concentratlon in the body) were

- simulated for the flrst period. This period extended from
mid April to September.. In August there was an increase in
crude fiber content of the pasture, thus ratevof passage of
digesta was reduced. Consequently, gu€ fill was increased,
and d sharp increase in. welght was predlcted From th1s
point onwards, the weight dropped moderately agaln due to
catabollsm of reserve tissue which resulted from a decrease
in Pasture intake capac1ty. In December, the cows reached

'their second‘lowest'weight point and due to an improvement .
in energy intake through supplementary feed, they maintained
a’ more-or-less regular 1ncrease in welght throughout the |
winter® The last part of this 1ncrease starting in January

could be attributed to the increase in fetalwwelght.

o
v

Figures 4.2 through 4.5 graphlcally illustrate the

LQifference in welght.between each treatment‘and/the control.
Generally, the area between the‘graphsvin each Figure

E represents_the.advantage or disadyantage ln simulated welght
that‘the treatment‘hadvover.the control. It is evident from
theSe results thathpart of. the gain or loss in weight over
the year had ‘to be derived from changes in gut fill via
change in percentage of crudé fiber in the diet, and fetal
size. The remaining.part had to be derived from the change’

in empty body weight. -
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The predicted change in empty body weight is presented
in Figure 4.6. As wes shown for iiveweight, both treatments
1 and 2 broduced similar changes in empty body weight until
the last_ninter when treatmenE'% had some advantage over 1.
But in comparision to the simulated live neight pattern
(Figure 4.15, the simulated empty body weight in both
treatments tended@ to show much less fluctuation.

To demonstrate where, in the body of mature cows,
weight changes occur, the relatlonshlp between live weight
and empty body weight were studied. (Flgures 4.7 through
4,10). The simulated live .weight, empty body weight and
potential weight‘(as calculated based on the model in ‘
Appendixnl) are presented in a‘way that gut fill along with
‘fetal‘weight are represented by the area between the live
“and empty body weigﬁt'cur?es.

It is well known that gut fill in grazing cows occuples
. a substantial portion of- g&e live welght (ARC, 1980). In the
control group estimates ranged;from 16.3% close to
parturition tov19.1% in September when it reached its
maximum value. To demonstrate the relative change in the
proportion of gut fill with the changes in live weiéht,
Figure 4.7 was drawn. It is eyident t;ét towards parturition
there was a tendency for estimated gut fill to decrease due
‘to an increase in fetalkvolume. Immediately after calving
there was an increase in simulated dry matter intake whicn
was accompanied by en increase in rate 55 passage of -

digesta, and as a consequence gut fill was not changed much.
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An increase in crude fiber of pasture a bit later reduced
rate of péssage} and that caused gut fill to incﬁéase
moderatély untiibAugust. In August, due to'accelerated
herbage lignification, there was a sharp increase in gqut
fill which was maintained throughout the begihning of the
winter until the'supplementation program was introduced
(Figures 4;7 and 4.8). As for the potential weight, it was
shown again that in a mature cow potential growth has theh
tendency to a;erage out the seasonalafluctyétion‘(Figure
1.8). " |

The‘same.analysis for Treatments 1 and 2 is shown in
Figure 4.9. It is evident that the prominent difference
between the treatments in the period December tbd April was
~derived mainly from differences in empty body weight. While
cows under Treatment 2_maintéinéd fairly stable empty body
weights during the whole period, cows under Treatment 1 lost
some empty body weight during the Ménter. Live weight of
cows in both treatments were above éhe expected potential
weight. This.suggests that cows from the same genotype under
diffeient'environméntal conditiéns do4not necessarily reach
the same'mapure weight. Similar resulté were represented by
Fredeen et al. (1981). |

The same analysis for treatments‘3 and- 4 is shown in
Figure 4.10. Since the two treatments were_differént only in
the Cbncentration of the crude fiber in the diet! the
general pattern dﬁ weight change was fairly similar, but

‘there was a difference in the height of the graphs
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representing weight change. While a diet of 26% CF -
(Treatment 4) maintained a stable empty body weight, a diet
of 28% CF (Treatment 3) was predicted to have fluctuating

EBW at calving time.

4.4.3 Dry Matter Intake

Simulated daily dry matter_ihtake for the three
.treatments covering a siﬁgle season, withbits periods ef
abundance and depression is shown in Figure 4.11. The
general shépe of the dry matter intake curve was fairly
similar to that presented for the control group invChapter
3. Immediately after calving, intake rose steadily, due to
an increase in lactation requirements. In the fourth month
of lactation, intake had reached its near maximum physical
capacity and predominated for the rest of the lactation
pe:iod. Due to a slight tempéfature‘advantage in Treatment 1
during this period, cows un@er this treatment were'eetihated
to consume’moretpasture than those under Treatment 2. Cows
under Treatment 3 reached their assumed physicél maximum
capacity predicted to be 27.7% gut fill fairly early in the
period (Figure 4.10). After weaning, the daily dry matter
consumptlon of the pregnant Ccows dropped dramatically, due
to a general decrease in energy requ1rements and pasture -
quality. While cows under Treatment 2 reached the lowest
level of intake.in this period, consUming only 5 kg/day,
cows under Treatment 1 reached a higher level consuming 5.5

kg/day and cows under Treatment 3 consumed the highest level
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differences in milk production were simulated for the
different greatments. As IPDYM varied from 10;5 to 20
kg/day, the predicted daily milk yield varied from 7.1 to
10.2 kg/day, daily milk reduction due to energy deficiency

from 0.108 to 0.085 and loss in daily milk production due to

. 5
\\\\\\Eift effect from 0.233 to 0.259 kg/day. The pattern of
siﬁ:IE?édfdaily milk yield of Treatment 1 and 2 and the

control group over a period of 2 years is shown in Figure-

—~

6.9. When comparing both Treatments 1 and 2 and the control,
it is evident thét as IPDYM inéreases, the peak point in

\ m{lk production is delayed. Plum and Harris (1971) maqaged
Holstein cows and calves under beef management Ebnditions
and repsrted similar results.

As IPDYM varied from 10.5.to 20 kg/day, predicted
errall milk reduction due to energy deficiency varied from
19.5 to 15.3 kg and p;edicted overall milk losé due to past
effect varied from 42.0 to 46.6 kg. The difﬁerences in milk
reduction can be attributed to the difference in energy
intake among the treatmenté. The higher the potential, the
greater the energy intake ability (ARC, 1980). Since the
additional milk yield does not always balance out tﬁe
additional energy consumed by the cows, milk loss due to
energy deficiency would be less probable in these cows.

The difference in loss due to past effect among the
‘groups was predicted to be opp051te to that of- the direct
‘milk reduction due to deficiency of enérgy. This can be

attributed to the fact that there was a difference in the
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relative time the reduction in milk due to energy deficiency
occured. While in large IPDYM groups, a major portion of the
milk reduction was predicted to occur in the initial time
immediately after calving, in low IPDYM groups a major
portion was predicted to occur at the very end of the
season, and therefore the overall loss due to past effect
was simulated to be smaller. |
As P varied from 0.0978 to 0.060, the predicted daily

milk yield varied from 7.1 to 8.0 kg/day, milk reduction due‘
to energy deficiency from 0.108 to 0.130 kg/day and loss of
milk due to past effect from 0.233 to’0.238 kg/day. |
Simulated dally milk yield in Treatments 3 and 4 and the
control group over -a perlod of 2 years is shown in Figure
.6.10. As illustrated, when P decreases the height of the
lactétiop curve 1s increases at a'proportional rate, so that
the‘general shape of the predicted lactation curve in all.
thrée groups was of a fairly similar pattern. In all three
treatments milk reduction dueiio energy deficiency was
predicted to occur in the terminal period before weaning,’so
that overall milk loss due ﬁo past effect was less
pronounced than that in Treatments 1 and 2.

| Simulated daily milk yield of Tréatment 5 in comparison
té the control over a period of 2 years is shown in Figure
6.11. Despite the improvement of 33iﬁinupredicted milk yield
of Treatment 5 over the control, the milk reduction df both
was fairly similar. This suggests that high potential cCows

theofetically have better ability to utilize the available
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feed than lower potential cows. The difference in milk loss
due to past effect could be attributed to the difference. in
the relative time of milk reduction due to energy deflcxency
as expla1ned in detail for Treatments 1 and 2.

6.4.5 Energy Balance

Energy balance in the cow reflects her ability to
gather energy sources to cover enefgy demand. Increase in
ehergy demand usually increases the. cows ability to consume
enefgy (Forbes, 1977). The question is whether or not this
increase in energy intake is capable of balancing thq
demand.

Simulated daily energy balancé of cows in Treatments 1
énd 2 and the control over two years is shown in Figure
6.12. When comparing-intake pattern with energy balance
pattern, it is evident that differences in daily intake
represent the main differences in energy balance._Additional
energy which was indubed by milk secr;tion in all cases was
predicted to improve energy balance, so that during
lactation time Treatment 2 was predicted to have an energy
advantage over that of 1, and the latter had an advantage
ovér the control. A fattening process which was predicted in
the high potential cows later iﬁ the season, forced them to
reduce in;ake, andrthat isiwhy energy balarice in Treatment 1
deterioféted towérds the end of the lactation. The low
- energy availability estimated in the period

September-December was responsible for a substantial drop in
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energy balance in that period.

Simulated daily energy balance of cows in Treatments 3
and 4 and the control over two years is shown in Figure
6.13. Results indicated only small differences among
treatments. However, differences in energy reduirements
which were not compénsated by additional energy intake,
caused the higher potential cows to have less favorable
energy balance.

Simulated daily energy balance in cows of Treatment 5 o
and the control over two years is shown in Figure 6.14. .
Analysis of the first lactation period (0 to 180 days)
reveals that whilezthe superiﬁt Ly in initial lactation of

LS g - * -
the treatment over the contgxq”

PAS large, this difference

was predicted to shrink towa?# ﬁEeaning time despite the

.differencés ;P intake (Figure 6.8). This could be explained
by the ﬁassiQe increase in energy demand dufing the last

part of the lactation, which éould not be compensated for by

the energy intake ‘of the treatment.

6.4.6 Body Reserve Depot

Simulated reserve depot as a fraction of empty body"

weight”in each treament and the control over 2 years is
shown in Figures 6.15, 6.16 and 6.17. The predicted increase
in body reserve tissue was found to be associated with the

. __advantage cows had in consuming: energy. This phenomenon was

e

= discussed in some detail in the preceeding section. .

U
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Substantial differences in sjze of reserve depot from
day 180ito 320 were attributed to the artificial lack of

energy imposed by the assumptioné\ofvthe model (as explained

before). The predicted stabilitf in the size of the reserve

- depot which took place in Treétments 1, 2.and 5 from day 250

to 400 may be duelto a compensatory effect (a decrease in

. catabolism of reserve tissue while reserves are depleted)

after the earlier loss in reserves due to pasture depletion.
| ‘Differenges in the general shape of the curve be:ween

the first and ihe second yeaf"(Figuré 6.16) were due to the

differences in the timing of the onset of pregnancy between

the years, as well as the upper limit of reserve imposed by

"~ the model which caused cows in Treptment 3-and the control

‘to limit their daily feed intake while reaching 20% reserve

’depot.
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6.5 kg/day:

Due to the deéign of the simulated experiment, the
effect of nutritive‘value and temperature on intake-can be
expressed by the area between the treatments as shown in
Figure 4.1 1 by the areas A, B, C and D. The d1fference
between treatments 2 and 3_1n the period April to December
are assumed to be att ibuted to the effect of feed quality.

v

(represented by the sha@@d area A in Figure 4.11),

"leferences between treatmentv1 and 2iare assumed to be
attributed to the effect of temperature (represented by . the
Area B in‘Fignre 4.11). In the period December to April, the
differenee between treatments 2 ané 3 is assumed to be
attributed to the effect of temperature  (the shaded area D),

fand the difference between treatments 1 and 3 is asSumed to

" be attrlbuted to effect, of feed quality (the area C). The

is not indicated in the graph). is assumed to be attributed
to the effect of’ the interaction of feed quality and
temperature.

Analyszs of the areas A and B in Flgure 4, reveals
that the assumed temperature effect in this period qu
relatlvely smally when compared with the effect of feed
quallty When analyzing the shaded area D in Figure 4. it
seems that the assumed temperature effect in this period is

much more important than feed quality effect due to an

assumed upper limit on feed intake.

difference between treatments 1 and 2 in this period (which

+
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4.4.4 Digestibility
Except>for the period December to April, simulated

» digestibility in treatments 1 and 2 were similar (Figure
4.12); Pasture digestibility (in both treatments 1 and 2)
ranged‘from about 63% in May-June to about 45% .in
Oétobqg—Deéember; In Treatment 3, digestibility waé
maintained on a stable level of about 57% year round. Due to -
some advantage in feed energy, the predicted digestibility
for cows under Treatment 1 was a bit higher than that for
Treatment 2 or 3 during the first week of April.

The same concepts which were introduced to:describe the
effect of feed quality and temperature on dryvmatter iﬁtake,
are applicable for digestibility. Evidently in the period
Aprii to'September, the effect of temperature on
digestibility was much less than the effect of temperature
on dry matter intake. In‘Decembe;, sﬁpplemental feed was
introduced, and tembératﬁre was dropping. The model predicts
that the increase in digestibility.in the beriod Décember to
April is‘due mainly to the increased feed quality (Figure

~4.12-C) than to the reduction in temperature (Figure

4,12-D) .

4.4.5 Energy Balance

Thé simu%ated daily energy balance in cows expfesSed in
Mcal ME per déy? for the three‘treatments is presented in
«Figure 4.13. A negative balance which derived from the

increase in energy demand was simulated immediately after
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calving. In mid May when energy consumption equalled energy
demand, équiiibrium prevailed and ehergyhexchange was
balanced. From this point onwards, increase in energy
in%éke,'accompanied by a decréase in‘énefgy demand, enabled
the cow to accumulate energy in reserves. In mid September
due to a decrease in pasture gquality, the balance was
changed (ng@tment 1 and 2) negatively, and cows had to
catabolize reserve to meet enefgy demand. In December due to
an increase in feed quality, energy was predicted to be
palaﬁced posifively again and éovs Qnabolized energy into
‘reserves. |

The same concepts which were introduced to describe the
effect of feed gquality and temperature on the two previous
items afe’also adaptable to energy balanceivih the périod-
April to September, the effect of temperature on energy -
balance) was felatively small when compared with the effect
of feed quality; But for the period October_tb December the
efféct ofgtemperature was lérger. As for the period December'
to April, all three treatments maintained a positive energy
balance,’but while the effect of temperature was greater inA
December thréugﬁ February, the effect of feed guality had
more influence in February-througﬁ April.‘
4.4;6 Reserve Depot

The simulated reserve depot\ofucows uhder the three
treatments as comparea to- the cohtrol are shown'in Figure

4.14.11mmediately after calving, cows tended to catabolize

#
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body reserve in order to obtain energy (Figure 4.13), and a 
decline'in‘body reserve was simuiated; When energy balance
~ was improved (mid May), cows started to put on fat, and
: ‘ L
reserve depot was increased markedly.

In Treatment 3 the 1ncrease in reserve depot was
_delayed and much slower due to lack of energy 1mmed1ately
after calving which extended for more than 100 days. In .
contfast to the control‘group,.where a‘sharp_drqp ih‘;eserve
vas simulated from September onwards, no drop in reeefyevﬁas
eimulated forbTreatments 1 and 2. This could be attributea

to the controlled conditions of these treatments.
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4.5 CONCLUSIONS ®

Energy concentration of the feed is predicted to be the
most influential factor in the initial period after.calving,
and’ its effect on simulated Iiye weight is mainly via the
“change 1in empty body weight.

Crude fiber in the feed is predicted to be the most
influential factor during herbage lignification at the end
of the grazing season, and its éffect on sihuiated live
wéight is predicted‘to‘bé ma{nly through the increase in gut
£i11. |

Energy concentration of thebfeed»is again predicted to
be the most influenqﬁikffactor'in the period after max imum
pasture lignificatioh. Its effect on simulated live weight-
is m;inly via the decrease in empty body weight.

Fetal weight is predicted to be a fairly important
factor in the last {phase of pregnancy ( starting three
monghs befére calving)( and its influence on simulatedhlive
weight is khrough the increase in uteral size.

'Energy provided to the cows adring a time_of stressful
'climatic‘conaﬁtions can compensate for energy lost through
heat production. In Alberta the. concentration of ME in
1 supplémentarf feed should be higher than that usually
practided at The University Ranch, in ordgr,to fully
compensate for climate. ) .
Increase in ‘feed enérgy“in‘the winter does not increase

simulated 180 day weaning weight, but rather increases the

time from calving to weéning bygshortening simulated open
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days interval.
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5. A SIMULATED EFFECT OF WINTERING ON PRODUCTIVITY AND
REPRODUCTION OF MATURE BEEF COWS OF DIFFERENT BIOLOGICAL

TYPE IN ALBERTA

5.1 ABSTRACT

A deterministic computer simulation‘model was used to
study the effect of a severe winter on body weight, feed
intake, digestibility, energy balance, level of production
and reproduction of range beef cows from thfe breeding
~groups (Hereford (HE), Beef Synthetic (SY) and Dairy
Synthetic (DY)) under The.Universify of Alberta Ranch
management. The effect of a severe winte} was compared with
that of a normal winter (as represented by 1976) . Only small
differences in weaning weight and calving intervai.were
predicted. This fitted corresponding data collected at The
University Ranch. Some differences were found among breeding
groups.‘The SY cows tended to lose more in simulated calf
broduction under ‘severe winter than_dié the other groups.
Since dry matter in the winter was restricted by management
constraints, no differences in dry hatter consumption were
simulated at any stage.

Although feed intake was .not chanééa, digestibility was
predicted to decrease due to a change in rate of passag; of
aigesta. Energy expenses for maintenance and heat production
were simulated also. HE cows were predicted to spend

proportionately more energy on maintenancefénd less on heat

150 : ; )
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production, whereas DY and SY were predicted to spend more
energy on heat production and proportionately less on
maintenance. Thus, differences in energy balance and body

reserve depot were varied accordingly.

5.2 INTRODUCTION

Wintering is the most critical and expensive time of
the year in a cow-calf operatign. Condition of cows in the
spring is affected by their condition in the fall, the
severity of the winter and management during the winter.
Their condition in the fall is affected mainly by the prior
grazing season (Berg, 1975).

The Alberta winter is fairly cold and often prolonged.

Provision of full environment protection is neither |
practical nor economical for beef cattle. It is generally
recognized that cattle with ample body energy reserves can
withstand the stress of winter better than cettle with low
reserves. It is also knoyp that large heavy animals require
a greater amount of energy;fqr‘maintenance than do small
~animals (Webster, 1978).
Thus, in order to study wintering management methods,
>con51derable research on the effect of cold weather on farm
livestock has been undertaken at The University of Alberta
Environmental Laboratory during recent years (Young, 1971).

Several studies on the influence of breed type on

wintering energy requirements have been carried out at The
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University of Alberta'Repch using Hereford, Beef Synthetic
‘and Dairy Synthetic cowel;(Berg et al® 1976; Bolduc et al.,
19785. An attempt was made in those studies to determine the
energetic price ofya cold winter with respect to change in
cow body weight and condition. Berg (1975) reported on the
number of cold winter days (<-18°C) and on cow reproduction
in the following year. In most of these studies severe
winters were compensated by supplementary feed, so that it
was difficult to evaluate the effect of severe winter'én
grazing cows under standard feeding conditions,

\ Due to the complex nature of the interaction of
remperatufe a;a body condition during the grazing season, it
is difficult eQ;anglyze these relationships with simple
aﬁalytical ﬁethods On the other hand, simulation models
comprlsed of a set of dynamic determ1nlst1c
dlfferentlal -integral equations have been found to be an
appropriate tool to use when such a problem is to be
appreachedn(Keener, 1979) o

Qit% chh a‘model, which wae described and validated in
Chapteégé; harsh winter conditions can be simulated and cow
Qeig?t5;‘cohsumption production and reproduction in
45uccé551ve years can be predicted.

Hence the objectlve of this study was to 1mpose a
greater degree of winter severlty than an average winter by,

means of a simulation'model, and to analyze the simulated

*”response of mature range beef cows of different biological

types.
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5.3 MATERIALS. AND METHODS
oy
5.3.1 The Model . . .

The Beef Cow Productidﬁ‘Modei_(COW.SZ) and the
Fertility Reutine (FER.82) (Chapter 3) were used to simulate
- cow perforhance and reproductiOn. The model s1mulates
'growth feed 1ntake, mllk productlon and reproductlon as a
fUﬂCthﬂ of genetic potential of an average mature beef cow,
env1ronmental condltlons, feed quality and feed
Aavailaﬁility Model eduations represent a. general- ; ,
{relatlonsh1p among the varlables and do not dlrectly :
;con51der breed effect. T

Energy requ1rements-are’expressed in Mcal ME. The
nutritional enrironment is deﬁin?d byLCrdde,fiber'
Concentration in the available‘feed whereas demand for
protein, vitamins and.minerals is assumed to be met.

The'mddel is programmed towkomplete at least two full
,annual cycles In the flrst initial condltlons are set on
Vthe basis of llterature estlmates, so that only in the
second cycle are‘lnrtlal cond1t1ons set by,the model.

Edvironmentaisconditions are‘set to those prevailing at
'.the'University'Ranéh‘;n tte years 1976#7?. ' |

."“

s ﬂ . - \
'5.3.2 Management and Climate
tiCows'are bred mainly ia Ju;y—Augpst'and;calve in,
April~May&%thefcewseare enethe rangeryear:rouhd:and dependp

‘on hatural*grazingfexceptvforsfour.mqmths in the winter when

\:“r .~
TN

g
‘v
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.supplementary feed is provided. Weaning occurs 180 days
after calving. The climate is cool subhumid, vhereas winters
are long‘and cold. Summers are short and warm, and rainfall

is low and variable (Berg, '1975). \

5.3.3 Experimental Procedures

“n this study the model was fed input parameters

identical to those used in Chapter 3, except for'mide?nte;_

. e o
where the temperatures were altered to be lower E%an.;gése”
of‘197§.as illustrated in Figure 5.1

’ . _ .

/.

5.4 RESULTS AND DISCUSSION

" NOTE: The results discussed in this section are those

predicted by the model. The detailed timing index for the

graphs is‘il;ustrated in Appendix-5.1. T
. T L e i B
A AR ‘: o E ‘ ; .

: : A
5.4.1 Calving and Weaning

Simulated results of\calving and weaning are presented

in Table 5.1. Calf growth was not affected 51gn1f1cantly at

8

any stage by the harsh winter preceedlng the calving season.

However, small dlfference§ of about‘1 kg were simulated for
the advantage of cows exposed to a hormai w@ntee compared -
Withethose exposed to a harsh winter, Harsh winters had mere
debilitating effects on SY cows fhan on HE or DY cows: 1.4,
1 0 and 0 7 kg dlfference in weaning welght between' the tﬁo

y&ars were 51mulated respectlvely.“ .

o . .
- Al

e
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Table 5.1 Simulated calving and weaning results of beef cows from three
breeding groups in normal and severe winter years.

‘$ﬁ~ . . ‘ Calving Wean ing
Breeding . Distribution Rate Interval weight A.D.G Rate
Group “ % % days Kg Kg/day %
30* 69‘ 90+
HE Normal 51.2 é1.8 85. 1 85.1 367 170.4 0.75%6 79.07
Severe 50.9 80.3 83.6 83.6 - 370 169. 4 Q:.751 75.2/
SY Normal 54.6 86.3 89.7 89.7 358 210.0 I'50‘961 83/4
e Severe 51.3 81.9 85.2 8%.2 362 208.6 0.968 76.4
‘'OY Normal 50.0 78.9 82.1 82.1‘. 370 226.3 1.027 76.3
. - .
Severe 49.8 78.7 82.0 82.0 3714 . 225.6 1.033 73.8

* days from first calving.
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Berg (1975) in an exteﬁsive report on the Kinsella °
project, repbrted days of temperatures below -18°C and-
weaning weights of calves in the following year. Regression
anglysis of the reported data revealed that the effect of
long periods of low tgm;eratures in the winter on the
weaning wéight of caives in following years was significant
in SY and not significant in DY and HE (Appendix-4 section 1
in the table) .

The interval from calving to conceptlon was affected
only sllghtly by the harsh winter. Calv1ng intervals of 370
362 and 371 days compared to 367, 358,and 370 days in HE, SY

fr'f spect1vely. Similar results

represented by non siéi;ficant correlation coefficients were
found when data fro//'erg (1975) was analyzed. (Appendix-4
/4 ) .

section 2 in the taé

o

le).

Slnce calvi g distribution and rate in the fertility

réutine (FER.B'), are directly connected to the interval
taken from célving to conception‘in the cow productipn modei
_(COW.BZ), the calving‘distribution was changed in accordance
with the change invcalving interval between the two winter
years. BeéfVSynthetic cows were predicted to be affected the
most by the harsh wénter, responding égghwéwyeduction of
4.5% in simulated calving rate, compared to Oi$\and 1.5% in
DY and'HE;;pespectively. In spite of the larger‘decréase,in ‘
calvigggratevof SY cows after the harsh winter, they‘still
$aﬁaged to maintain the highest calving rate among the

'grpups: 85.2 compared to 82.0 and 83.6% in DY and HE,
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'respectiveiy.

Due to the prolongation of the open-days inferval,
gubseqdénf calves had less time for grd@th from calving to
fall weaning, so that the pfédicted weaning weight was
decreased by: 2.2, 5.8 and 1.03 kg in HE, SY and DY,

respectively (a multiplication of the additional time taken

to Calving by the . marginal daily gain).

. s ov%r4a”period of two years separated by a harsh
Winter is shown in f%ggfes 5.2,.5.3 and 5.4. In all cases an
increase in energy demand without increase in .energy suppl% ,
caused a decrease in @ia—winter predié%éa weight.
Differences in predicted rate of cﬁaﬁge”of weight were

. e
larger in SY and HE than they were in DY cows.

5.4.3 Dry Matter Intak

Simulated tétal and’ average dailf dry matte:»intake of
the tﬁree breeding groupsAin<the two winter years are showh
in Table 5.2. No difference in dry matter\congﬁmptfoh'was
noticed among groups. This cOuldAbe attributed pouthe way in
whiéh_wintering was managed and defined by the model. During
the supplementar¥ program in the winter, the maximum amount.
"of dry matter allowed to the cows was~6.5’kg/day. Therefore;
the,winterAeffect'$njdry matte; consumptidn\wgs not allowed

to be expresed.

3
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Table 5.2 Simulated dry matter intake and hpergy balance of beef cows from three
breeding groups in normal and savere winter years. .
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Breeding Winter Dry Matter Energy
Group Conditions dntake in Feed Demand Balance

kg kg/d Mcal Mcal/d Mcal Mcal/d Mcal Mcal/d

HE Normal 2439.1 6.77 5257.6 14.4 5257.4 14.4 . 0.2 0.00
Severe 2435.9 6.77 52402 14.3 54756, 150 _-235.4 -0.64
Sy Norma ) 2649.8 7,42 5708.1 15.6 R "w;&‘ildd" 0.12 -

Severe 2646.8 7.41 5690.6 15.6  SadWSh g ? 1909 -0.52

oy Normal . 2621.8 7.37 5648.5° 15.5 .4 -0.18

« Severe . 2623.1° 15. 4 .3 -0.75

g o

&5,

wy
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5.4.4 Digestibility

As defined in the model, decréased temperatures caused
a decrease in digestibilityvby provoking increased rate of
passage of digesﬁé (Christopherson, 1976). In addition to
its effect on digestibility,;thé.harsh winter was predicted
to have some influence on energy density of the c&nsumed
feed. From the data on the c@hceﬁﬁration of energy in the
dry matter (Table 5.2), it was predicted that the averége ME
value of the feed‘ih a normal winter is a‘bit higher than’
that in the harsh winter (2.154 compargd to 2;150_Mcal/kg
DM, respectiveiy). ‘ 5
Y - » : «
" 5.4.5 Energy Balance 3 f

Total and daily,averagegenergy requirements, energy
intake and-eneﬁ§ywbalance weée simulated fof theiiéiée
bree@Yng gtoups.in aormél éné harsh winter yeéré {Table
5.2). Energy demand in a harsh‘winter year wés greater than
that in‘a normal wiﬁter yearﬁby: 4.1, 3.3‘and 3.5% f?g HE,
SY and DY cows, respe;tivelf; | W

Since the energy in thesfeed was kept at the same level
for both years, predicted'eﬁergy“balance in the harsh winter
year was relatively léss favorable. While the average |

concentration of the feed consumed by the cows in both years

was'2.15 Mcal/kg DM, the average concentration of feed
{j

~reqhired was: 2.25, 2.22 and 2.25 in harsh winters compared

to 2.15, 2.14 and 2.18 in the hqrmal winter yeat*ip HE, SY

.

and DY cows, respectivély.
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In the normal winter year, HE cows succeeded in totally
balancing their energy budget, but in a harsh winter they
had a simulated deficit of 235.4 Mcal. SY and DY cows lost
235 and 207.% Mcal more in a harsh yingér‘yéar than iﬁ a
normal year (Table 5.2). This.loss in energy can be
considered as thé main reason for loss in body weight during
the winter (Young, 1951).

It is evident from the structure of the model, that an
Jlﬁtrease in energy requirements in the winter is attributed
‘malnly to the increase in malntenance requ1rements (Young,
1971). Thus, it was cosidered important to analyze the
effect of cold winter teﬁperétures on maintenance and heat
production Qf the cows. Sincé in a préliminary run of qhe
4mbdel, differences in the energy pattern among groupé,were
found to be fairly small, it was decided td use oniy the
Hereford cows to graphically illustrate the difference
between normal and harsh win: 'ears.

The éimulated daily energ “emand for maintenance in
normal and ﬁarsh ;inter years is shown in Figure 5.5. The
shaded area represents the total increase in ehergy for
maintenance in a harsh winter. While in HE cows maintenance
was:increased by 129.3 Mcal, in SY and DY it was increased
only by 101.8 and 96.8 Mcal, respectively. These differences
between the groups can be attributed to the effect of cCOw
condition (COND) and weight as defined by the model. Since
HE cows were usually in better condition in the wintér, a

drop in temperature to a very lqw level forced them to lose
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relatively more reserve than that in less conditioned cows.

Thus, the change in COND as defined by the model was greater

in HE than that in SY and DY cows. The model does not
consider the internal insulation value of the extra fat.
Young (1971) measured change in weight and fat cover in
thin and'fat cows over a cold winter and found the
maintenance requirements to behave in a fairly similar way

to that predicted by the model. While HE cows required

proportiqnal;x%more energy for maintenance during cold

"s'weather, they still required less than the other groups due

to their smaller body size, as suggested by Webster (1978).
The‘cgfwent simulated energy demand for heat production
at temperatures below the lower critical temperature is
shown in FigUre 5.6.'At air temperatures below the lower
critical temperature, heat loss to the environment excee?s
that Whlch would be produced as an inevitable consequence of

metabollsm. In order to maintain homeothermy, heat loss must

be matched by an increase in food energy or mobilization of

tissue reserves. The thermal demand is measured by the
increase in metabolic rate that it invokes.

The difference in heat production due to increases in
metabolic rate is indiceted by the shaded area in Figure |
5.6.vGenerally, energy for heat production was generated
only during the period from November to Februafy.,Tﬁo peaks
were observed-one in the’end of November and the second in
the middle of February. In a-norﬁal-year édch as 1976, both

peaks were relatively low, about 1,7 ‘Mcal/day, whereas ‘in
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1977, which was a bit colder (Figure 5.1), the first peak

" reached 2.4 Mcal/day, whereas the second repeated those

which prevailed in 1976. In a harsh winter such as in the
simulated one,;peaks were predicted to reach substantially
larger values (Figure 5.6). Since heat production under the
sgﬁ% critical temperature and feed intake is a function of
body surface (Chapter 3), it is clgaf that heat production
would be greater in S¥ cows than DY and HE as shown in Table
5.2

"The simulated energy balance in the two winter years is
shown in Figure 5.7. The shaded area in the figure
represents the tétal%difference in energy balance
correéponding to the samé values presented in Table 5.2.
Robertshaw (1981) discussed the effect of environment on
energy balance,>ahd noted that change in energy balanée in
cows can be attributed to reduction in gross energy-intaké,
reduction in digestibility (Kennedy et al., 1977) and
elevation of maintenance requirements, which would reduce
the proportion of gross energy intake available for

productive purposes.

5.4.6 Reserve Depot

The simulated reserve depot of beef cows‘i; the two
winter years is shown in Figure 5.8. The general shape of
the reserve depot curve in the harsh winter was the same as
that in the normal winter year (Chapter 3),léxcept‘for the

period from November to March where the decrease in reserve

~
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depot was greater in cows exposed to a cold winter.

It was demonstrated by Graham et al. (1959), thaz fat
is the primary tissue substrate used during cold exposure.
However, in their study they showed that degrees of fat
utilization depend on the level of feeding, and that at '
higher levels of feed intake, the amount of fat that is
oxidized is much Jess. It is evident that due to their total |
demand for energy in a harsh winter year over a normal year,gﬁ
HE and SY cows demanded proportionally more and therefore
lost more reserve tissd@v whereas DY cows‘démanded

proportionally less and lost less. Yoﬁng (1971) reported

changes in fat cover in a group of f: and thin cows over

~winter and found fairly similar results. '
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J

5.5 CONCLUSIONS v/

/

. Under the management prectlces preva111ng at -The
}

University Ranch, the mode} predicts that the 51mu1ated
effect of seveze.w1nters on change 1n.welght of beef cows is
only a temporary one, and cows were predlcted to- recover
from mid-winter weight loss durlng the follow1ng grazlng
season. |

Some reductlon in predicted empty body We1ght is
derived from a change in reserve tissue which recovers more
slowly. Therefore, fert111ty can be damaged 'if cows are not
combensated in the:winter for catabolism of resefve;tissue.
Fertility is predicted to be affected by cold vintensbto a
.greater degree than igs weaningbweight;
ﬂ Beef synthetic covs under cold winter conditions dte
predicted to lose in fertility and veaning per formance more"
than the other two groups, due to large loss of reserve.
Nevertheless, they manage to maintain a better degree of
fertlllty than the other groups. “

Even xhougi dry matter consumption is.not changed over
gthe winter’due to management'constreints, predicted .
'digestibiiity tends'to decrease due to increases-in -the rate
of passage.

.Simuiated,maintenance and heat production reguirements
are likely to increase under severe winters.. The increase’@n
vmaintenance‘is not~alvays connected directly to the ;hange
in temperature, but depends fairly stronglv on size and

condition. Small cows as Hereford are predicted to spend
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relatively more energy on maintenance and less on .heat
s

productlon, whereas SY and DY are predicted to spend less on

-4

maintenance and more on. heat producx'on.

Energy balance in cows on le’

‘;:and heat

marginal the energy

influenced-by the increase mﬁ nm
production expendlayres. Tgns w"‘:he‘mor
'balance durlng normal winters, the more severe will be the
deficit during a harsh one. Slnce fat tends to be
catabolized undervenergy deficiency;_increases_in energy
exbenditures will cause p depletion of this tissue.
Hereford, and SY cows are predicted to lese more reserve -

tissue during severe winters than are DY cows.
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6. ANALYSIS OF THE SIMULATED INCORPORATION OF DAIRY‘CATTLE

TYPE INTO BEEF SYNTHETIC BREEDS UNDER ALBERTA CONDITIONS

6.1 ABSTRACT '

A detefministic computer simulation model was usea to
study the effect of change in milk potential through change
in initial milk yield (IPDYM) and persistency (P) on body
weight, feed intake, milk production, energy balance and
level oprroduction and reproduction of range cows.

Six tfeatments combining different levels of IPDYM with
constant levels of P and differgnt'lévels of P, with |
constant levels of IPDYM and a combination between the two
were compared with a control, which wés:represented by the
Dairy Synthetic cows at The University of Alberta Ranch.

Slgnlflcant dlfferences were found in the 51mulat10n of
180 day calf welghqg An increase of 9.5 kg in IPDYM
increased predlcted‘;ﬁo day weanlng weights by 22.1 kg,
whereas an increase in P by 56%, increased predicted 180 day
weaning weight by 6.9 kg)

Lines with greatef IPDYM‘were.prediEted to have somé
advantage in dry matter intake. Thus, they consumed more
energy and recovered from calving faster than did lines with
low IPDYM. Consequently, high IPDYM lines had some fertility
advantage over the other lines.

Predicted milk produgtion and ca%ving performance were

improved to a greater extent by increasing IPDYM than by

176 W
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improving P. Increasing IPDYM also\lgad to the predicted
peak 'point in the lactation curvé being moved further from
the begining of the lactation. Total pfedicted ﬁilk losé
(due to enviromental conditions preventing potential maximum
milk production being realized) incréased,as the IPDYM or P
were increased. Taking all these results into consideration,

it was concluded that selection for inerease in IPDYM is

predicted to be preferable over selection for' improvement in

/

P.

who
6.2 INTRODUCTION

Interest in the use of dairy breeds in crossbreeding

with beef breeds has increased in recent years, It has been

1

~"shown that the amount of milk produced by the dam is very

n

important for the groch of its calf in its initial stage of
life (Deutscher and Whiteman, 1971; Spelbring et al. 1977;
Butson 1981; Arthur, 1982 ). Neverthelesé, only few workers
have investigated laétation curves in beef cows, while
lactatidn'éurves in dairy cows have beén studied extensively
(Gains, 1927; Woods, 1961).

As discussed by Gleddie (1965) and Melton et al. (1967)

it is obvious that there are differences in initial milk

vield and presistency among beef and dairy breeds. Gains
(1927) in an .extensive study on the persistency of lactation
in dairy cows reported'a persistency of 0.37 to 0.57 percent

in Guernsey and Holstein-Friesian cows with intial milk
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yield of about 20 kg/day. Sanders (1977) in a simulation
model used a persistency of 0.8% and considered it to be a
general value for beef cows, Ip the present study where data
from Butson (f981) were analyzed, initial milk yield was
found to be between 9.26 and 10.47 kg/day, while persistency
was found té }ange from 0.8 to 1.3'percé6t for the described
breeding groups (Appendix-2). ’

Selection criteria in dairy breeding programs have
emphaéized total milk volume and persistency (Gains 13827).
It is clear that increases in milk volume can be obtained by
either an increase in initial milk yield or improvement in
persistency. For dairy cows with relatively high initial
daily milk yield fed to their yield and yielding to their
potential, pers{stency was found to be a better criterion
for. selection. For range beef cows with relatively'lo@
;nitial daily miik yield, fed to their paéture availability,
and yielding to their calf tapacity, it is not clear what
selection criterida would be best suited.

Ever since dairy breeds were introduced into the beef

.

~

crosses at The University Research Ranch in 1968, there has
been an increase in initial milk yield and an improvemeht in
persistency (Gleddie, 1965; Butson, 1981). Practicglly, it
is quite cémplicated to evaluate these parameters in a
breeding program. Simulation mpdelling on the other hand has
been found to be a useful apprOach;

Using the simulation modél (Chapter 3) to evaluate

environmental effect on lactation potential and cow
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productivity via change in IPDYM or P, can help in the

evaluation of those selection criteria.

Hence the objectives of this study were:

1. to Use a simulation model to analyze a system in which
the genetic potential of the lactation is increased,
Jither by change in initial milk yield or_persistencyh
and to stud} cow simulated productipn under
environmental conditions typical of Alberfa,

2. to investigate the effect of milk potential on the shape
of the simuléted lactatioﬁ cﬁrve, and

3. to investigate what lactation selection criteria for

beef cows are‘sbited'to Alberta condtions.

6.3 MATERIALS AND METHOD‘S
'a
6.3.1 The Model _

The Beef Cow Production Model (COW.82) and the
Fertility Routine'(FER.BZ) (Chapter 3) were used to simulate
cow performance and»reproduction. The model simulates
growth, feed iFtake, milk produc;ion and reproduction as a
function of genetic potential of an average mature beef cow,
"environmental conditions, feed qQuality and feed
availability. Model equations represeﬁt a general-
relationship amoné the variables and do not directly

consider breed effect.
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. Energy réquiréﬁehgs are expressed in‘Mcai ME. The
nutritional environment is defined by crude fiber
# concentration iﬁ the available feed, whereas gemand for
prbteink vit$min$ and minerals is assumed to bé met.

‘The model is programmed to éomplete at least two full
annual cycles. In the first, iﬁitigl conditions are set on
‘the basis_of literatpre’eétimates, so that only in the

. second cycle'are initial conditions éet by‘the model.

.EﬁQironmental condifioné are set to those prevailing at

the University Ranch in the years 1976-77.

',6.3.ébMana§emeﬁt and Climate';

Cows are bred mainly in Jﬁly—August and calve in
‘April*May. the cows are on the rahge year‘round and depend
oq'pélﬁral ggazing except for four.monfhs in the wintgr wﬂ;n
sﬁéble@éntary fégd is pqoviaed. Weaning occurs 180 days
after calving. The climate is cool subhumid, whereag winters
‘ére long and cold. Sﬁmmers are short and Qaém,,and rainfall

is low and variable_(Berg, 1975),

 '6.3.3 Ekperimental_?rocedures

The general input conditions were the same as those in
. - e . : )
.Chaptef 3, except for the parameters which define milk

potentia1. The combination of initial milk yields and

persistency as was simulated in the different experiments is

presented in Table 6.1.

"
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Table 6.1 The experimental design o : .
Treatment ‘ 'IPDYM T P
Number . -kg
. Control . o 10.5 - .0.0938
0. 12.0 0 ,0.0938
[ 15.0 0.0938
2 " 2000 0.0938
3 ~10.5 0.0800
4 10.5 | 0.0600-
5 ) 15.0 o / 0.0700
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6.4 RESULTS AND DISCUSSIgz

'NOTE: The results discussed‘in this section are those
predicted by the model. The detailed‘timing index for the
graphs 1is illustrated in Appendix-5.1. |
6.4{1 Calving and weaning

Simulated results of calving and weanﬁng are presented

in Table 6.2.' As expected calf growth was affected
significantly‘at all stages by thé change in milk potential.
As the fPDYM varied from 10.5 in the control to 20.0 kg in
Treatment 2, weaning weight of calves was predicted to vary
from 227.3 to 249.4 kg, and average daily gain from 1.033 to
1.155 kg/day. It is well known tﬁat calves from dams with
dairy breeding, tend to exhibit higher“weéning weights than
those in other beef crosses (Brown et al., 1972; Wyatt et
al.{ 1977; "Butson, 1981). A ,
N | The eStimated interval from calving to cohception was
also affected significantly by the changes in IPDYM. A 19°
day decrease in calbiné interval was simulated when’IPDYM |
was varied from 10.5 to 20 kg/day. These results contradict
results reported by Deutscher and Whiteman (1971) and Bair
et al. (1972), who reported some problems in reproduction in
high‘péoducing cows. This sugge;té that thelhigh pqtential
cows with small délves d6 not realize ﬁheir full potential.
thus,‘calf milk consumption remains low and part of the
produced milk is 'reabsorbed by the cow. Invthoselstudies

where- problems ih~reproduc§ion were observed milk production



Table 6.2 Simulated calving and weaning resuits of beef cows with d!fferen}
levels of milk potential (as dafined by the initial milk yield
and the persistency of lactation).
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Item Calv‘nb Weaning
Distribution ! Rate Interval weight A.D.G Rate
] _ .
IPDYM P % . % days Kg o <9/0ay %
. kg 30* 60* 90*

10.5 0.0983 50.0 78.9 82.1 82. 370 227.3 1.033 76.3

12.0. 0.0983 50.8 80. 83.5 83. 367 235.3 1.108 77.7

g;, 15.0 0.0983 56.5 89.1 92.7° '92. 355 244.9 1.130. 86.2
r’ . ! N

éj 20.0 0.0983 58.9 92, 95.0 95.0 351 249.4 1.155 90.0

10.5 0.0800 49.5 78, 81.3 81. 375 230.1 1.050 75.6

10.5  0.0600 49.4 . 78. ;}.1 - 81. 382 234.2 1.072 75.4

15.0 = 0.0700 56.5 89. 92.7 92. 355 247.6 1. 147 86.2

AN

* days from first calving.
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-

was mdasured as milk consumption of the calf. However, in
-the Kinsella project no substantial differences ih_
reproduction were found between HE with\low milk potential,
and DY with high milk potentiai'(Berg,j1978- Butson, 1981).

The predicted change of weanlng weight and of calv1ng

Lt

interval as :IPDYM 1ncreasgg; took place at a diminishing
cr L : >

rate as shown in Figure 6.1. That means. an exponential
- increase or decrease with increase in IPDYM,

Since calving distribution and rate in the fertility

-

routine EER:825 are directly cbnnectéd to the interval takehv
from'calving to conception in the\cowhgroauction model
(Cow.82), the calving‘distributions'weréﬂsimalated in
accordance wlth the dlfferent rates among the IPDYMs, As
IPDYM varied from 10.5 to 20 kg/day, the calv1ng rate varied

from 82.1 to 95.0 percent (the maxlmum\calv1ng rate imposed

.

by the model). Due to the decrease in the\Gpen—days

\\

interval, calves had more time for growth in the perlod from

calv1ng to weanlng, S0 that the predicted unad]usted wean1ng

weight was increased by: 3.3; 16,9 and 21.9 kg in cows with
IPDYM of: 12.0, 15.0 and 20 kg/day, respectively, as
compared to the 10.5 kg/day control.

¢ As the P varied from 0.0938 in the ccntrol to 0.060 in
treatment 4, predicted weaning weight of calges varied from
227.3 to 234.2 kg, and average daily gain.from 1.033 to
1,072 kg. The interval™from calying to conception was also
affected by the'change in P, a 12 day increase in‘calvihg
interyval was‘éimulated when P was varied from 0.09381to

.
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0.0600 (Figure 6.2). ‘

Increase in either IPDYM or P legd to an increasg‘in
milk potential. Butbwhile in the fdfmer calving interval was
shortened, in the létter calving interval was lengthened
(Figures 6.1 and 2). The reason for these differences in
‘calving interva%,cén be attributed to thg‘differeqt pattern
of resérve depot simuiated for the Tfe§tmehts'1, 2 and 4.
(Figures 6.15 and 16). |

Relatively low caif milk capacity in cows with high
IPDYM, enabled them to put on reserve tissue much faster‘
thanﬂthat of low IPDYM cows. It was predictea that*cows with i
a better P lost more reserves in.prior lactatisn, so that
the process of reserves recovenyWas delayed. Since the
predicted time taken f}om calving to conception depends on
‘the recovery of reserve tissh; after parturition, rate of
recovering d&id affect the célving interval (Chapter 3).

In treatment 5, where both IPDYM and P were changed by
1 42 and 34%, respectively, predicted weaning weight was
increased by 8.9% and predicted calving interyal was
shortened by 4.2%. This enabled calves to gain 17.2 kg more

than the control by.weaning. y

6.4.2 Analysis of Change in Weight

The simulated weights of the contrél and the five
treatments over a period of two yéars is shown in Figures
6.3}“6.4 and 6.5. In the first year, predicted differences

in cow weight between the Treatments 1 and 2 and the control
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were to the advantege of the treatments in the initial
period after calving, but to tneir isadvantage in the later
period'which iast‘d°from September tb' the. next calving in
April But by the end of the first year, differences ‘among
the groups‘were predicted for calv1ng\1nterva1 and for loss.
'1n reserve tissue. Consequently, the we1ght pattern othhe
treated cows was predicted to Le closer to that of the
conttdi‘in the secend'yeer (%igure‘6.3 and 4). As IPDYM
incfeaied frof Treatment 1 to Treatment 2, the advantage ot
disadventage in cow weight in different periods increased
too. In cher worqe increase in IPDYM lead to a greater
predicted fluctuation in cow weight.
~In the first Yeaf differences in cow‘weight'between
Treatments 3 and 4 and the control group, were to the
‘advantage of the control at all stages, but _as P 1mproved
the weight advantage of the control decreased (Flgure 6.4).
"In the. second year, the d1fferences between Treatments 3 and
4 and the control were substantlally reduced. This can be
attributed to e.differenCe in dry matter intake_controlled
1by the lipostatic mechanism. As for cow weight in Treatment
5, the reletionships with the control were the same as those

for Treatments 1 and 2.

6.4.3 Dry Matter Intake
- The simulated total and average daily intake of the
control and the 5 treatments over a 51ngle season are glven

in Table 6.3. Meanlngful differences 1n dry matter 1ntake
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Table 6.3 Simulated dry matter intake of beef cows (over three periods of 40, 100
and 100 days respectively) with different levels of milk potentia)
(as defined by inttial milk yield and persistency of ‘lactation).
Item " Period ' - Total
' 1 2 3
léovh\ p Kg Kg/d Ko Kg/d Kg  Kg/d Kg “Kg/d
7 .. . - §
iO.S 0.0983 302.5 7.56 - 122%.8 9.27 1885 . 1 6.55 - 2698.1 7.39
12.0  ©0.0983 311.8  7.79 1275.0 9.63 1940.0 .65 2711?9‘ 7.42
15.0 0.0983 329.4 8.23 .1311.4 s 9.82 1950.1 6.38 2638.8 7.38
20.Q 0.0983 355.6 8.84 1338 . 1 9.84 ‘1936.9 5.99 2596.2 7.1
10.5 0.0800 300.9 7.52 1255.3 9.54 1915.3 6.60 2759.2 7.55
10;5 0.0600 299.7 7.49 1256 .7 9.57 1920.4 6.63 2804.5 7.68
15.0.. 0.0709 ' 329.5 8.23 1324.9 99.95 1936.9 6‘12 2625.5 7.19
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resulted from the simulation of different treatments and
time periods within treatment. Periods were comprised of
three inter&alé: 0-40, 41-140 and 141-240 days post-calving.

As IPDYM varied from 10.5 to 20 kg/day, predicted dry
matter intake (intake) varied from 7.56 to 8.84, 9.27 to
9.84 and 6.55 to 5.99 kg/day in the first, second and third
period, respectively. For the season as a whole predicted
daily intake varied from 7.39 to 7.11 kg/day, and the
maximum intake was predicted when IPDYM was somewhere around
12.0 kg/day. Jones et al. (1965) in a study of the feeF
intake of grazing cows during lactation, reported similar
variation in intake for high yield, low yield and dry déiry
cows yiel@ing 15.5, 13.2 and 0 kg/day and consuming 11,2,
TQ.6 and 8 kg/day, respectively. |

The pattern of the simulated change of average daily
intake in period.3 was very different from those in periods
1 and 2. This can be attributed mainly to £he fact that Ehe
~same stocking rate (0.8 animals per acre) was always
maintained Qithin a treatment, sb that a greater consumption
by the high bdtential cows 1in én earlier period, left-less .
residual pasture in later periods, and therefore
availability was considerably reduced.

'Since fhe study was done in order to evaluate and
define the effect of change in.milk potential on change in
production under identical conditions énd assumptions, it
was important not-to changé'stocking rate and to let the

cows consume the available pasture for the whole period. Due
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to differences in the dynamics of the pasture removal among
the treatments, the predicted tofal seasonal pasture
consumed by the higher potential groups was smaller than
5o

that of the lower potential groups (Table 6.3). As
mentioned, this was because the high poténtial cows depleted
the pasture early on, thereby leaving very little for later
stages.

| The pattern of the simulated aaily intake of Treatments
1 and -2 and of the control group over a period of 2 years is
shown in Figure 6.6. In periods 1 and 2 daily intake was
greater in Treatment 2 than in 1 and greater in 1 than in
the control. But due to the lipostatic effect in Treatment
2, daily intake was reduced towards“the secohd period, and
this reduction in daily intake caused the average
accumulatea daily intake of Treatment 2 to reach the same
level as that of cows with a lower potential as in Treatment
1. As for the third period, fairly low pasture availability
~forced daily consumption to decrease over time, and
consequently the éccumulated and the overall average daily
intake were reduced (Table 6.3).

The advantage in daily intake that Treatment 2 had over

both treatment 1 and the control in' the initial period was
E attributed to the fact fhat because of their superior
| iactation ébility, it was assumed in the model (ARC, i980)
that these COwWS Qad the aptitude to consume more dry matter
than cows with inferior lactation ability. This rate of

increase in intake and therefore of energy intake was found
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to be greater‘than that of energy requirements for the
additional mi}k produced by these cows. Thus, these cows
were predicted to put on fat, so that in termjnal stages
they lost appetite and reduced‘consumption.

As P varied from 0.0938 to 0.0600, bredicted average
intake varied from #.56 to 7.49, 9.27 to 9.57 and 6.55 to
6.63 kg/day in the first, second and third period, ’
respectively. For the season as a whole, predicted average
intake varied from 7.39 to 7.68 kg/day. Average daily intake
in period 1 was predicted to decrease, whereas in periods 2
and 3 it was pgedicted to increase. Thus, the overall daily
intake followed ihe same pattern as in‘periods 2 and 3
(Table 6.3). : ; ‘

The simulated daily intake of Treatment 3 and 4\and the
control group over a period of 2 years is shown in Figure
-6.7. As illustrated the simulated pattern daily intake was
not,i;fernced by change in P and all three groups consumed
similar amounts of dry matter. The results for Trea;ment 5
are illustrated in Figure 6.8. The cﬁange of intake in this
' treaément was found to follow'the same pattern as in

Treatment 1. \

6-.4.4 Milk Production ‘
Simulated tdtal ana average daily milk production and:

milk losses ( loss due to energy deficit + loss due to past .

effect (RDYM+DEF)) in the control and the five treatments

over a single season are given in Table 6.4. Substantial



Table 6.4 Simulated milk yiald and milk loss of beef cows
with different levels of milk potential as def ined by
inttial milk yield and persistency of lactation.

I tem DYM ROYM DEF
IPDYM P Ko Xg/d Kg Kg/d Kg Kg/d
10.5° . 0938 1294 1 7.1 19.5 0.108 420 0.232
12.0 0398 1432 .8 7.9 221 0. 122 44 .6 0.248
15.0 0. 09" 1635 9 .. 19.95 0.108 45.3 Q 252
20.0 0.0938 1830 .4 10.2 15.3 0.085 46 .6 0.259
10.5 0. 0800 1351.5% 7.5 23.2 0. 129 42.0 0.253
10 5 0.0600 1438 .7 8.0 23.5 0.130 43j0' '0.238
15.0 0O 0700 1723.0 9.6 t9.5 0. 108 46 .9 0.260

191
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6.5 CONCLUSIONS

Milk production of beef cows under range conditions in
Alberta can be genetically improved by increasing initial
milk potent1a1 or by improving persistency. Manipulating
initial milk potential is predicted to be a more effectxve
method of increasing milk production than manipulating
persistency.

Improvement in initial milk potential was predicted to
increase weaning weight and to decrease calving interval,
whereas imbrovement in persistency was predicted to increase
both weahing‘weight and calving interval. Thus, if selection
Systems emphasize regular reproduction (as does the Kinsella
project), it is likely that cows from a population of the
same milk yield will be selected for higher initial milk
potential.

If lactation curves of beef cows can be described by'a
period of rise in milk yield up to a certain peak, and then
éh exponential decay, the peak point would appear further
from calving as the initial milk potential increases. Thus,
for beef cows with low IPDYM the lactation curve would be
characterized by a long decaying curve almost without
distinct peaks.

»

Based on the functions selected for the model from
di{ferent studies, simulated dry matter intake is likely to
increase with an inérease in milk production. For cows with
large initial milk potential the amount of energy added by

"the additional intake can supply the requirements of the
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add1t10na1 m11k whlch is produced but not used. This may

even 1nvoke a surplus of energy in the initial perlod

N
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7. GENERAL SUMMARY AND CONCLUSIONS

7.1 SUMMARY

A éeterministic model for simuléting beef cattle
production- under Alberta manageﬁent schemes éhd envifonment,
with cowé from three genetic groups: Hereford (HE), Beef
Synthetic (SY) and Dairy Synthetici(DY) was described; In
the model, fhe genotypeé potentia;‘(specified as production
potential), was reached only.if past and presehf planis of
nutrition and climatic conditions were adequate. fntake of
pasture,.or other feeds was simulated‘as a function of size,
maturity and physiological status of the céws'ih addition to
the availability, digestibility and crude fiber content of
the feed. '

To simulate cow perform%nce, a dyhamic g V:f blocks'
waé used: milk yield, fetél growth, qalf growth; energy.
balance, grazing managemént, climatic adaptation, body
weight andgchahge in reserves. Cow performanée was
calculated from the interaction among climatic conditions,
nutrient intake, animal condition (reserve depot) and
genetic‘potential. Evaluation of the model béhavior was made
largely by setting climate, grazing and management |
conditions to those existing at The University of Alberta

Ranch at Kinsella, and by validating the simulation output-

with the observed data.

218
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T

v Three simulated expériménts were cbnducted’wfth the
model. In the first, the model was ﬁsed to study the effect
of environmental factors on body weight and cémposition,

\féed“intake, digestibility,'energy’balance, level of
production and reproduction of range cows in Alberta. Four
manageméﬁt options (treatments)‘weré evaluated: 1. improved
winter suppleméntary feeding of 25% crude fiber, 2,
controlled tempefature of 20°C,year,ropnd 3.. constant
feeding program of 28% crude fiber undef,éonfihemeht
\conditions,year round and 4. the same as 3 but with 26%

‘ ’érude fibef. These were compared with a contro; which was

.simulatéd as the actual situation at The Univérsity of‘
Albérté Research ﬁanch at Kinsella.

The second expgriment estimated the effect of- a severe
winter on body weighﬁ, feed,intake; digestibilify, energy
balance, lével of production and reﬁroduction of range beef
cows from the three‘breeding groups under The University éf

Alberta Ranch management. The effects of a severe winter
were compafedlwith those of a normal’winter (as represented
by 1976). .

In the third experiment, the model was used to study.
the effect of change in milk potential th;ough change‘in
initial milk yieldy(IPDYM) andbpérsisténcy (P) on body
weight, feed intake, milk production, energy balance and
levelrof»production and reproduction. Six tfeatments

combining different levels of IPDYM with constant levels of

P and different levels of P, with constant: levels of JPDYM
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and a combination between the two were compared with a
control, which was represented by the actual situation at
The Unlver51ty of Alberta Ranch.

b
7.1.1 validation

| The vaiidation of the model indicated that the concepts

introduoed were valid and appropriate to biological and
productlve attributes of. a cow- calf system. It was concluded
that w1th1n the exlstlng 11m1tat10ns, the model was suitable
for testing hypotheses concerned with aspects of
environmental oonditions, milk yield, calf production}and
biological efficiency. |

5

-2 Evaluation of system behavior

.2.1 Live Weight
The shape of the llve weight curve of mature range cowSs

in Alberta was con51dered as a functlon of factors such as
feed quallty, amblent temperature and fetal growth Energy
concentration of the feed was estimated to be the most
influential of factors considered in the initial'pefiod
after calving, and its effect on 51mulated 11ve weight was
predicted to be mainly via the change 1n empty body welght
Crude fiber in the feed was estimated to be. the most
influential factor auring herbage lignification at the end
of the grazing season, and its effeot on simulated live

yeigbt was predicted to be mainly through the incr%ase in
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gut fill. Fetal weight was estimated to be a fairly

important factor in the last phase of pregnancy [ starting
three months before calving), and its influence on simulafed /
livé weignt was predicted to be through the increase in

vteral size.

7.1.2.2 Productivity and Reproduction

Increase in feed energy in the winter did not inarease
simulated 180 day weaning weight, but rather increased the
time taken frdm calving to weaning by shortening the
simulated open-days interval. ‘ |

7.1.3 Evaluation of The Effect of Severe Winter

7.1.3.1 Live Weight
Under the management practlces prevailing at The

Univer51ty Ranch, the simulated effect of severe w1nters on

change in welght of beef cows was only a temporary one, and
' cows were predicted to recover from mid-winter weight loss

during the following grazing Season,
. . .} \ . . -

7.1.3.2 Reproduction

Soma reduction in simulated empty body weight was
derived from-change in reserve tissue which was predicted to
racover more slowly. Therefore, fertility may be reduced if

. Cows are not compensated for catabolism of reserve tissue.
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7.1.3.3 EnerquMetabolism

Simulated maintenance and heat prdduction requirements
are likely to increase under severe winters, The increase in
maintenance is not alyeys connected directly to the change
in temperature, but it is predicted to be dependant fairly
strongly Onnbreed and conditionsL Hereford cows were
'predicted.to spend relatively more energy on maintenance and
less on heat production, wnereas SY and DY were predictedAto}
spend relatively less on maintenance and more on heat
production.

‘Energy'balance in cows on limited intake is directly
influenced by the increase in maintenance and heat
production expenditures, Thus, the moreimarginal the energy -
balance is during norﬁel winters, the more severe will be
the deficit during a harsh one. Since fat is the tissue in
the body which tends to be catabolized under energy
"deficieney, increases in energy expenditures will cause a
reduction in this tissue. Hereford, and SY cows vere
'predicted.to lose more reserve tissue during severe winters

than were DY cows.

7.1.4 Evaluation of The Effect of Milk Potential

7.1.4.1 Productivity and Reproduction
Improvement in initial milk potential was predicﬁed to
increase weaning weight and to 'decrease calving interval,

whereas improvement in persistency was predicted to increase
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both weaning weight and calving interval. Thus, if selection
systems emphasize regular reproduction (as does the Kinsella
project), it is likely that céws from a population of the
same milk yield will be selected for higher initial milk
potential. Selection as such, is predicted to be preferable )

over selection for lactation persistency.

7.1.4.2 Lactation Curves

1f 1a§tation curves of beef cows can be described by a
period of rise in ﬁilk yield up to a certain peak, and then
an exponential decay, the model predicts that the peak point
would appear fu;ther from calvingfas the initial milk "
potentiéi'inéreases. Thus, for beef cows wiéh low initial
potential of milk yield the latation cﬁrve would be
.'éﬁaracterized by a.loné decaying curve almost without

distinct peaks.

3

7.1.4.3 Dry Matter Intake and Energy Metabolism

| Based on the functibks selected for.the model from
different studies, simulafed dry matter intake is likely to
increase with an increase in milkxprohuction. ?or cows with
largé initial milk potential the amount of energy added'by’
the additional intake wefe,predicted to supply the
requirements and even to invoke a surplus of eneréy in the

initial period.
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7.2 CONTRIBUTION AND APPLICATION

One value of simulation is that it requires a modeller
to learn about the system intensively and in depth before he
can model.it successfully. In the course of the construction
of this model, the author learned a great deél about
biological phenomena in the beef cow cycle. Thus, the
contribution of the current modelling and simulation can be
summarized as following:

- 1.  The model enables one to understand better the
biological processes of beef cattle undér specific
conditions.

2. Due to the dynamic nature of the model, equations which
have been used previously in other cow-calf models
(caléulated final values) were calibrated to fit to the
pattern of seasonal changes.

3. Gaps in existing models of growth and milk production
made it necessary to develop hypotheses (Appendix—1,2)
dealing with the péﬁtern of growth and milk production
of beef cows.

4. - Construction 6f the model enabled precise identification
to be Tade of specific gaps in our knowlage and pointed.
to further work that needs to be carried out. The most
important,gab is that not enough is known about herbage
intake in a gfazing situation.:An experiment in which
herbageAintake, fattening and change in weight will be
monitored could help in better understanding of the

lipostatic mechanism in relation to the limitation on



225

increase in body size. Some important gaps have also
become apparent in the climate side of the model. Two
such gaps are associated with the pattern of the change
in body insulation over the seasons and the change in
the effect of more climatic parameters than temperature.

5. The model documented the evironmental stress exéerience
by breeding cows in Alberta. There is a gap between
voluntary intake and maintenance requirements while on
pasture, and there are important interactions with
season and physiological state of the animal. This
information is of value 1in studying thewprobiem of
nutritional stress and in evaluating strategies for
supplying the deficient nutrients.

6. Mosf beef production models reported in the literature
are models of improved systems with animals kept under
thermoneutral conditions. Such models are of limited use

in very cold areas when the task is to find economically
feasible and relatively extensive hugbandry systems. The
model developed in this research allows simulation of
cCOwS perférmance under conditions of cold stress.

7. The model can also be used as a tool to make guick
estimations of supplementary feed requifements as
conditions chanée.

By interpreting the individual conclusions as described:
in the summary section, the following applications were
defined;

t. Since pasture availability was predicted by the model to
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have a very important role in affecting calf growth
(mainly in final stages before weaning), it is evident
that changing the grazing management system or using
supplementary feeding in the final stages .is exbected to
impfove calf growth under Alberta conditions.

It was estimated by the model that a diet high in fiber
can not satisfy production requirements of the lines of
cattle whiéh have been developed at fhe University of -
Alberta Ranch. Therefore, a confinement program based on
such a diet is not recommended.

It is expected based on the predictions of the model
that selection for fertility (which is considered to be
a poor trait for a selection program, but is p:acticed\
at The University Ranch for practical reasons) can
induce selectioﬁ gain in milk yield and feed intake.
Based on the model's predictions, it is assumed.that
ﬁilk production is more important in initial stages
(despite the fact that the calf can not use the total
amount of the miik) than in the terminal stages (at
which time milk yield is susceptible to changes in
pasture quality). Therefore it is recommended that
selection programs give greater weight té early

lactation yield, ¢



227

. 7.3 FURTHER RESEARCH

During the course of model development and evaluétion,

‘several aspects of environmental and physiological functions

requiring further research were identified, based on

Inadequacies in available data or in model performance. The

following problems were identified as réQuiring,additidnal

consideration:

t.

The lipostatic mechanism is not sufficiently sensitive
to the combined effect of feed intake and body size.

Due {o lack of good guantitative data on the dry matter
intake and digestibility on pasture, the prediction of.
the model could not be validated.’

More information isrneeded on parameters of weather and
climate, and on the physiological, morphological and
behavioral ;esponses‘of cgttle to meteorological -
changes.

The grazing sub-model is not sufficiently dynamic. It
does n?t respond to changes in weather or grazing
pressure. |

Noldata was found on the relationship between the value
of residuél milk during early lactation, and feed intake
and fattening'inﬂthe cow. |

Similarly, there is a lack of information on the
relationship of fertility to milk yield during early and
late lactation.

The following stages of development are suggested for

the future:
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1. The model should be validated using additional
experimental data.

2. Specifically, the model should be tested for sensitivity
to changes in feed quality and ambient temperature,

3. An economic analysis factor should be added to the
model, }

4. The model should be adapted to a farm situation, and
applied to the analysis of management systems,

5. Depending on its final accuracy, the model should be o

used for decision making. Among the management: problems
to which the model’ 1s orle ted the most urgent are

choice of supp}ementary fﬂp 1ng plan and choice of
e i
weaning we1ght and timed 4 - o

If these applications . pro

-

successful, it will Se
possible to develop a Control‘system for managemenﬁ, with a
variable or uncertain produétive capacity.

Finally, the model could have application in_othe;
fields, such as introduction of feed utilization criteria
into the.breeding scheme, and improving the resolution of

analysis of experiments.
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Appendix-1

A modified growth model for beef cows in Alberta

Abstract
A modified growth model for beef cattle has been
déveloped. By using analytical techniques,the’mathematical
functions to fit the growthumodel have been derived. qudy's
model (Brody, 1945) recogniies two stages in the growth |
pattern of a cow: pre-inflection and post—inflecfion gfowth.
” Age-weight data of beef cattle from The University of

Alberta Ranch at Kinsella consisting of 203 Beef . Synthetic

(SY) and 144 Hereford (HE) females (set 1) were used for the

computation of model parameters, degree of maturity at birth
and at inflection point (Table A.1.1). The mean value for
degree’ of maturity at birth was 6.8%:énd the mean infléction
point was 36% of mature weiéht (Rosen ana Berg, 1981). For
the validation of the model, another set (set 2)'of 23
females of all breeding groups ( HE, SY and Dairy Synthe£ic
(DY)) were used. Polynomial and,noniinear regression
anaiyéis of age—ﬁeight data were cdmputed to yield least
squéres (LS)‘curvés‘forvcomparison; The performance of the
deel was tested ih three wafs: (a) A graph comparing the
 %;alues of’the'modei with the LS curves and the observed data
(Figures A.7.1 to A.1.5), (b) the coefficients of variation
(V) of foreéast deviations were calculated as percentage of

the mean of the observed data, and (c) correlation forecast

(r¢)( i.e. correlation between model LS and the observes, .,

.

f

(SRR
LS



231

cerve) (Tables A.1.2 and A.1.3). The overall CV of.the
simulated curves was found to be 17.00+£5.3% and the

r? 0.958+0.0051. To increase the degree of fit with the
observed data, multiplicative correction factors of k for
suboptimal conditions were estimated ( a computer program
which.changes k‘andichecks'for the minimal residual variance
was used to calcdulate a ﬁew’k. The new k was then compared
with the k which was estimated by the model) as : 1.4 for HE
and SY; and 1.8 for DY. The actual growth of DY was the'oniy
one which required adjustments for A ((1.08) which makes it
0.74 for the average DY cow) as'well as k. The overall CV
for the'adapsted simulated curves was 9.56x0.31%. The
adjusted gréwth curves are presentea in Téble A.1.4 and

Figures A.1.6. to A.1.8.

YTy
s
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Tables

Table A.1.1 The evaluation of degree of méturity at birth.

‘Model
Breeding RichardsA xCorrected Brody *Corrected
‘Group (1-B) . MPE _ (1-B) (1-B) - MPE = (1-B)
IEROR0 W:,‘;(“' . ¥
sy ~ 0.064 1.0070 0.0644 . 0.078 0.8710 0.068
Sy 0.069 '0.9855 0.0680 0.068  1.0010 0.068
HE 0.065 1.0165 0.0660 0.072 0.9452 0.068
HE 0.071 1.0034 0.0712 0.062 1.1066 0.068

‘Overall Mean -~ 0.0674 0.068

;VMPE—Megn Predicted Error=(Observed-Predicted)/Observed

(1-B)-degree of maturity at birth.

A v ; - -kt 1
Brody's equation+ Weight=A(1-Be )
-kt m

Richards' equation- Weight=A(1-Be )
xcorrected back to thé observed value.
A-mature weight.

k4£ate of maturisy.

t—time;i ' | t
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Table A.1.2 The coefficient of correlation and of variation

for age¥weight data (set 1) of two prediction

models and of an estimation model in two

breeding groups of cattle.

Model
Breeding No. Estimation . Polynomial LS Nonlinear LS
Group A. O. r? CV(%)  r? Cv(%) r? Cv (%)
- HE 144 9 0.9705 7.137 '0.9705 4.775 0.9783 6.486
SY . 203 9 0.9544 §.518 0.9863 4.951 0.9741 6.950
A.-number of animals
O.-number of obsevations within animal \
o |
Polynomial model- Weight=b,+b,t+b,t? \
.. -kt k
Nonlinear model- Weight=A(1-e

)~ used in the estimation *
model to predict mature weight based on
for each group. :

estimated A and k

\\
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Table A.1.3 The coeficient of correlation and of variation
for agé;weight data (set 2) of two prediction
models and of an estimation model in three

breeding groups of cattle.

, ‘ Model
Breeding No, Estimation Polynomial LS Nonlinear LS
Group A. O. r? Cv(%) r? Cv(%) r? CV(%)
HE 5 47 0.938 14.58 0.933 © 9.72 0.946 8.75
SY 9 47 0.945 13.28 0.934 9.20 0.946 8.27
DY 9 47 0.935 23.16 0.919 9.78 0.936  8.63

A.-number of animals

O.-number of observations within animal

T
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Table A.1.4 Mature weight (A) and rate of maturity (k) of the nonlinear itted
model, the theoretical estimation model and the adjusted estimation
model in three breeding groups of cattle.

Mode !
N
:Breed1ng Nonlinear Predicted - Estimation mode! Estimation adjusted
Group . A k(%) Cv(%) A k(%) CV(%) A k(%) CV(%)
HE 502.6 0.173 8.75 517.6 0.234 14 .58 517.6 0.167 9.34
SY 525.5 0.173 8.27. 536.7 0.279 13.28 53677 0.199 8.41
DY 472.5 0.230 8.63 550.0 0.283 23.16 505.4 '0.117 8.71
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Graphs
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s W),
Reference . o \ ‘

Brody, S. 1945. Bioenergetics and growth. Reinhold-
- Pdblishing Corporation, N.Y. Chap. 16.
: {
Rosen, M. and Berg, R.T. 1981. A new approach in beef cattle
growth pattern analysis. Can. J. Anim. Sci. 61:1083

Rt 2l

(Abs).
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Appendix-2
Relationship between milk production and preweaning grorth.

of calves in three lines of beef cattle in Alberta

Abstract

A milking experiment with single-suckled range beef.

~cows, which was conducted over two lactation years (1976 and

1977) at The University of Alberta Ranch at Kinsella

(Butson, 1981), was used for the analysis of lactation curve

parameters. Initial daily milk yield and lactation

persistency were analyzed using least squares techniques
(Table A.2.1 and Figure A.2.1). Breeding group had a
significant effect on initial milk yield, whereas age of dam
had a significant effect on persistency'of lactation, ana
year had a significant effect on both parameters (Table
A.2.2). Multiplicétive correction factors of age of.dém~for
total preaicted milk yield'were computed also, and'foﬁnd o
be: 1.35, 1.19, 1.05 and 1.00 for cows aged 2 to 5+ years. A
milk production model was prograhmed, ana the relationship
between calf growth and milk productiOn was simulated. Using.
simple régression analysis the felatibnships between
simulated growth on milk and observed growth were analyzed.
These relatiénships on a calXf weight basis were found to

have a better predictive ability ‘than those on a calf gain
basis (Figures A.é.2_and A.2.35a$C;1f‘growth efficiency with
respect to milk conSumptionjwas simulated, and breeding

group differences were found (Table A.Q.S and Figure A.2.4).
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&

Héfefofd and DY calves were predicted to be more efficient
 'in utilizing pasture in the early period, whereas SY calves
were more efficient in utilizing pasture in the later

period.



248

Tables - .

Table A,2.t Least équares means, Standard errors and multiplicative correction factors
' of IPDYM, P and June and September daily milk yield in three
breeding groups of cattie.

Item Number of P : - IPDYM Milk Yield **
: Animals . } Kg/Day June September

Breeding Group

HE 103 O.151£0.01O +9.26+0.5 7.02+0.4 4.46+0.3
Sy 225 0.12040.008 - 10.2540.3 7.92+0.3 5.86%+0.3
DY 61 0.09410.015 10.47+0.6 8.65+0.5 8.6530.5

Y

&

Multiplicative Correction Factors of Milk Yietld =*

'

Age of Dam

2 137 0.90 .26
3 88 0.92 T
a 46 1.12 1.12
Mature 157 1.00 1.00
Sex
Male 205 1.00 1.00 )
Female 223 11t - 1.07

* Additional‘breediﬁg group of 39 cows is included in the daté‘
** Adopted from Butson (1981).
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Table A.2.2 Analysis of variance of initial daily milk

yield and persistency of lactation in three

breeding groups of cattle.

o

g

Ly
Source ‘Degrees. Mean Mean
of Freedom Squares Squares
(1PDYM) (P)

Breeding Group 2 27.5 0.792%
Sex | 1 11,3 0.058
Age of Dam 3 132.9% 0.102
Year 1 '262;6j C1.669%
Error 419 ‘19.9} 0.143
Total 428
x P<0.01
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Table A.2.3 Estimated averag"hilk utilization efficiency

expressed iplkg milk per kg preweaning gain

for'the periods ending on the 80th, 150th,

180th and 200th day, in three breeding groups

of cattle,

Breeding Days from Calving
Group
80 150 180 200
kg miik/kg.gain
HE .90 7.21 7.34 7.54
SY 8.42 —7.25 7.32 7.54
7.22 7.32 7.55

DY

. 8.07
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Graphs
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Reference " : i
" . Y
Butson, S.L. 1981, Biostatiétical analyses of factors
influencing laggation performance of range cows and
weaning weight of their calves. M.Sc. Thesis. Dept. of

Animal Science, Univeristy of Alberta, Edmonton,

Alberta.

i
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’Appendix-B ?

Least squares analysis of calving intervals and calving
i

»

season

N

Least squares analysis df calving interval and time taken to mid-season
in three breeding groups of cattie and four classes of age group.

Item *Calving Interval Mid-Season Interva}
R Cow Heifer’ N Cow . © Hei fer
. >
-

Normal  Agdjusted*

(days) . , (days) .
. ) ‘ ] 2
Breeding Group N
- HE No. . 515 358 © 4321 515 358
MeantS . E. 369.6%0.9 732.0%1.2 33.920.7 31.1%0.6 27.0%0.9
SY No. : ’ 996 602 2259 996 602
MeantS .E . 368.6%0.8 730.7:C.9 30.0%0.5 29.8$0.5 23.5%0.7
DY No. 72 97 . 345 . 172 97
MeantS . E. 370.5%1.6 726.842.2 32 6%0.6 Q1.3+t1.0 23.9t1.6
3 - / . . .
Aga of Dam ’
3 No. 601 782 601
MeantS. E. © 374, 30. 1 32.940.8 29.7%0.5 C
4 No. 385 . 616 _ass
MeantS.E. © o 369.3%1.2 34.1£0.9 33.410.7
5+ No. | 697 1619 . 697
. Mean¥S E. - 365.0%1.0 29.6%0.8 31.1:0.6
Sex .
M No. ' 865 ‘528 1938 868 528
MeantS.E. 369.9$0.9 730.6%1.2 33.0:0.7 32.0$0.5 24.9£0.9
. F  No. co B18 §29- 1987 818 528
< Meant$ E. . 369.1%0.8 '729.1%1.2  31.3t0.7 - 30.9%#0.5 ' 24.8%0.7
Overall e C .
. : NO . : © 1683 1057 3925 " 1683 1057
MeantS.E. . - . 369.5%0.8. 729.9+1.0 . 32.2%40.6 31.4%0.5 24.8:+0.7
*-adjusted for calving interval.. .

3 4
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Appendix-4
Regression analysis of weaning wéight-and age on number of
L)

days of low temperatures (-18°C and lower) in the winter

|

2
Mean and standard deviation (SD) for dependent var iables-{(*). R,
intercept and standard error (SE) of estimate and regression coefficients (8)
from simple regression analysis to estimate weaning weight and weaning
age of calves from three lines of cattle in Alberta (based on data
from Berg (1975) as explained in chapter §)

. '/T‘\l\ . .
.Dependent Estimales i P SN
] . 2 - R
Breeding Mean SO, ’ Intercept - ‘B SE R
Group \ . R
. )
71 weight (kg)
s> HE 157.6  6.02 ’ “170.7  -0.1349 | 0.110 0.2720 .
- SY 192.8. 5.3% 212.9 -0.2084 0.048 . 0.8250
DY 205.0 9.59 - 227.7 -0.2355 0.169 0.3271
2 Age: {(days)
HE 159.3  7.50 . 155.4 .0.0409  0.159  0.0161
SY '162.3  5.89 . 162.3 0.0000  0.126  (0.00Q0
\ s . :
DY .. 189.°0 7.01 %L 1494 0.0995 +0.142 0.1092 . ¢
Sy R S U W :
T S - S
» -
* weaning weight and age.’ bl
“ 14 . -y,
<
e
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Appendix-5.2
Glossary

NOTE: Variables which appear in the program but not in this

list are used only for intermediate calculations.

A - " mature weight, kg.

AFTPR- o : abdominal fat, kg.

ADG - | average daily gain, kg/day.
*AGE - , ' age of cow, years.

Al - _ initiél Qalue of DEF, kg/day.
ANIDP- - | stocking rate, cows/acre/year.
ANOVA- %

gysis of varlance

AVI - QJ}e avallablllty, fraction.

B - ' : o th scaling parameter, dimensionless.

BM - .rw?: ééergy for maintenance adjusted for

/*TEMP Mcal/day ' .

BT - ' ///biological type corrected factor forw
ta / VFI, dimensionless. | |

BTIME; ‘ open days intervai, days.

BULL - \ bulls ferfility, fraction.

BWI - initial body weight, kg.

BWT - cow birth weight, kg.‘

CAWT - calf preweaning milk gafhfkﬁgfﬂx°x)

CAWTX—V calf preweaning actual gain, kg. %

CBWT - calf birth weight, kg.

CBDMIP- ' calf dry matter intake, kg/day.

(S

CDEM - ' - energy density in feed for calf,



CDIG -
CF -

CFFTPR -~

CFFGN-
CFPp -
CFTGN-

CKF -
ko
CRg~i

CMEGR-
"CMEM -
cMIC -
_CNER -
. COND -
cv -
CVDATE-
CVFIT-
CVGN -
CVTIME-

CWPOR-

CWT -
CWTX -

DAYS -

, calf liquid milk capaéi;y, kggday.

261

Mcal/kg.DM.

‘digestibility for calf, fraction.

crude fiber in feegd, %4

correction factor for butterfat in milk,
diméﬁsionlesé.

fat frée in calf gain, ¥%.

crude fiber in pasture, %.

fat in calf‘gain, %.

metabolizable en@@?& utilization for

growth in calf, fraction.

metabolizable energy utilization for

J/A’ » . . .
malntenance in calf, fraction. 4
: , o

éa}f ﬂE;for.growth, Mcal/day.

calf ME for mainterance, Mcal/day.

l‘:4

calf net energy retention, Mcal/day.

"cow conditions, dimensionless.

coefficient of variation}\%.
calviné date( days. |

calf VFI édjusted for TEM?, kg/day.
caloric value of gain, Mcal/kg.w

calving time, days.

‘phe proportion between calf actual

growth and milk growth, fraction.

calf simulated weight from\milk, kg.

géalf simulated actual ngghi% kg.

number of days in each month, days.



DDELAY-

DDMIP-
DDMP -

DEF -
DELAY1-
DIG -
DMAP - -

4

DME -

DMIN -

DMPP - -
DMPP 1 -
DOM -

DOMB -

o
e
& i:,;:!

DYM -
EBD T
EBGN - : |
EBW - @%
CEBW1 -

EDIF -

262

delay time for simulated cow age, days.
dry'matter removed,from'ﬁasture, g&
kg/acre/day.

dry matter added to the pasture biomass-
(g;owth), kg/acre/day.

milk 'loss due to past effect, kg/da;.

delay pasture time, days, .

digestibility, fractig@Q”

7. 5
(Y
" 'y l:‘Q

4

pastﬁre femoved by cow and calf,

kg/cow/day;

pasture residual,, kg/acre/day.

=

pasture biomass gfowth, kg/acre/day.

“degree of maturity, fractioh.

)

degree ofu}aturity,at birth, fraction of
mature weight, | ’
Dair?ﬁSynthefic.

daily yieldAof milk, kg/day.

energy from body tissue, Mcal/day.

eﬁbty body gain, kg/day.

embty body weight,'kg.

initial empty body weight, kg.

input -output enerqgy difference,
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Mcal/day.

EDM - \ ‘energy demand, Mcal/day.

EFD. - » - energy in the feed, Mcal/day.

EFT - energy in fetus, Mcal/day.

EGAIN- . : enérgy in éight gain, Mcal/day.

ELOSS- energy in weight loss, Mcal/day.

EM - ' " energy i#(milk, Mcal/day. | ’

EMH - energy fol keeping body temperature
under cold stress, Mcal/day.

FACD - correctio factcfgfpr physical
limitation on VEi}ldimensiomless.

%Ag}ﬁ- ' correction factor%foruphysiblogical

| limitatipbn on VFI, dimensionless.

FCM - fat corrected milk, kg/day. .

FERf‘— o cow fer ility} accumulated f?%%&ion of
calving%.

FERTIL- - _cowherF fertility, accumulated fraction
of calvﬁngs.: " o

FRE - : . energy ¥etentibn in fetus, Mcél/day.

FWT - fetal Weight, kg. |

GAIN - calf p éwean;ng daily gain, kg/day.

GAIN1- | _ caif simulated preweaning‘gain from
milk, kg/day. -

GAINé—V calf simulated preweaning éctual gain,

: kg/day. |
GL - o \ gestaﬁﬁoh iength, days.

GN - daily gain, kg/day.



HRA -

IE -

. IPDYM-

ITT -
IVFILC-
K -

KF -

KL ==

KM -

264

grain in diet, %.

regression factors for adjusting actual-milk

‘intercept.

regression coefficient.

exponent.

gestation time, days.
empty body weight factor, fraction.
Hereford | .

the Qggining of the'gYazing season,

‘dayéi

grazing time, days. .

external insulation, °C.m?.d./Mcal.

.initial potential daily yield of milk,

kg/day.
tissue ‘ir: .  +~ion, °C.m?./Mcal.
a VFI corre tion factor, dimensionless.

rate éf maturity, dimensionless.
a ME_utilb%ation efficiency for
fattening, fraction.

a ME utilfzation efficienéy for

lactation, fraction.

‘a ME utilizatiop efficiency for

maintenance, fraction.
a ME utilization efficiency for

pregnancy (fetal growth), fraction.
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LACTID- ' lactation time, days.

LACTIM— lactation time, months.

LACTIN- the time where GAIN > GAIN1 at first,
days.

LI - number of maintenance levels,

dimensionless.

LIp - lipostatic coefficient, dimensionless.

LIPOS- | lipostatic correction factor, fraction,

LS - . O o leastisquares.

LWT - | " .live weight potential, kg.

MCLV - ‘ '~ milk caloric vaiue, Mcel/kg.

M - e weight exponent constant, dimensionless.'
" ME - | metabolizable energy, Mcal,

MEM - energy for maintenance, Mcal/day.

MFTPR- ‘ _ milk fat pefcentage} %.

MGCF - ~ growth multiplicative correction factor,

dimensionless.
MLKEF- milk utilization efficiency, kg milk (or

FCM) /kg gain. .

MMECF - milk ME value for calf, Mcal/day.
MONTH- ealendar month; Months.
MRE - ** ' retention energy in nilk, Mcal/day.
P -". C lactation persistency, dimensionless.
PDMIN- S potential dry matter intake, kg/day.
PDRU - ' ' poteniial of reserve utilization, .

- Mcal/day. = ° - ;

PDYM - - potential dailykmiik yield, kg/day.



PDYM1-

PDYM2 -~

PGN -

PIGN
*}i’i}“‘a

PLWT

POI -

RDIG

RDYM

- RES -

RESCH-

RESAVE-

RESI -
RES2 -~

RVFIF~-
RVF1P-
SA -
SU -

TBOUT-

TBULL-

266

unadjusted potential milk yield, kg/day.
potential milk yield adjusted for past
effect, kg/day.

potential daily gain, kg/day.
preinflection gain, kg/day.

potential live weight, kg.

point of inflection.

coefficient of corelation.

reduction in digestibility, fraction.
reduction in daily milk yield due to

energy deficiency, kg/day.

reserve tissue, Mcal.

rate of change in reserve, Mcal/day.
reserve tissue componenet, fraction of
EBW.

initial RES, Mcal. ' i
reserve tisuue weight, kg.

a VFI correction factor for abdominal
fat, dimensionless.

a VFI correction factor for uteral

- space, dimensionless,

body surface, m?,

standard error..

supplementation feeding,'kg/day.
time to pull bulls ouﬁ, days.

time to put bulls in, days.

‘lower critical temperatyre, °C.

-
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TEMP - ambient temperature, °C.
TTBULL- breeaing season time, days.
VDMIP- potential VFI, kg/acre/day.
VFI - : ' voluntary feed intake, kg/day.
VFID - physical VFI, kg/day.

VFIP - - physiological VFI, kg/day.
WCOW - ., cow live weight, kg.

WCOWI - cow initial live weight, kg.
WCOWX - o covw experimental live weighﬁ, kg.
WETIMf*L“ | -weaﬁzng time, days.

WSPD . ~ ‘ wind speed, km/hr.

el
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Appendix-6

Computer Flow Charts and Programs
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Symbols related to the flowcharting |
NOTE: Output of one subprogram is used as an input in another
subprogram .
“\1“
Input
Qutput

Integmediate variables

(::) » ' Connector

Decision

. Start




CALF VFI (8)

CALF GROWTH (7)

GRAZING ()

VFI (%)

EFD

BTIME

EBW

Restart
- &tly cycle
/
1 TIMING (9) -
r—mmt;mnc: (1)
amm FETUS (2)
MILK (3)
CoLD STRESS {4)
EDM |
x
N ’ '
- "
EDIF KM
EDIF EBW1
" RES2 /"
NEGATIVE RES EGAIN.
A
e
RESCH :
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FERTILITY ROUTINE (FER 82)

FERT!

BBTIM1 . A FBULL -

YES

MONTH=BRIM
e

FERTIL

TBOUT>TIME>TSH
8 > E>TBULL vES '
Y

TTBUL1 P

TTBUL o
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" $RUN =*CSMPTRAN
TITLE MATURE COW PRODUCTIVITY MODEL ----~--- (cow.82)

TITLE BREED\ARE:1-HE, 2-SY 3-DY

x . 1. iNIT&AL VALUES
X ' EEE SRS RS S
*

X

NOSORT

KERRKK KKK ERKREKEKE KRR KR KRR KRR KRR KK XK RR KSR XXX Rk xkHE

’
N

IPDYM=9. 3
Y=.152j |
GL=286. N .
BWT=32.8
CBWT= (BWT+.4)*1.035
PIGN=.776
R1=.0006391
GRP1=6.4527E~5
GRP2=1.8
CFETPR=1.3
WCOWIN=475,
DOMB= . 068
‘L1P=.8 ﬂ
*****************************************;*********SY
IF(BREED.EQ.1) GO'TO 3
IPDYM=10, 2

¥=.1203
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GL=283,
BWT=34.6

CBWT= (BWT+1.,27)%1.035
PIGN=.932

R1=;ooo§97o r
GRP1=4,746E-4
GRP2=1.5%

CFFTPR=1,25
WCOWIN=525.

DOMB=. 068

LIP=.8

**************************#************************DY

IF (BREED.EQ.2) GO TO 3
‘IPDYM=10.5

Y=.0938

GL=282.

BWT=38.2 ¢

CBWT= (BWT+1.94)%1.035
PIGN=1.011 o
R1=.0007é22
GRP1=5.0E-4

GRP2=1.5

CFFTPR=1.26
WCOWIN=520. “

DOMB=. 074

LIP=.3

3 CONTINUE
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SORT
S KEKEXKkE X kK
GROWTH,RESERVES,MILK,ENERGY*******‘***************

A=BWT/DOMB

K= (PIGN/(A*.64))

LWT=(A*(1.-EXP(-K*DDELAY))) -

WCOWI =WCOWIN-CBWT -

RES1=WCOWI #RESFC SR

RES12=RES1/4.91

RES2=RES 12

BWI =WCOWI -RES?2

Al=DEF 1- (DEF2/DEF3Y)*DELT

DDELAY=2000,

CMIC= (CBWT**.5332) %, 93"

DYM=CMIC

PDYM=CMIC

PDYM1=CMIC

RES=RESI

LI=1.3

EDIF=0.0

EDIF1=0.0

FWT=0.0

PDRU=RESI *RESUS

EBD=PDRU ,

G2=AMIN1(.97, (.87+(12.3-(1.384CF)) /LWT))

EﬁW1=Bwf*G2

RESAVE=RES2/(EBW1+RES2)
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TEMP=2.9
DYNAMI C '
LA RS ERER
¢*3$PHYSTOLOGICAL AND MANAGERIAL PARAMETERS AND SWITCHES s
SWITCH-INSW(;IME*(CVDATE+WENDAY),1.,0.0) |
SW1=INSW(TIME- (CVD+WENDAY-1.),1.,0.0)

e FUNCTP=LNSW{TIME-275,,FNCTP1,FNCTP2)
TEMP=AFGEN (FUNCTP , MONTH ) |
bACTIMu((TLMz—cVDATE)/30.xtszTcn
AGEuAINT(((DDELAY+TiME)/365.)+.5)

LWT=A% (1. ~EXP(-K# (TIME+DDELAY Y ) N
DOM=LWT/A

G2=AMIN1(.97,(.87+(12.3-(1.38%CF)) /LWT))

i

'NOSORT
EBW=EBW1+RES?2
IF(TIME.NE.CVDATE+1) GO TO 226
DYM=CMIC ‘

DEFSW=DEF 11
TFCM1=TFCM2
226 CONTINUE

Kk kR kk kDI GE S TIBI LI TY Xk k kK kK KX KR KKK AR KR KA KRR AR KRR KA KKK X

RDIG=((105.27+(-4.58+(-,052%GR) )*L1)/100.)*(1,.~-F*(20.-TEMP))
DIG1=(88.-1.047xCF)/100.
DIG=AMAX1(,3,RDIG*DIG1)

*kkxkxk*kMILK REDUCTION®X 2k kk Xk kK kbR KX KRR R KKKk K KK KRR K KRR kR kK %
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MPTPR=INSW(-DYM, (5.072-(,2769DYM) ) «CFFTPReSWITCH,0.0)

NERM=. 36026MFTPRs* . 5226
EM1=AMAX1(0.0001,NERMsDYM)

RDYM«LIMIT(.0,PDYM1,~-EDIF/EM1) sSWITCH

238322 28DRY MATTER INTAKES+ 5302828802488 5 000088808088 RS

N

IVFILC-AFGEN(?QILC,LACTIM)
RVFIP=(1.-FWT/400.)

AFTPR=.0072+LWT

RVFIF=1,-(AFTPR/40.)
LIPOS=INSW(RESAVE-.25,LIPO, 1.~ (RES2/EBW) % ,3)
prb-xnsw(nasxvz—.zo,1.,1.—(3852/35W)ttnxp)
éVFIT-1.+.0033t(20.¥TBMP)

FACP=CVFIT#LIPOS

FACD=CVFIT#RVFIP*RVFIF '
VFIP=(((.1145-.0717«DOM)/DIG)*EBWs*.75) *FACP
VFID=(((.044-.0167%DOM)/(1.-DIG))*EBW**.75)*FACD
BT=((A/480.)*% 75% (IPDYM/9.3)) *%.3
PDMIN=AMIN1(VFIP,VFID)*IVFILC*1,24BT

DMIN=INSW(-TIME, AMIN1(DDMIP3,PDMIN) ,PDMIN)

£+x%£2xtENERGY FROM BODY RESERVES## XX s x kst sk 55 kXX KKK XK £ 5

SORT

*

BD=AMIN1(PDRU,RES/DELT)

EBD=INSW(-EDIF1,0.0,BD)

{

'********MILK POTENTIAD & PRODUCTION******x*******:t:*******

*
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LA?TID=INSW(TIME CVDATE, 0.0, TIME~ ~CVDATE).
PDYM2=1PDYM&EXP( - Y*LACTIM)*(AGE*E1 -E2¥AGE*#2+E3)
7" | PDYM1=AMAX1(0.,PDYM2 DEF)*SWITCH

DEF22 ((INTGRL(DEFO (AMAX1(DEF RDYM) DEF)/DELT AI*DEF)))

%

DEF 1 1=DEF22-DEFSW ' . "'“ﬂ\ !
DEF=DEF11#SW1- . - S R

NOSORT

DYM=AMAX1(0.0,AMIN1(CMIC, (PDYM1-RDYM)Y)) =~

~

I3

MFTpR=1N5w(-DYM,(5;072-(;276*D¥MDxftrFmpnﬁswlféH,o.O)”

oo

SORT

******x*x*ENERGY IN THE MILK*************i*******************

p

* s
5 * "
C S
) MCLV=MFTPR#*D1+D2
. MRE=DYM*NERM -
KL=.81-(.1/DIG)
 EM=MRE /KL
\\\‘/, ) T g : ) ' - ' | : ¥ .

xx¥xk**x FETAL GROVTH****************#***************%********

*

FAREIRKA KKK ERERRKERKR KRR KRR AR KKK AKX KRR XX x %%k xx*CONCEPTION TIME
GSTIM1=INSW((TIME-T),0.0,TIME-T)
GSTIM=INSW(GSTIM1*GL GSTIM1,0.0)

************************************************FETAL WEIGHT

FWT 1= R1*EXP(R2*GSTIM R3*GSTIM**2)
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FWT=INSW(‘GSTIM,FWT1,0.0)

**i****#*********#**#**************RETENTION ENERGY IN FETUS

’

. E]

FRE1=F 1% (F2-2,*F3*GSTIM) *EXP(F2*GSTIM-F3*GSTIM*2) %, 0094

FREZ=P1*(P2—2.:P3*GSTIM)*EXP(P?*GSTIM-P3*GSTIM*f2)*5.6
FRE=INSW(-GSTIM,(FRE1+FRé23,0.0)
‘xp=.375*nzs—;05 - oo
EFT=FRE/KP - )

“**£¥**************¥*********f****¥*****TECHNICAL ADJUSTﬁENTS

NOSORT
IF(GSTIM.EQ.GL-1) CBWT=FWT
1F(TIME.NE.CVDATE+1) GO TO 555 -

CWT 1=CAWTY |
555 CONTINUE
SORT

L
FCM=DYM*-, 4+DYM*MFTPR*, 15 ; .

¥Ekkxxxxxx*xCALF PRODUCTIONQkf*******************************
KXRKKKKKRKkKRKk Kk kX kkkkxx%*CALF MILK CAPACITY‘(LIQUID & ENERGY)
CMIC=INSW(-LACTIM,CMIC1, (CBWT**.5332)*.93)

CMIC1=AMIN1((CWT*%.5332)%.93, ((CWT+%.67272)%.3678) /(MCLV*.9))

*#*******#*******ﬁILK'S METABOLIZABLE ENERGY VALUE FOR CALF

MMECF=DYM* , 9*MCLV
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*x*xkxx*xx*CALF GROVTH \ ,
GAIN1=AMAX1(0.0, (MMECF*.179)-(.00033%(CWTX*%1.5)))
NOSORT | |
IF(CWTX.GT.CWT) GO TO 964
IF(QAIN1.GT.GNSAV1§ LACTIN=LACTID
' GRPO=(1,- (GRPT*LACTIN**GRP2) )
964 CONTIﬁUE:
SORT o
********************************#******f*********CALF WQIGHT
| CAWT1=XINTGRL(0.0,GAIN1))
CAWT=CAWT 1-CWT 1 h
CWT=(CBWT+CAWT)*SWITCH R : %
CWTX=INSW(LACTID-150.,CWTX 1, CWTX2+GNSAV2) *SWITCH
CWTX3=&NSW(LACTID—70.;wa,(GRPO+(GRP1*LACTID**GRP2))*CWT)

CWTX1=INSW(GNSAV1-GAIN1,CWTX3, (GRPO+(GRP1*LACTID**GRP2) ) *CWT)

GAIN2=FCNSW(GAIN1-GNSAV1,CWTX~-CWTX2,GNSAV2,GAIN1)

****************************************************CALFlVFI

NOSORT
| IF(LACTID.EQ. 1) CWTX=CWT
GNSAV1=GAIN1
GNSAV2=GAIN2
CWTX2=CWTX |
IF(GAIN2.EQ.0) GO TO 176
gNER=(50543§*GA1N2+.00824*(GA1N2**2))*CWTX**.?S

CFTGN:(((CNER/GAINZ)—1;23)/8.6)/.35
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I ST ' '
CFFGN=1.-CFTGN - S
CDIG=DIG1#(1.-F*(20.-TEMP)) e
CKM=.54+,24%CDIG
‘CRF=(.660*CDIGE.07)*CFFGN+(.333*CDIG+.148)*CFTGN
QMEM=((.077*CWTx**;75)*(1.+.008x(20-TEMP5))/CKM'
CMEGR=CNER/CKF B
CDEM=CDIG*4.112-.115
CDDMIP=(AMAX1(0.0, (CMEGR+CMEM~MMECF ) /CDEM) ) *SW1

176 CONTINUE |

SORT

*

%

_ : ' - ~\
%X -

*¥**k*xx*x%x*xENERGY BALANCE IN COW ********4************#*******‘

*

*

"EDIF2=(EFD—EDM)
EDI?1=INSW(EDIF2,EDIF2*}§O,EDIF2*KFY
EDIF=EDIF{+EBD"

******************************#****ENERGY DEMA MCAL /DAY ME

EDM=INSW(-TIME, BM+EM+EFT+EMH,EFD) . /

. *¥*%x*x*x*ENERGY FOR MAINTENANCE AND UTILIZAbeN EFFICIENCIES

BM= (MEM* (1.+0.008% (20-TEMP) ) ) /KM
KF=1NSW(—LACTIM,f62,,oé+.662*DIG)
COND=1.- (RES2/EBW) _ w
MEM1=£,O77*EBW*%.75)*COND

MEM=INSW(—LACTID,MEM1*J.007,MEM1)
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I3

KM=0.54+0,24%DIG
£ FCM=DYM*0. 4+DYM*MFTPR#0. 15 )
“x TEDM=INTGRL (20. , EDM) \
. : \

, ****ENERGY CONCENTRATION IN THF FEED AND MAINTENANCE LEVEL
. - DME=DIG#4.112-.115
.EFD=DME*DMIN o - ‘ co
L1=EEb/BM
NOSORT

CVGN=4.91 | |
IF(EbIFiZGT.o.AND;RESAvg.ﬂT..20.AND;LACTI&.GT.0)

CVGN=3.50

<

SORT

*

L

*¥EXKkkAA Kk XKBODY WEIGHT*KF kKKK kR kk kKX KRRK KR RRKKKRRKRERR KRk Kk &

*

. . e \\\
FW=INSW(-TIME,0.0,CBWT)

.
-~

*******************i****************Cow\biyg WEIGHT AND GAIN

.

WCOW=(EBW1/G2)+RES2+FWT+FW

*XXX*X¥X****x**RESERVE DEPOT WEIGHT &‘GAIp AND EMPTY BODY

GAIN o |
~ RES22=(RES-RSAVE) /CVGN, )
RES2=INTGRL (RES 12, RES22) ‘
,
*
* N | » /
*

***¥***¥**BQDY RESERVE éALANCE**************************#*



i

. '*‘
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| \
RES 1=INTGRL(0.0,RESCH)

- RES=RESI+RES |
PDRU=RES*RESUS -
RES¢H=INSW(EbIF1,ELOSS,EGAIN)
'ELOSS=LIMIT(-PDRU,O.ZELOSSI)

. ELOSS 1=INSW(RES+ELOSS2,0.0, ELOSS2)
ELOSS2= (EDIF1). |

EGAIN=INSW(EDIF1,.0,EDIF1)

~

§
~

*******TIMING*****i**********************************i****

NOSORT

o

19

A # -

- IF(TIME-T.LT.330.0R.EDIF1.LT.0.0) GO TO 19

T2=TIME
o e
IF (MONTH.LT.BREDAY) GO.TO 19

T1=TIME |
IF (RESAVE.LT..12.0R.RESAVE.GT.20) GO TO 19
T=TIME |

RESAVE=RES2/EBW o

'RSAVE=RES

IF(GSTIM.EQ. (GL-1)) CVDATE=TIME

‘IF(TIME.EQ.CVDATE+1) CVD=TIME

o

DAYS=AFGEN (FDAYS, MONTH )

MONTehoy%H

MONTH=INSW(TIMM-DAYS, MONT , MONT+ 1. )



8

" DMPP=A

IF(MONTH.EQ.13) MONTH=1.

IF(TIMM.EQ.DAYS) TIMM=0.
TIMM=TIMM+ 1. R , |
IF(MONTH.NE.4) GO TO
. IF(TIMM.LT.2) HQ=TIME \
.1 CONTINUE |
SORT L
AR . - - | i
3* 5 ¢

KkEREERRKGRAZINGHH Rk kKX KKK RKRRR AR AR KR KK RARKKE KK KKK

o

#%x%%%%x**VOLUNTARY DRY MATTER INTAKE OF COW(KG/DAY)

VDMI =PDMIN o, .

*%**********************************DAYS OF GRAZING “

e

HRA=TIME-HQ

‘}************y***********PASTURE PRODUCTION (KG/HA)

DMPP 1=INSW(HRA-200., (MAXDMP* (1,-EXP(~.0121%HRA))),2000.)
*****#*********DAILY PASTURE PRODUCTIQN (KG/HA/DAY)

DDMP=DER4(0.0,DMPP1)

******ﬁi*********#***NET PASTURE LEFT AFTER GRAiiNG

X1(0.0,DMPP1-DMIP) -

*#***********CRUDE,FIBER,IN PASTURE & DIGESTIBILITY |
CFP=AFGEN(FCFP,MONTH)

pE _ ,
XEXKKEXK KX K k*k X% **¥*PASTURE AVAILABILITY (KG/HA/DAY)

AVI=AMIN1(1.,.0007*DMPP)

DMAP=DMPP*AVI

*ANIDP=AFGEN ( FANIDP, MONTH )

VDMI P=VDMI *ANIDP

290
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~

%

DDMIP1=AMIN 1 (DMAP, VDMIR)
kxREFkEERxXX XX xx%k%ACTUAL PASTURE DRY MATTER INTAKE
*********i*****i************************(KG/HA/DAy)
DpMIp=stw(HRA—DELAY1,0.0,DDMIP1)Q
************************g****iif****(KG/ANIMAL/DAY)
DDMI P2=DDMI P/ANIDP
NOSORT ' .
IF(HRA.EQ. 1.AND, TIME.GT. 11) DMI=D§XP1
' SORT. . ,A
‘QpM=IﬁSW(M1-8.,DDMIP+CDDMIP*ANIDP,O;0)
DMIP1=INTGRL(0.0, (DDM))
DMI P=DMI P 1-DMI
NOSORT
i
****;**SUPPLEMENTATION************************#****
.
IF (MONTH.GT. 4) M1=MONTH-4.
IF (MONTH.LE. 4) M1=MoﬁTH+8.
SU=6.5 ! |
® IF (MONTH.EQ.4.AND.TIMM.GT. 10) SU=DDMIP2
IF (MONTH.EQ.4 .AND.TIMM.LE.10) SU=PDMIN |
DbM193=INsw(ME—8.,Dnulpz,su)
CF=stw(M1—8.,cép;3o;).
GR=INSW(M1-8.,0.0,.07) |
1F(M0NTH.NE.4.OR.TIMM.GT.10) GO TO 137
CF=30. |

¢ GR=0.0
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137 CONTINUE
SORT - K . : ,
*
x
¥k kkkkk kX ¥CRITICAL ENVIRONMENT Xk kkkkkkkkkkk KRk kR K KKK KKK &
x
KEEXKRXKKKK KKK KEXRRXXRXXKRK KKk k*k*x*x*xxCRITICAL TEMPERATURE
TC=(39.+(0.36%IE)-H* (IE+ITT))
SA=0.09*WCOW*x .67
Z1=INSW(TEMP-TC,1.,0.)

_ ! |
: TN
¥* £k kX k% k% *xx*xADDITIONAL ENERGY Rgg'Pon{ TEMP. MAINTENANCE

EMH=21%SA* (TC-TEMP) /(ITT+IE) )

H1=(EFD- (MRE+FRE) )

H=H1/sa L
FERXRRKKREXXRKX KR KKk x*x%xx*x* INSULATION AND CLIMATIC FACTbRS

ITT=AFGEN(FNCIT,LWT) |

IE=AFGEN(FNCIE,WSPD)

WSPD=1.1
**#*********#***********EXPERIMENTAL‘VALUES FOR VALIDATION,
NOSORT L |

WCOWX=INSW(TIME~-551, , AFGEN (FHEWTX, TIME) , WCOW)

IF(BREED.EQ.1) GO TO 188

WCOWX=INSW(TIME-551. ,AFGEN(FSYWTX, TIME) , WCOW)

IF(BREED.EQ.2) GO TO 188

WCOWX=INSW(TIME-551. ,AFGEN(FDYWTX, TIME) , WCOW)
188 CO&TINUE’ '

SORT

.
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*xxxxVALUES OF PARAMETERS AND EXTERNAL TABULAR FUNCTIONSs*=xx
*

£ 3
PARAM RESFC=0.196,RESUS=0.05,DEFO=0.,...
DEF1=0.1,DEF2=0.04,DEF3=20.,F=,0011, ...
T=75.0,CVDATE=0.0,DDMIP3=10.,CF=30.,...

WENDAY=180.}ANIDP=.8,MONTH54.,DELAY=O.O,BREDAY=6.,BREED=2.,...

D1=0.1122,D2=.299,G1=.90,KF=.620, ...
'R2=0.0738,R3=0.0001249,E1=0.1277, ...
E2=0.0082,E3=0.4864,MP=0.,FWT=0. ,GAIN1=0.,...

F1=.0007696,F2=.08é5,F3=.0001282,P1=.000586,P2=.0589,P3=.00009334

PARAM MAXDMP=2300.,...
DMIP=0.,TIMM=0.,GR=0.,DMPP1=0.

FUNCTION f
FDAYS=(1.,31),(2.,28.),(3.,31),(4.,30.),(5,,31.), ... |
(6.,30.),(7.,31.),(8.,31.),(9.,30.),(10.,31.),(11.,30.), (12.,31)
FUNCTION
FVILC=(0.,1.),(2.,1.2),(3.,1.32),(4.,1.33),(5.,1.34),...
(6.,1.33),(7.,1.24),(8.,1.22),(9.,1.20),(10.,1.14)

 FUNCTION FNCTP1=(1.,-12.4),(2.,-8.1),(3.,-5.6),...

(4.,7.7),(5.,12;7),(6.,15.7),(7.,20.1),(8.,20.4),...

(9. ,17. T30 6.3), (11.,-2.8),(12.,-10.0)

FUNCTION FNCTP2=(1.,-19.8),(2.,—3.4),(3.,-3.2),(4.,8.4),...
(5.,11.6),(6.,15.2),(7.,15.6),(8.,13.1),(9.,9,5),...
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(10.,5.1),(11.,-6.8),(12,,-18.6)

FUNCTION FNCIT-(40.,3.0);(100.,6.0),(300.,8.0),(600.,10.0)
YFUNCTION FNCIE=(1.0,17.),(10.,6.0) |

FUNCTION
FCFP=(1.,40.),(3.,40.),(4.,20.),(8.,25.),(9.,40.),...
(10.,40.),(12.,40.) ”

FUNCTION FHEWTX=(0.,475.),(28.,422.),(80.,463.),...

(153.;518.),(185.,517.),(284.,494.),(360.,493.),(392.;418.),...

(481.,485.),(515,,546.),(550.,517.),(760.,717.)

FUNCTION FSYWTX=(0.,525.),(28.,461.),(80.,508.),...

(153.,571.),(185.,565.),(284.,549.),(360.,540.),(392.,486.),...

(481.,543.),(515.,581.),(550.,545.),(760.,545.)
. A\

FUNCTION FDYWTX=(0.,520.),(28.,454.),(80.,500.),...

(153.,571.),(185.,542.),(284.,518.),(360.,537.),(392.,470.),..

(481.,544.),(515.,580.),(550.,530.),(760.,530.)

. *FUNCTION |
FANIDP=(1.,1.0),(3.,1.0),(4.,.8),(5.,.8),(6..0.8),...
#(8.,0.8),(9.,.8),(11.,.8),(12.,1.0)

METHOD RECT ° \

PRINT
WCOW,WCOWX,EBW,LWT,DIG,DMIN,PDMIN,CDDMIP,FWT,CWTX;EFD,...

‘EDM,FCM,DYM,RDYM,DEF,MFTPR,RESZ,RESAVE,TIME,T,T1,T2,CVDATE,...

EDIF1,EDIF, PDRU,EMH,H1,BM,LI, TEMP,TC ,MONTH,CWT, ...



GAIN1,GAIN2,DMI ,DMPP

TIMER FINTIM=760.,DELT=1.0, PRDEL=20.
END

STOP

ENDJOB

$RUN *FORTG SCARDS=-CSMP#7

$RUN *CSMPEXEC+-LOAD#+SIMOUT.O+*CSMPLIB

15=~PLINFO 6=-8

295
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RUN «CSMPTRAN 4
TITLE PERTILITY MODEL  --=-====- (FER.82)
SEEREBEAEREBRIENEFINERNNBENOS

/ DIMENSION X(7),Y(7)

/ DATA X/0.,1100.,1450.,1800%.,2150.,2500.,2850./
/ DATA Y/88.,60.,50.,55.,62.,80.,43./

FIXED J

FUNCTION

FFERT=(0.,0.), (40.,.20),(50.,.45),(60.,.61),(70.,.79), ..
(80.,.88),(90.,.92),(200.,.95)
FUNCTION | .
FBULL=(0.,0.),(5.,.05),(15,,.20),(25.,.50),(35.,.80),...
(45.,.90),(55.,.95),(65.,1.),(285.,1.)
FUNCTION |
FDAYS=(1.,31),(2.,28.),(3.,31),(4.,30.),(5.,31.),...

(6.,30.),(7.,31.),(8.,31.),(9.,30.),(10.,31.),(11.,30.),(12.,31)

PARAM

BIM=6.,BID=1.,BOD=90.,TIMM=0.,MONTH=4., TBULL=0. ,CVTIME=380.

J=1 '

DYNAMIC

‘********

NOSORT | |
DAYS=AFGEN (FDAYS , MONTH)
MONT=MONTH |

MONTH=INSW(TIMM—DAYS,MONT,MONT+1.)~
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IF(MONTH.EQ. 13) MONTH=1.
IF(TIMM.EQ.DAYS) TIMM=0.
TIMM=TIMM+ 1,
IF(TIME.NE.X(J)) GO TO 1
CVTIME=X(J)
BTIME=Y(J)
J=J+1,
FERT i=,8/(AFGEN (FFERT, BTIME) )
! CONTINUE

IF(TIME.EQ.0) GO TO 10
BBTIM1=TIME-CVTIME
IF(TIME.GE.CVTIME) GO TO 8 -,
BBTIM1=0,

8 CONTINUE
IF(TIME.GE.TBOUT) BBTIME=0
BBTIME=INSW(200.-BBTIM1,0,,BBTIM1)
FERT=AMIN1(.95, ((AFGEN(FFERT,BBTIME) ) *FERT1) )
IF(MONTH.EQ.BIM,.AND.MSAVE.EQ.BIM-1) TBULL=TIMé+BID
MSAVE=MONTH
IF(TBULL.GT.0) TBOUT=TBULL+BOD
TTBUL 1 =TIME-TBULL

A

IF(TIME.GE.TBULL.AND.TIME.LE.TBOUT) GO TO 9
TTBUL1=0. '

9 CONTINUE
TTBULL=INSW(120.-TTBUL1,0.,TTBUL1)
BULL=(AFGEN(FBULL, TTBULL) )

10 CONTINUE
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SQRT ' | .
FERTIL=FERT*BULL |

NOSORT -
SORT |

- TERMINAL

| kkkxkk¥k

TIMER FINTIM=150.,DELT=1.,PRDEL=10.
PRINT FERTIL,FERT1,FERT,BULL,TBOUT,TTBULL,BBTIME,MONTH
“METHOD RECT |

END

STOP

_ ENDJOB |

$RUN #FORTG SCARDS=-CSMP#7

$RUN *CSMPEXEC+-LOAD#+#*CSMPLIB 15=-PLINFO 6=-7
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SUMMARY IN HEBREW
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