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ABSTRACT

In the absence of quantitative data from the practical
farm situation, Linear Frogramming (L.P,), was used as a frame-
work for collecting research information on an intensive beef
grazing system,

Three hundred pasture production activities were defin;ed
so that pasture was available for grazing at two grazing sever-
ities in each of 30 periods throughout the year, after a range
of spelling lengths., Seveunteen supplementary feedmaking act-
ivities allowed hay or silagec to be muade over the late spring,
early summer period., Supplementary f{eed could be fed out in
any period of the year subject to the constraint that per
animal intake of supplementary feed did not exceed maintenance
requirement,

Animals considered by the model are Friesian bulls
purchased at three months c¢f age, and 100 Kg. liveweight, and
grazed within the system for 12 - 18 months, until they reached
a livewcight of 380 Kg. Animal requirements were calculated
as a function of liveweight and level of liveweight gain.

These requirements were expressed in terms of pasture dry
matter per animal, and werc adjusted for assumed changes in
the available energy (M.E.) content of pasture throughout the
year,

Although the model could not be verified in relation to
the real-life situation, due to lack of guantitative data, the
capability of the model for solving farm management problems
was investigated. An iterative procedure for solving the
stocking-rate decision was developed, and results prescnted
and analysed, The use of the model for investigation of beef

farm management problems was discussed.



CHAPTER ONE

MOTIVATION, OBJECTIVES AND CUTLIHE OF STUDY

1.1 Introduction

The amount of beef produced in New Zealand has increased markedly
in the past decade. Table 1.1 shows that the weight of beef exported
has nearly doubled in the period 1963/64 to 1972/73. The F.0.B. value

of beef exports has increased over four times in that period.

While the numnbters of traditional beef animals have increased over
this period. much of the increase can be attributed to the retention of
surplus dairy-bred calves {or beef producticn purposes. Slaughter
statistics do not differentiate between the heifers and steers of tradi-
tional beef orizin (e.g. Hereford or Aberdeen Angus) and those animals
bred from the dairy herd (e,g. Friesian or Friesian Crossbred). However,
the munbers of bulls slaughtered, presented in Table 1.2, 1llustrate the
trend towards dairy bred animals. In the 1907/08 killing season,
practically all of the 77,000 bulls slaughtered were cull breediag bulls
from the dairy indusiry. The increase to 255,000 bulls slaughiered in
the 1972/73 season was almost entirely due to the reteintion of daliry btred

bulls for beef production,
Many of the increased number of beef animals now grazed in New

Zealand, are intensively grazed on farms that were previously dairy faras

or fat-lamb faras.

1.1.1 lIntensive Grazing Systems

Stocking rate, class of animals grazed and the interval between
movement of animals to fresh pasture (grazing interval), are three of \
the coatrol measures exerted by the manager over animal intake and pasture
regrowtn. These control measures can be manipulated by the graziag .
systems manager in an attemnt tn equate the amount cf feed eaten with
aninal feed requirements and to take account of factors known to be
important in affectiag the regsrowth of pasture, especially the heigut

to which pasture is zrazed and the interval between suscessive grazings.



Table 1,1
AOUIT AND VALUE OF BEEF EXPORTS FROM NEW ZEALAND

Year Ending;31 June Amount (,000 cwt) Value ($,000 F.0,8.)
1964 2,148 51,698
1965 2,173 51,576
1966 1,798 48,812
1967 1,946 58,725
1968 2,195 75,462
1969 2,457 101,260
1970 3,302 143,277
1971 _ 3,376 159,663
1972 3,516 178,250
197 3,842 229,435

(Source: Agricultural Statistics, Dept. of Statistics, 1903/64 - 1972/73)

Table 1.2
NUMBER OF BULLS SLAUGHTERED IN NBEW ZEALASND

Year Ending 31 Cctober Number (,000)
1968 Y]
1969 94,2
1970 132.1
1971 170. 3
1972 238.2
1973 257.8

(Source: Agbrief, Economics Division, Ministry of Agriculture
and Fisheries, October 1972, October 1973)
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1.1.1 Intensive Grazing Systems (Continued)

Althcugh there is no cemnonly accepted standare by whkich the
relative intensity of a grazing system may be measured, intensive
‘grazing systems are characterised by high stocking rates and the frequent
movement of animals to fresh pasture (rotatioaal grazing). Inteasive
grazing systems are associated with a high degree of managerial control
over animal intake and pasture regrowth, In comparison with less in-
tensive grazing systems such as set-stocking, rotational grazing systems
have frequently been associated with higher stocking rates and increased

animal output per uanit area.

1.2 Motivatioa For This Study

The author worked for 15 wonths in 1971/72 as a2 fam advisor in
the North Taranaki area. Many farmers at that time had either vholely
or partially changed over from running dairy cattle to farming systeans
involving the production of beef. Farmer experience wiin intensively
grazed dairy production systems and the suitability of their land for
intensive rotationally grazed systems, have coniributed to thie evolution

of inteasively grazed beef production systeus.

Lattimore (1970) and Lowe (1971) investigated the reasons why
farmers changed to beef production from dairying and sheep faraing re-
spectively. These studies cited a better outlook for beef prices
relative to dairy prices on world markets at that time, and reduced
labour requirements of beef farning compared with sheep or dairy farm-
ing as reason for changing farning systems over to beef production.

Lowe (1971) and Lattimore (1970) also investigated the profit-
ability of beef production in relation to sheep and dairy ferning systems
on case study farms, Under a wide range of prices and farwing conditions
they concluded that beef production was an economically viable alternative

to both dairying and sheep famniag,

While the findings of lowe (1971) and Lattimore (1979)) may be
valid, wany of the production relationships involved in beef producition

‘<1) -

systems based on the intensive grazing of pasture remain unkaown.'
.

(1) A detailed account of the approaches used by lowe and Lattimore is
given in Sect. 2.3.1. =



-4 -

Because of the lack of published infofmation on many seemingly important

relationships .(e.g. the relationship between available pasture and

“ pasture intake) the comnarison of one farmer's system with others, in

the hope of recognizing managerial aeficiencies and being able to suggest

more economically efficient systems, is at best a rather hazardous task.
To evaluate the effect of management on beef production using a

farm survey would have involved collecting data from farmers who nad:

1. accurately recorded management decisions they had
made throughout the beef production process.

2. measured, or at least estimated, and recorded
interuediary system outputs (i,e. pasture production

and daily liveweight gains).

At the time this study was initiated, many beef farmers had
started regular weighing of beef aninals to estimate dally liveweight
gain throughout ths year. Very few, however, recorded accurately the
managenent decisions they had made (areas of pasture grazed, rotation
length), and virtually none measured or estimated either pasture growth

rates or the amount of pasture available at each grazing.

In these circuastances the concept of "systems research" and in
particular the construction of a mathematical model of the systea in
question, is recognized as a means of aggregating the information that
is known about beef production systems and also as a means of coaducting
some prelinminary investigations into the effect of grazing management

on beef production,

1.2.1 The Systems Research Concent

Dent and Anderson (1971) state that:

"a system implies a complex of factors that are interrelated,
1t implies interaction between these factors, and it implies
that a conceptual boundary may be erected around the complex

as a limit to 1ts organisational autonomy"
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Clearly, where a farmer, or someone investigating a beef production
system is concerned, the "complex of factors" referred to above will at
least include animals, :asture, an area of land supporting that pasture,
climatic factors and market factors, as well as all the interrelation-

ships that may exist between these factors,
Dent and Anderson (1971) continue:

"ost situations that may be profitably looked at in
this light have important dynamic elements associated
with them, so that the state of the system is time-
depeadant, The state of the system is also frequently
influenced by uncontrollable elements so that its future

outcomes cannot be predicted with certainty."

Boeef production systems are "dynamic!" in the sense referred to
above since the state of the system at any peint in the production pro-
cess 1ls dependant on the outcome of decisions taken prior to that point.
For example, the pasturs available at any time will bear some relation-
ship to the area of pasture grazed and the pasture residue at previous
grazings. Also the Jivewelight of the amimals at any time depends on
the level of livewelght galn achieved earlier in the procduction process.

"The "uncontrollable eleuwents" witiin a beef production system are the
climatic and market factors which affect the amount of produce to be

sold and the value of that produce.
Wright (1971) has used the term systems research to:

"encompass all activities involving the study of large

and complex systems",

To overcome problems with teruwinology wWright defined attemwts
to modify systems by either manipulating relationships within existing
systems (conlrol) or designing completely new systems (design) as
Systems Synthesis. In order to carry out either the design or control -
aspects of systems synthesis, it is necessary to study in detail re-
lationships involved in that system, This study has been referred to

by Wright (1971) as Systems Analysis.
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Analysis and Synthesis were viewed by Wright (1971) as distinct
but interdeperidant components of systems research since the demand for
analysis was created by synthesis and the results from analysis to be

of use, had to be subjected to some form of synthesis.

While the design and control are clearly aspects of systems
synthesis, the analysis phase of systems research can also be divided
into two distinct aspects; aspects that are distinct in their timing
with regard to systems synthesis. This division of systems analysis
is shown in Fig, 1.1. Any research project will logically begin with
a study of the components involved in the systeirn being studied and re-
lationships between these components (referred to in Fig., 1.1 as Compo-
nents Analysis). Given this informnation, some attempt can be made to

modify the system by either:

1. 1ihtroducing new components into the system.
That is, design, as defined by Wright (1971)
e.g. the introduction of a summer green-feed
crop into a grass-based production system.

or '

2. manipulating relationships between components
in the system.  That is, coatrol, in Wright's
(1971) definition, e.g. altering the length of
spell between grazings.

or

3, some combination of 1. and 2.

Having made such modifications the researcher will then be interested
in studying output from the system and relating this output to the system
as he has "synthesized" it, (referred to as Output Analysis in Fig., 1.1).
The researcher might then be interested in further analysing the components
and relationships within the system to see how output may be further im-
provad. The research vrocess of Components Analysis, Synthesis and Qutput
Analysis, then becomes iterative and continues for as long as further

understanding and improvement of the system is required.

This expansion of systems analysis i1ato component and output

analysisis presented so that analytical aspects of research may be

discussed in this study in a more specific manner. [he term Systems
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1.2.1 The Systems Rescarch Concept (Continued)
Analysis will be used ouly with rcference to both component and output

analysis.

In practice, Wright (1971) states systems resecarch is characterisecd
by a systems orientation, an interdisciplinary approach and the use of

systems models,

That problems should be studied in relestion to the whole system
(systems orientation) is generzlly well acccpted. For example, stall-
feeding experiments involving becf animals may be nccessary in dctermining
the feed requirements of beef aniumals. However, unless some atticmpt is
made to relate these results to the grazing situation, they may be of
little use to the majority of New Zealzind beef producers.

Because of the complex nature of usgricultural grazing systewms,
rescarch into the various comwonents of systews has become rather
specialised, For example, a dairy scientist tends to be trained in
and works on, matters pertaining to animels and in particular dairy

aninmals.

While this specialisation may bte necessary for the znalysis
aspect of research, synthesis, as discusscd above, relies heavily on
an interdisciplinary approach i,e, a cooperative effort between animal
scientists and plant scientists may come closer to defining facteors that
affect the utilisation of pasture by grazing animele, thun one or other

of the two viewing the subject as a purely "plznt" or "animal" problem,

Both a systems orientation and interdisciplinary.research are
accepted by research workers as necessary, and to an increasing extent
are part of the current agricultural research effort in New Zealand,
Button (1973&) while discussing his approach to experimentation on

grazing systems stated: .

"It is a matter of establishing what the really important
things are and measuring them, Thinga such as feed
growth and distribution, system of conservation, when

tc feed back, animal requirements, when they can be varied-

etc....."
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The third characteristic of systems research mentioned on the
previous page, systems modelling, is however, neither widely accepted

nor proven to be of value to New Zealand agricultural research,

1.2.2 The Usefulness Of Mathematical System Models

Wright (1971) distinguishes between the descriptive and ncruative
use of models in systews research, In its descriptive application
a model may be useful as a means of reducing the real-world sycstem to
manageable proportions and focusing attention on aspects where knowledge
is limited, and to generally gain a better understanding of the system
under study. Models are used in a normative fashion to solve problems.
In this application, models are characterised by some objective functicn
which allows the analyst wo evaluate different decisioan rules for an

existing or new systen,

Joblin (1970) while reviewing the nutrition and management of
beef cattle under New Zealand conditions, suggested that detailed re-
search work is needed on the feed requirements of the various types and
classes of beef cattle for maintenance and production, He also suggestea
that more research is needed on the fecding value of pasture fodders ana
crops. Mathematical modelling of feed requirements and feed production
data could be used to describe a range of promising management systems
which could thein be tested by large faralet-{ype experiments. Data
collected from these "expensive" management trials on the productiocn
parameters involved would recognise variation from the original models

and be used to correct future modelling exercises,

The estublishment of a research plan as suggested by Joblin (1970)
(involving the complementary use of physical and model research) may prove
beneficial to the gathering of information on beef production systems,
However, uantil such a research programwe is attempiled, the actual advan--
tages of modelling in determnining management systems to be investigated -

by physical research can oniy be subjectively assessed, _,1}

In this study the author reslised at an early stage that. the
unavailability of suitable data would limit the degree of reality and .

usefulness that the model could achieve, particularly with relation to
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Joblin's (1970) suggestion of defining "promising management systems",
The wodelling exercise however, does provide a framework within which
knowledge about beef production can be discussed, and areas in which
further knowledge is required, can be outlined. Data limitations in
the context of a model bullding exercise are no more of a problem than
they are at the farm level where management decisions have to be, and

are, made every day.

Furthermore, the construction of a mathematicel modcl<1) bascd
on available information, will allow some experimentation to be carried
out to investigatec the effect of management on beef procuction, In
particular, the effect of length of epell between grazing znd the height
to which pasture is grazed are investigated in this study. While the

results of this experimentation are not "real" in thet they arc obtzined

[

from a model of the real situation, they can be discussed with regard
to the information on which the model is based, and comuent can be made

on how the model may be used if more information was availeble,
7

1.3 Objectives Of The Study

The prime objective of this study is to investigate the comronentes
within a beef production systenm. The lack of guantitetive dais availzable
from farmers involved with beef production has prompted the use of a
mathematical mcdel as a meuns of mecting this objective,

econda jective 1 nside he uscfulnes £ mathemalica
A secondary objecti is to consider ti fulne of th Lical

t

models, and in particular linear programming models, as a framework for
collecting the infomnation known about grazing management systems,

(descriptive) and for deriving improved menagement systems from the

results of experimentation with the model (nomative),

1.4 Thesis_ Outline :

Chzpter Two outlines the particular system studied, and the

(1) The actuval model used, and alternatives that may have been used,
are discussed in Sections 2,5 and 2,6, -
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components of that system, Research work (both physical and in the
"Systems" context) on the components is examined. The type of model
used in the study is presented and discussed in relation to other types

of models that may have been used.

Chapter Three discusses the pasture producticn component of the
system and outlines how the available knowledge is incorporated into

the model,

Two particular aspects of animal production are discussed in
Chapter Four, and the method by which they are included in the model
1s outlined. These two aspects are the utilisation of available
pasture by grazing animals, and the conversion of pasture intake to

animal production.

Chapter Five presents the results obtained from experimentation
with the model and discusses the type of experiments that may be run on

the model,

An evalvation of the study with regard to its goals and the

limitstions of the approach used are precented in Chapter Six.
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CLHA PO B R .. T .0

THE BEEF GRAZING SYSTEM

2.1 Introduction

The components and interaction between components involved in
beef production arc discussed. New Zealand rescarch work on pasture

production and the feed requirements of bteef animals are cxamined.
Mathematical modelling exercises are discussed in relation to
grazing management research, and the usefulness of Linear Programming

as a means of assisting this research is outlined.

Firally, the model used in this study is briefly described.

2.2 Components Of The Grazing System

As in other animal grezing systems, the basic management problen
in the production of veef from pasture is one of matching the feed
supplied with enimal requirements so that the farmer's goals are met,
While maximising net profit from a fixed area of land is ofien stated
as being the farmer's goal, this neecd not always be so. The extent
to which any particular faruer attempts to maximise profit will be
dependant on his aversion to risk, the extent to which he is prepared
to adopt new technology, and the amount of time he is prepared te put

into the farming enterprise.

It is possible, at least conceptually, to use modelling to
devise a management system that meets any particular farmer's goal.
This study is concerned with investigating all the components of beel
grazing systems in order that the effects of pasture menagement on beef .
production may be evaluated; 1in particular the number of animals that

can be run under different systems of pasture management is studied.

The components of production within a simplified dry land, =211

gress, beef production system are shown in Fig. 2.1, The couponents
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22 Component, Of The Grazing System (Continued)

are classificd 1nto three time-horizons with respect tc the time period

over which the grazing system manager may alter them,

In the long-term the manager may alter the system boundaries
of an area of land and hence the topography and soil-~type on which the
system is based. Between production years (medium-term) the manager
makes some decisions on the pasture species present, the amount of
fertiliser to be applied, and the number and type of animals to be
grazed, Within production years‘(short—tenn), at intervsls as short
as one day in many cases, the manager attempts to control the asmouat
and quality of pasture made available to the animals, which in conjunction
with the zmount of feed actually eaten, will deterwmine the animal pro-

duction achieved,

Exactly how the manager should menipulate these components to
achieve his goal is complicated by two characteristics of intensive
grazing systems, Firstly the interaction over time of the ccuponents
of both animal and pasture production, and secondly the uncerteinty
introduced into the system by climatic and market factors which zre

largely outside managerial control.

2.2.1 Interaction Of The System Components Over Time

The dynamic nature of an intensive beef grazing system is discussed
below, assuming that the long and medium-term system components outlined

in Section 2.1 are fixed and no supplementary feed (e.g. silage) is made.

Fig., 2.2 presents the interrelationships between variables that
determine animal production in some short period "t", of the year,

These interrelationships may be described by the following system of

equations: :
WP -
wwe Ytoo= £3(Ave py, Qg Ang ) (2.2)
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e = Iy E oy : (2.3)
Py = fp (Yy, Qp, 4ng) (2.4)
TPy = Py x ng (R.5)
where for period "t"
Avy = Totel pasture D.M. available
A = Area grazed
Dy = D.M., / Unit area
Yy = D.M. Inteke / Animal
ng = Number of animals
Q4 = Pasture quality
Any = Animal fectors
Cy = Total D.M. consumed
Py, . Production / Animal
TPy = Totel animal preduction
The variebles Ang, Qt, and Dt are "stete variables" in that they
are determined by management decisions in previous periods. The varisble

Aty 1s a "decision variable' in that the manager must decicde the area to
be grazed in peried '"t'f, The nwnber of animals within the systen (ﬁt)

is considersd to be fixed.
Now in some subsequent period of the year "t + k" where:

Wil = number of periods befcre pasture grazed in period
"t is grazed again
T = the climatic factors that affect pasture growth

over those "k'" periods

Dt + k = g1(B, k, T) _ (2.6)
Qt+ k = 8&(Rg, Wy, k, T) : (2.7)
An = t+k
t+ k };Pi (2,8)
i=t _

then the management decision made in period '"t'% on the area of pasture
grazed (At) clearly affects animal preduction in period, "t + k", sinca
the "state variables" of the system in period "t + k% are determined in

part by Ry, Wy, Py (from Bguation 2,6 - 2.8), From*Fig, 2.2 it can be
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Fig, 2.2
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2.2.1 Interacticn Of The Svstem Components Over Time (Continued)

seen that Ry and Wi, are determined by the "state vari.bles" in period
"t" and the area of pasture greazed (At) in that period, From equatiocns

2,1 - 2,4 Py is also determined by the decision on the area grazed (At),

2.2.2 Uncertzainty Within The System

As mentioned in Sect. 2,1 uncertainty is introduced into the

system by climatic and uwarket factors.

It has been illustrated in Sect, 2,2.1 that the decision to graze
a certain area in any period is based on knowledge of the systeu's state
variables in that period and the likely outcome of that decision on
state variabics in subsequent periods. The climatic factors represented
by T in equations 2,4 - 2,6 are not known with certazinty when the planning
exercise ig undertuken, The extent to which the manager "hedges" against
unknown future climatic conditions, particularly those which wmay result
in reduced pasture growth, will depend on his kaowledge of how the system
is likely to react, and his aversion to risk. The decisions on Lhe area
of pasture to be grazed in any period, and hence the amount of pasture
available for future grazings, and the nunber of animals grazed within
the systen, will vary depending on the particular manager's stete cf

knowledge and aversion to risk,

As shown in Fig, 2.1 the value of production from the system is
determined by the level of production that has been achieved up until
the time of sale and the markel factors that exist when the sale is made,
Hence, in some periods of the year, the manager must make a decision on
either selling animals under the current known market factors, or grazing
them within the system for further periods when their value will be
detennined by unknown future market faclors. The selling decision will _
depend on farmer goals, aversion to risk and knowledge of how the market .

ig likely to react.

While the analysis of the dynamic nature of the grazing system
discussed in Sect, 2.2 ,1 assuuned that animal nunbers remained constaat
the selling decision in any one period will affect animal production in

.

future periods, since the amount of pasture consumed will be affccted
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by the numbers of animals present in the system, The effect of pasture
consumed (Ct) on the state variables of the system in subsequent periods

has been discussed in Sect. 2. 2.l.

2.2.3 Summary Of System Components

‘o

The intensive beef grazing systen has been shown to be coumplex
in the number of componenis and interrelationships between components
it conteins, The manipulation of system components by the manager in
an attempt to meet his goals is complicated by th= interrelationships
between components over time and the uncertainty introduced by climatic

and market factors.

2.3 Recearch Work (n The Components Of A Beef Grszing System

Because of the relative insignificance of intensive beef pro-
duction as a form of famsing in New Zealand in the past, research re-
lating specifically to beef production ig minimal when compared to

other forms of livestock farming.

Wright (1973ahas preseated schematically (shown in Fig, 2.3)

how grazing systems evolve in practice,

The left-hand loop in Fig, 2.3 represents the process by which
the fammer makes changes to his farming system; the right-hand loop,
and the internal loop represent the research process, Thus, improve-

(1) (2)

is brought about by the results and observations of both farmers and

ment in system performance, ian either technical or cconomic terms

research workers.
The basic aim of research work should logically be to allow a

better understanding of systems being used (Systems Analysis as in

Sect. 1.2.1) to improve the control of these existing systems or aliow

(1) Technical system performance is measured by physical output e.g.
amount -of beef carcass produced/unit area.

(2) Economic system perforwance is measured by some financial output

e.g. net profit/unit area. . -
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more efficient systems to be designed. (Design and control are the
two aspects of Systems Synthesis discussed in Sect, 1.2,1). However,
as Campbell. (1961) points out, the ad hoc nature of some research has
often lead to confusion abeut grazing systems rather than to a clearer

understanding of the system.

The components and relationships presented in Fig's 2,17 and 2.2
are used as a basis for the following discussion on some of the New

Zealand research work on beef grazing systems.

2.3,1 Pasture Production And Grogzing Management

Much of the available information on the growth of pasture in
Hew Zealand can be attributed to Brougham's classical trials of the
mid-fifties (e.g. Brougham 1955, 50, 59), Brougrms rescarch invclved the
use of cutting treatments to simulate the grazing process, Factors
such as light interception and its relationship with pasture resicue,
radiation, moisture and pasture species, were recognised as key factors
in determining not only the amount of pasture that was produced over

timne, but also in the changes in rate of growth over time,

While cutting trials may not necessarily represent the pasture
that 1s available to grazing animals, or the pasture residue that re-
mains followling grazing by animals, they should vrovide some valuable

information oa the growth (regrowth) of pasture if:

1. length of spell between cuttings is varied so that the
shape of the pasture regrowth curve (the changes in

rates of growth) can be defined from the results,

2. the height down to which pasture is cut 1is measured
so that the effect of grazing severity on pasture

regrowth can be deternined.

3. some record is kept of the climatic factors that
occurred during the period of the cuttiing experiment
so that at least some hypothesis can be made atoutl the

effect of climate on pasture producticrn,

4. Some estimation of pasture quality (e.g. digestible

energy content) is attempted so that the value of
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the pasture produced under different cutting treatments
can be assessed in terms of the animal production it

may support.

Pasture production that is useful in the sense that it tekes
into account points 1, 2, 3 and 4, will be difficult to collect under

actual grazing situatiors because of:

1. the amount of research resources (e.g. land,
animals) necessary to include sufficient treat-
ments so that the effects of spelling length

and grazing height can be investigated

2. the difficulty involved in imposing grazing
height treatwments using animals, and in
measuring the height of grazing in an unevenly

grazed sward.

Brougham (1970) has overcome these difficulties to a certain
extent by imposing pasture managements (length of spell and grazing
height) in combinations, and at times of the year, that he considersd
critical on the basis of his earlier cutting trial work, Brougham has
shown in this work the beneficial efiect on total D.il, production of
hard-grazing a ryegrass—white clover sward in the winter and the detri-

ucntal effects of hard- grazing in the summer,

Apart from Breugham's research, very few other detzailed studies
are reported in lhe l1iterature.
data throughout New Zealand are the fertilizer and rate of growth trials
carried out by the Research Division (Field Research Section) of the
Ministry of Agriculture (as reported in the Annual Reports of that
Division), Such data do give some idea of pasture growth rates in
areas geographically removed from the main research areas,. However,
the lenzth of spell between cuttings and the height tc which pasture is
cut are seldom varied or reported on, Pasture quality is also seldom

reported on in these trials.

Stocking rates trials often measure pasture production as well
as animal production (e.g. MacLean et al 1970). However, the pasture

production in such trials is a result of the grazing management cpplied
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Fig, 2.3

THE EVOLUTIONARY DEVELOPMENT OF GRAZING MANAGE .IJT SYSTEMS
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2.3.1 Pasture Production And :razing Management (Continued)

in the trial, and while the pasture production achieved can be discussed
objectively in relation to the munagement practices used, it does not
necessarily provide information useful in constructing management systems
that are removed from the actual trial in time, location, or management

variables involved,

Similarly pasture producticn data obtained from fixed interval
grazing trials (i.e, where a 13 dsy rotation is compared with a 2v day
rotation throughout lactation, as in the dairy system trial conducled
at Waimate West, see Millar (1971)) are only applicable to the particular
stocking rates, and hence grazing intensities that were present in the
trial. Furthermore, it seems unlikely that one particular rotation
length will necessarily outyield some other rotation leagth throughout
all seasons of the year. Hence the 13 v's 26 days comparison, while
it may be important in one particular season of the year, may have little

application to commercial farming systems in other seasoas of the year,

Fig, 2.3 iwplies that grazing systems are "evolved' through a
process of considering what is known, maxking some hypothesis and testing
that hypothesis through either "micro" or '"macro" cxperiizents; aiid then

repeallng the process after evalualing thesc experiments,

That a more formal frsmework for evaluating the results of these
experiments way have led to a more efficient use of resecarch resources

in relation to pasture production studies is supported by two factors:

1. the large number of "stocking-rate", "fixed interval”
type experiients as opposed to detuiled pasture

production studies published in the literature,

2, the lack of quantitative data available in the
literature on the relationships between pasture .
managenent and pasture production,

2.3.2 Animal Production And Feed Reguirements

It is of interest to note that in a symposium on the nutritional
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requirements of livestock reported in the Proceedings of the New Zealand
Society of Animal Production in 1901, while dairy cadttle, sheep and swine

were discussed, no ment.oa was made of beef cattle,

The Annual Report of the Research Division of the Finistry of
Agriculture (1965/69) reviews trials on beef production in progress atb
that time. These included coaparisons of the growth rates of calves
born in either the spring or the autunn; feeding trials where risiag
one-year and rising two-year cattle were fed a range of conserved feeds
plus autumn saved pasture at two stocking rates; digestibility trials
using sheep and cattle being fed a range of those consarvad feeds and
pasture and a study of beef production from various breeds and crosses

of traditional beef and dairy-bred stock,
The Research Division Report (1966/67) stated:

"In the past beef cattle........ feeding aud wmzanagement

prograunes were not designed to produce high outputs of

beef meat per acre, To achieve lliese efficiently and

competively with other systems of livestock faraiag,

data are required oa systems of grass producticn,

managemenl, and utilisation appropriate to beef preduction

and ylelds from these must bes assessed relative to those

from alternative and coapetitive types of livestock

faraiang."

A trial started at that time (reported by Joyce (1970)) compared
dairy beef as a production altermative to wethers and breeding ewes at
a raage of stocking rates, Many other beef production trials have been
initiated since 1966/67 (e.,g. MacLeaa et al (1970)). However the em-
phasis tends to have been placed on ascertaining production possibilities
under some predetermined managemeniu system, comparing beef production
in differeat environments or comparing differences in performance between
breeds or sexes, rather than an snalytical research looking at ths coa-

ponents and interrelationships discussed in Section 2, 2.1,

An exception to this trend is the work reported by Heardon
(1975) in which the respounses in liveweight gain to suppleumeatary
feeding have been studied. 4 range of pasture availabilities aad

supplenentary feeds were supplied to the animals, ¢ well as measuring
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animal intakes under the different treatments, the relationships
between available pasture and animal intake were studied. Some infor-
nation was alsc recordec on the effect of pasture residue on pasture

regrowth,

In 1971 when reviewing the feed requirements of bLeef animals

for maintenance and production in HNew Zealand, Joyce (1971) stated:

"apy recommendation other than the maintenance requirements
of cattle lie between 90 and 270 M.Cg]l. of metabolizable
energy (M.Eé) per kilogram of metabolic liveweight....,..

would be a gross oversiuplification of tae preblem, '

Discussing the requirement above maintenance for beef production

Joyce (1971) concluded:

(1) Results from grazing experiments ia Hew Zealand,
while agreelng in genersl with the utilisation
of M.E. fed above mzintenance as laid down in
feeding standards, iadicate that the total feed
reguirements are censiderably in cxcess of these

standards,

(2) The type of expzrimentation carried out over past
years in Hew Zealand has not led to any marked
advance in defining fecd reguirements of grazing
beef cattle ian New Zealand. Vhen cattle fecding
experiments are lald down they snould be desigaed
so that lutakes can be interpreted in terms of:

(a) liveweight

(b) Rate of gain

(c) Type of diet
Until this is done it is doubtful if any worthwhile
progress will be made in defining tiac optimum feeding

levels for cattle under New Zealand grazing conditions."

2.3.3 The Use Of Researcn Data In This Study

This study is an attemplt to use systems modelling as a means of



- 25 -

aggregating the information known about beef production systems in a
form that can be experiuented with, so that some conclusicns can be

drawit on the effect of grazing managemeal on beef prodaction,

Whether or not a modelling study such as this can contribute to
the efficiency of the evolutionary nature of the research process
described in Fig, 2.3 will only bkec determined when similar studies are
run in conjunction with physical research projects and some (subjective)

attenpt is made to evaluate the coatribution of the wmodelling exercise,

As this study was carried out ia isolation from any physical
research work on becf production, the modelling exercise provides oaly
a framework for collecting available information and a chance t» evaluate
the suitability of ldinear Programning as a modelling techalque for stadying

grazing system problens.

2ile Systems Modelling Studies On Beef Production In New Zealand

2.4.1 The Profitability Studiss OFf Tatiimore (1970) Aad Lowe (1971).

The objective of Lattimores's study was:

"to examine in detail the economics of beef productinn fron
retained (or purchased) calves on the dsiry farmswhere

these calves are available at present."

A survey of mixed beef-dairy farms was carried out to obtain the
ideas, and experience of a large number of fammers, on the various facets
of beef production, Given this information and the technical data
available, a Linear Programming model was then coastructed to evaluate

the profitability of beef production on lhree selected case-study famms,

The optimisation routine of the linear Prograaming technique .
allowed the resource (lund, feed supply, labour) structurs of each far
to be allocated simultaneously to various production possibilities

(dairy and beef) so that profit from tnec use of those resources could

be maximised. Optimal faru plans were obtained under a range of dairy
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and beef prices.

Lattimore pointed out that the major limitation of the study
was application of the results to other farms that have varyiang resource
structures. In particular, he referred to the working capital require-
ments between farms, the variation in land type between fanrs, the
avallability of labour, and the organisational skills that differeant

farners possess,

.However, the validity of Lattimore's study also depends on the
accuracy with which he has defined the relationship between available
feed and animal production. The approach used was to define availlable
feed in each month of the year by multipiying the case-study farms'
actual stock carried by the animal feed reguirewents of those stock for
each month c¢f the year, The amount of fecd available was then assumed
not to vary whether the farm was running dairy cattle, beefl cattle, or
any combiaalion of the two. Hence the effect of graziag management was
not included in the study. lattinore recognises this fact and states

that within the scope of his study:

"the analysis of the case fars was conceraed with the

feasibility and profitability of substituting beef cattle

for dairy cows at a similar stockiag rate to that cperatiag

on the farm at present.”

Lattimore was interested in how soume predetermined beef production
Vel

activities may be substituted tor the dairy [arning activitics be nn

Fg ¥
e

(]

on the farm, Devising more efficient beeil' grazing systems was oucside

the scope of his study.
Lowe (1971) stated that the objectives of his study were:

"(1) to investigate the various aspecte of bezf producing
systems and find which system is likely to retura
most net profit to the fammer.

and
(2) to compare beef production systems with sheep farniag

systems on a profitability basis."
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Again relevant information was collected from a large nunber of
farmers who had some experience with the system being sludied; and feed
supply, calculated from estimates of the requirements of stock already
being run on the farm, was allocated to various stock alteraatives so
as to maximise profits. A linear Programming model was used for the
calculation of optimal stocking policies over a range of product (sheep

and beef) prices.

As in Lattimore's study, the effect of management on output from
the system is only considered to the exteat that the model could choose
between various stock policies, the feed requirements of which had been
predetermined. The possibility of eltering feed supply by pasture
managemnent other than that needed to meet the requirements of thie pro--

duction possibilities outlined is not considered.

Despite the rather restrictive management possibilities inherent
in lowe's und ILattimore's studies, they do provide information on

f
grazing systews that is complewnentary to that information produced oy

physical research,

They allow available research inforaztion to be assembled, they
allow production possibilities defined by that research infcoraation and
by farners' experience to be outlined, and they investigate how those
production possibilitics may be most econoaically combined witnin the

resource structure of commnercial farms,

N

The sludies of lowe and ¢ do not
they intendasd to, provide information on how beef production systems may
be run more efficiently by altering the relationships between available
pasture, pasture consuned and future pasture growth. Rathar their
approach is one of wmaximisiag returas from a given amount of available
pasture by investigating how various types of animals might use that

pasturc. g

2.4.2 The Simulation Study Of Wright Vallance And dicol (1973)

This study was designed to investigate the possibility of fattening

beef cattle on irrigated lucerne and Tama ryegrass in the Canterbury
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environment,

Lucerne and Tama production data that were available from field
trials were included in a simulation model so that for a given pattem

of defoliation, feed supply throughout the year could be described,

Animal production response functions were defined for the animals
(Friesian crossbred animsls purchased at 6 months of age and 400 - 500 lb
liveweight and fianished at 18 - 20 wonths of age yielding carcasses of

500 - 600 1b) to be grazed in the system,
The simulaticn model was run on a computer to:

1. establish a basc systen, This wes primarily
a probiem of scheduliag stock numbers in
relation to a specified patiera of feed

avallability;

-

2. test the seasitivity of the output trom the
base system to changes in what were considered
to be key variablas - feed guantity, feed
quality, utilisation of awailable feed by the

animals, and prices paid for the animals,

The model did not include any optimisation procedure, However,
the fact that a wholz year's dats could be generated quickly by the
computer model for a given set of assuaptions, allowed a trial and

error method of defining better systems to be employed.

This simulation study allowed the known information to be collected
and used to define possible production systeus. The aim of the study
was to provide information to research workers who were interested in

setting up field trials on the systems studied,

Nicol (1973) reported on the setting up of a field trial on this -
lucerne-tama-beef gsystem. He concluded that the systewms modelling

exercise prior to the setting up of the field trial had:

"(a) Brought personnel from a number of disciplines

together in a formal way to their mutual benefit,
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(b) Identified areas where historical date was

lacking and indicated areas for research.

(c) Been a useful tool for teaching basic husbandries

(the study was carried out at lincoln College).

(d) Acted as a basis for the request for grants to

establish a field trial,

(e) Contributed relatively little towards the running

of the trial since its initiation,

(f) The potential to be used, once data becomes
availavle from the field trial, in making re-

comumendations for improvements in the field trial.™

From the basis of these observations, the modelling excrcise
could be judged as having been useful, The continued usefulness of
modelling in the study outlined, and the useful application of wodelling
in other fields of gruzing management research seems t be dependant
oa whether or not the potential wentioned in point (f; atove, actually
adds to the etficiency of the evolutionary nature of research as dis-

cussed in Sect, 2,3,

2.5 A Dairy Farning Systems Modelling Study

To investigate the economics of the use of nitrogen fertilizer
on factory supply dairy faras Pollard (1972) counstructed a Linear ro-

gramniag model of a dalry grazing system,

The model was designed so that it could deteraine the grazing
managencnt system (areca grazed in each period and length of spell between

grazing) that would maximise net profit for a range of stocking rates.

Pasture production data was specitied throughout the year for a
range of spelling dates and predetermined grazing heights which were

assumed to be optimal (based on Brougham's (1970) rccommendations),

Buttertat production functions for each stagec of lactation weie

specified (within limits) in relation to feed regquliremeats,



While the objectives of the study were:

" .... to examine in detail both techinical and economic

factors associated with fertilizer N use...."

the limitations expected to be imposed by the lack of experimental data

meant that the scope of the study included:

", .... & consideration of the major problems to overcome

in developing a realistic grazing model,"

As the size of the model used approached the limit that could be
handled on the availablz computing facilities, the time involved in
each run of tne model was 3 - 4 hours. Analysis of each solution also
took several hours, These two factors meant that little experiumeniation
could be carried out. Recommendations on grazing systems based on iha

modelling exercise were thus guite limited.

Lack of knowledge about relatioanships within the grazing systen
also detracted from the degree of reality achieved in Pollard's study

(e.g. the utilisation of available pasture by grazing aaizals),

2.6 The Comparison Of lLinear Programming With Siumulation As A
Technique For Studyiag Grazing Systemns

As mentioned by Pollard (1972) the rigid framework of Linear
Programmiang (L.P.) causes some problems in handling non-linear functions
and stochastic variables. As well as these, in the case of beef
production there are difficulties in including some decision rules within
the L.P. framework, In particular, the model is unable to make a
decision on. the level of liveweight gain that animals may achieve in any
period of the year since, liveweight gain is determined by the amount ‘
of feed available, and the livewelght of the animals in that period,

The liveweight of =nimals during any period is determined by the

liveweight gain that has beca achieved in previous periods.

Other modelling technigues, and in particular, simulation can
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handle non-linear functions, stochastic variables and any decisions

rules the operator may wish to include, Simulation does not however
include an optimisation routine like L.P. and since optimisation is
almost invariably sough® in the study of grazing systems, an experimental
procedure is usually developed so that the simulation is first run under
some set eof decisions, The output is then examined with regard to the
decisions that were included in the model, the decisions are changed,

and the model is re-run, hovelfully with output becoming more nearly

optimal,

In any particular situation, application of linear Pregramning
leads to optimal decision rules, Although these decision rules (stock
mubers, grazing management) are based on perfect foresight, they ca:
be tested under any other situation, Under different pasture growth
conditions, for example, a given set of decisico rules will result in
different levels of livestock output, However, we can also use the
Iinear Programaing model to deternine the optimum decision rules, and
associated level of system performance, for each situation, In this
way then we can use linecar frogramming to estimate the opportunity cosu

of a given sel of decision rules under different situations.

While simulaticn can handle stocnastic variables these are
rarely included in simulation studies, The approach wmore usually is
to conduct scme experlmentation wader a predeterained sel of system
inputs (e.#. climatic factors). The inputs are changed and the ex-
perimental procedure is thea repeated. A similar approach can be used

g ES. T & N I N P B e >
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that system output is optimal for the given conditions.

2.7 The Model Used

Initially pasture vas included as the oaly feeding opportuiity
in the L.P. model. A pattern of animal production was defined, and :
the animal feed reguirements calculated. These reauirements were then :Q
included on a per sniwmal basis within the L.P. model, The model was
then used to derive a grazing management pattern sc that the nuaber of
animals grazed in the system was maximised, Associated with output
of the model was information on the periods of the year where pasture

supply was limiting increases in the number of animals grazed and



conversely those periods of the year when feed supply was surplus to
ariimal requirements, Based on this information the pattern of animal

production was changed and the model re-run,

The factors affecting pasture production and animal performance
and the way they are included in the modelling exercise are discussed
in Chapters 3 and 4 respectively. A detalled description of the ex-
perimentation is given along with results in Chapter 5, Sect. o,
discusses more fully the limitations found to exist with L.P. as a method

for studying grazing management systeus.
2.8 Sumnary

The beef grazing system has been shown w0 be complex both in the
number of cowponents involved, and the lnteraction of thesc components
over time, Uncertainty aboutl future system output is introduced by

climatic and market factors over which tne fanier has little or no control.

Some doubt 1s raised as to whether or not curreat foris of pasture

CL

production research leads to a better understanding of grazing manage
systems, Hesearch on aanimal. production has in the paswu, tended to cori-
centrate on the differences in the level of outout from various animal
produciion systems, while the faclors affectling oroduction within these
systems have, in many cases, remained unkiiown, Mathematical modelling
has beecn used as a framework for gathering together information tnat is
known about grazing management systeas. Whether or not modeliing
exercises improve the evolutionary process by which management systems

are devised remains unclear,

That linear Programuing is a rigid framework with some apparent
disadvantages for the study of grazing mansgement systems has been noted.
m o ' R a e v — - A e WL S
The disadvantages, Lin many cases, lowever, may be no greater tuan in
other modelling techniques; and the optimisation routine inherent in

Linear Programming is an advantage often sought by those other techniques.

The LL,P, model used allocates available pasturc so that the
maximum number of aninals can meet a predetermined pattern of liveweight

gain,



- 33 -

CHAPTER THREE

Factors that have beea shownn te affect the production of pasture
are discussed in this chapter. Pasture production data for the Palmer-
ston idorta region ere considered aud a faully of production fuuctioas
relating dry matter (D.M.) regrowth to grazing severity (height and length

of swelljare described,

The incorporation of these functions into a Linear Prograsming
(L.P.) uodel is outlined and the menagement decisions the model can

nalke are discussed in relation to the real-life situatica,
Finally, the maxdmun sonual D.M. production froa tne wodel is

de terninzd,

3,2 Factors Affecting The Regrowth Of Pasture

o - e e T

3.2.1% The Pasture Regrowth Curve

Brougham (1955) has described the regrowth of pasture in teras
of a sigavid curve, The three distinct pnuses of regrowti as described

by Broughsaa are shown on a generalised curve in fig, 3.1,

Daily increaeats of pasture D.M. increase (phase I) follewing
severe defoliaticn until constant and wmaxiiaua incremeats are attained
(phase II). Depending on the pasture species preseat, competition
between the species present for light, moisture, zad soil nutrients, and
the prescnce of destructive organisms, daily incremcats finally bLegia
to- decline (phase ILI). :

Broughau (1950) demonstrated that the duration of phase I was
Jargely dependant on the percentage of incident light that the sward
resicduc was able to intercept following defoliation., Waere pasture

was cut to either 1!, 3" or 5" in mid-Yepteuber the maxiamum daily



- 34 -

increment in D.M. occurred oa the 24th, 16th end 4th day respectively.

Brougham also showed that the beginning of phase 1I coiacided
approximately with the attainment of a Leaf Area Index (L.A.I.)( ) o8 &

The pasture yield at this polnt was 1,450 1b D.M./acre regardless of the

initial cutting height.

3.2.2 GChanges In Growth Curves Throuzhout The Year

Prom the results of cutting trials oan an irrigated short rotation
ryegrass/ulite clover pasture, Broughan (19259) was able o construct a
st of potential pasture regrowth curves winich related D.:. present in
the sward to the nuaber of days followiag defoliation at difilerent tiwmes

of the year,

Daily grouwth rates for lotal D.ii., and for the ryegrass and clover
components of the pasture changed gradually taroughout the year with
seasoaal ch%uges in light and temperature «fter the effects of temporary
"wcather"(zl fluctuations were reanoved from the analysis,

Average daily total D.M. increacnts raaged frea 10 1lb/acre in
wvinter to 120 1b/acre in early suauer, The yield of the ryvegrass
component was couparitively wore important thaa clover over the winter
and spring periods, while the contribution to total yield by the clover

component increased with the onset of swaaer until the late autuan,

Broughamn explained these differedaces in growth rate and pasture
couposition in terus of species temperature tolerance, inter-species
competition for light and seasonal growth patteras of the species and

tissue decowmposition,

3.2.3 The Bffect Of Management On Pagture Grewth

As discussed in Sections 3,2.1 and 3,2.2, pasture regrowth depends-

(1) L.A.I. is defined by Broughazm (1961) &s the area of leaf per unit
area of ground.

(2) Weather fluctuations were chanpges of weather that occurred within
the week that D.i. yield was weasured, and accounted for as wuch
as * 50% of the growth mate in that week.
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3,2.3 The Effect Of ifanngenent On Pasture Growth (Continued)

on the height to which pasture is grazed, the time since nrazinz, and \}
the cliwatic coaditions that prevail duriag regrowlb,  For any given
sel of climatic factors then, the decisions made by the manager of the
grazing system, on the height to which pasture is grazed and the length
of spell between grazings will deteruine the emount of pasture available
for grazing. Tae efrect that these grazing manageueant decisioas may
have on available pasture are discucssed below in a sinple exaaple and

illustrated by Fig, 3.2,

Consider a 50 ha. beef unit rwining 200 fatlening animals, an
area. of pasture has been grazed at come time "k" days before day "t".
The D.M. present since that grazing on day "t - k' is represeanted by
the functicn a, On day “t" 2000 Kz D.!./ha are present on the pasture,
iven sufficient available pasture it is assummed that the aniw=ls wilthi
Given sufricient availabl sture it is ned that th 1nzls wl n

the systen will eat 10 Kz D.:l./ head/day.

In csze I the manager decides to feed 2. ha of pasbture oa day "tV

l

(i.e. it will take 20 days of feecding 27 ha of pusture/day hefore the

pasture grased on day "t" will be grazed again,.

Case I

(2000 Kg D.ii./ha x 25 ha) = 5000 Kg D.il.
(200 enimals x 10 Kg D.M/hd)e 2000 Kg D.ui,
= 3000 Kz Dol

Feed available/duy

Appetite requircasiat

Uneaten pasture

-~

)00 Kg D.il./25 na) i200 Kg D.if./na

1}
—~
W

=

Pasture residue/ha

n

In case IL the decision is to feed cnly 2 ha. of pasture on day "i"

(i.e. a 25 day rotation),

Case II
Feed available/day = (2000 Kg D.M./nAa x 2 ha) = 4000 Kg D.i.
Appetite requirement = (200 enimals x 10 Kg D.}i/hd)= 2000 Kg D.M.
Uneaten pasture = 2000 Kg D.i.
Pasture residue/ha = (2000 Kg D.M./2 ha) = 1000 Kg D.if.

Assuming the pasture regrowth curves in Fig, 3.2 the feed availabie
after a 20 day rotation (Case I) will be 2400 Kg D.ii./ha, while the cutcome
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3.2.3 TIne Effect Of Management On Pasture Growth (Coatinued)

of the decision in Case LI is that oaly 2000 Kg D.ii./ha are available
at the next grazing.

In this example then, the grazing managemeant in Case I tends to
build up feed, while the grazing manuagement in Case Il teads to maintain
available pasture D.d.,  Although Uids exwmuple 1s an oversiuwplification
of the real-world situation, it does illustrate the way in which grazing

manageaent can affect pasture production,

Broughaa (1570) has shown the impertaance of grazing lLeigsht and
length of spell betweea grazing at two tlwmes of the year, in late
autwan a wixed ryegrass/clover pasture was defoliated, Tne three treat-

wents iuposed following that grezing oa April 3rd were:

i) Graze agzain in 18 weeks
ii) Two grozings at 9 week intervals

iii) Three grazings at O week intervals

Tae D.M. yields over that eighteen uveek winter period were 2120,
3290, aad 3020 1b D.il./acre respectively, wWhile this reprezeatesd a
704 increase in D..l, production for the three-grazing treatmeat over the
one-grazing treatuent; the pssture grazed three times over the winter
also had a higher clover content in the spring, due to increased 1lluni-

nation at the base of the sward, wad higher spring D... productioa,

Brougham (1970) found that graziug height was particularly
critical over the swamer period in the Palmerston dorth enviroameat,
In early sumucer a pesture that had been uniforuly grazed for the previous
18 months was subjected to three grazings at three weekly intervals,
Half the pasture was grazed hard wihile the other h2lf was grazed only
to 3¢, Following these treatments tha whole pasture was grazed unifonnly.
The grazing heights following the period of treatueat, although not
specified, were considered by Brougham to be sucnh that pasture production-
wus waximised over the rest of the yeuar, The advantage in daily D.:.
incremwents to the lax grazed pasture was in tlie order of 5C - 10U% over
the rest of the swuwer and the autumnn period. Brougham attributed this

effect to increased soil moisture levels due to the increased pasture
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cover over the suamer period, and to increased survival of grass tillers
under the lax grazing treatment,

Becsuse of the interaction belween grazing nmanageanent, pasiure
species present snd climate, and the need to meet animel requirements,

definition of ezn optimum grazing systea is a complex task,

From the results of his trial work, Brougham (1970) has suggested
grazing manageuncnt reccmnendations for mixed ryegrass/white clever
pastures in the almerston North regicn. These recomncndaticns ar
presented in Table 3,17 and are stuted by Brougham to freguenlly produce

16- 17000 1b D.H. per acre.

Table 3,1

:

Management Systen For A lMixed Sward In The lelmerston iorth
Area
Winter Spripy Suamer Autvnn
Grazing Interval (weeks) 6 - 8 3 -4 4 - 5 hardgraze 4 - ©
Grazing Height (iaches) 1 -2 1-3 3= 4 1 1 -2

3.2.4 The Effeci OF Gragzing Animals Cn Pasture Production

3e2e4.1 The NMunber Of fnimals Grazed

Many experiments are reported in the literature as having measured
pasture productiein under different stocking rates (enimels/uait area)

and different types of stock,

Campbell (1969) measured the annual D.i. production of pastures
grazed by sheep at 10 and 15 ewes/acre, In both treatweats the spell
hetween grazings was seven days, The lower s*tccking rate trectment
outyielded the high stocking rate treatuents, in terms of D.!{. produced, :
by 257 over 2 years., Hull gj;g;h(19b1) who grazed beef catile at 5
stocking rates (1.3 to 4.7 arimals/acre)on irrigated pastures, also
found that pasture prodvction declined with increased stocking rate.

The spell betwcen grazing in this case was 35 deays for all treatment.
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Campbell's experiment however, included a further treatment in
which pasture'grazed by the higher stocking rate (15 ewes/acre) was
spelled for 28 days beLQeen grazings, rasture production in this case
was 50/ higher than that cbitzined under the saue stocking rate snd a

seven day rotutdon,

Gorden el al (1900) considered thzat the neglect of grazing

(1)

and poor repeatablility of pasturc experimentation, In view of Broughamn's

pressure neasureuents could be a major reascon for the large errors
results (discussed in Section 3.2.3) regarding the effects of defolistion
height and the interactions between this, length of spell and the season,
it seews logical that somne measure of grazing pressure and the resultant
grazing height are necessary before the results froa stocking rate and

length of spell experiments cean ®e very meaningful,

Hull et al (1961) also showed that while pasture regrowth from
hard grazed pastures (those grazed by higher stecking rates; was higher
in protein coantent, lewer in ligain content, and hence higher in energy
value, the actual pasture coaswned by animals at the higher stocking
rates was lower in energy value thon pasture consumed by animals at
lovwer stocking rates, Tnis result was explaiaed by the reduced

opportunity for selective grazing at the higher stockiag rates.

Campbell (1966a) has shown that higher grazing precsure allows
less dead forage to accumulate in the pasture. The results of Hull
et al however, suzgest that differsaces in pasture quality (enevzy
value) between pastures grazed at various graziag pressures aay aot
be a true represeantation of the differeuces ia the quality of pasture

actually consuned at those grazing pressures,

3.2.4.2 The Treading Effect Of Animals

The presence of grazing animals also affects pasturs production

by wmechanical damage caused by treading.

Hull et al (1951) found that D.iM. yield froa a treatmeat cut

(1) Grazing pressure here means the relationship between feed available,
and the nuamber of animals preseat,
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for silage in their experiuent, and hence not subjected to the damage
caugsed by animal hooves, was about 355 higher than the treatment sub-
jected to the bighbest srazing vreassure, some of this effect however,|
could have beea attributed to differences in the defoliation heighit ‘

between tne cutting and grazing treatments,

Eduond (1974) has shown th:it treadiag by sheep (at 49.4

y (1)

plants were more susceptibls thaa ryegrass in a wizxed sward, and

equivaloats/ha) does reduce pasture yield hy up to 304, Clover
treading effects were greatest wheu the soil was at or above field

capacity.

Campbell (1966b) has examined the effect of ircadiag by dairy
cows on autumi-saved pasture grazed in late winter, Two stockiag
rates were ussd, 60 cows/acre/day and 120 cows/acre/day, and pasturs
wae mowl as a control, The pastures werz close to field capacity
at the tiwne of graziag and wowing. after treataent, pasture yield

-

was uweasured as the differcace betwesil post-graziag residue and the

")

amount of pasture preseat before the next graziag, Diffe

~

eNCE measurs~
rents contianed for the remaiader of the wianter and the following
spriag and swamer, during which time all treataeats were subjected o

the sane prazing treatacat, Three years dat: were collectad.

Iittle variation in pasture yield was uweasured between the
treatnents, although large variations ian pasture yield were ameasured
between years, Caunpbell concluded that thie sumall losses assoclated

with treading would not affect zalmal production.

3.2.4.3 The Effect Of Faeces

The faeces dropped by aniwmals during graziag will also affect

pasture production.

Greenhalgh and Reid (1968) conducted an experimeat where dairy

(1) Edmoad {1958) has estimated that a graziag sheecp walcs 1,7 miles/
day. Since a race oae mile long x 4! 10" wide eqguals one acre,
BEdmond expresses the treading effect of 10 sheep walxing thiough
a 4' 10" wide race daily as equal to 10 sheep equivalenis/acre,
Similuarly 300 sheep waliday through the race oncc every 20 days
represeats 300/30 = 10 sheen equivaleats/acre. The flcure 49.4
equivaleats/ha described bj Edzcaa (1 W?A) equals 20 sheVO/dcre,dhy,
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cows were grazed at two levels of graziag pressure oa pasture that
had previously been either mown Or grazed. The previously grazed
pasture had 2.84 of its area covered by faeces. By measuring the
anount of pasture rejected in subsequent grazing they concluded that
the presence of faeces affected anlaal intake over an area 8 - 12

times the size of the acuual area covered,

1

B Pasture Production Data Used In This Stuady

It has been shown that pasture production varies with the lengthn
of spell between grazings and the severity (neight) of graziag. The
interaction of these two factors with seasonal, climatic and aniaal
factors can lead t chunges in pasture coaposition aand pasture pro-

duction throughout the year,

Pollard (1972) derived a set of regrowth curves for a aixed
sward (ryegrass/clover) growiag in the Paluerston North locality in
an average year, The data from which these curves were derived were
provided by D.3.L.R. Grasslaads Division slafl basad on thelr knowledge
of how pasture was likely to produce vuder grazing coaditioas,

Taroughout the year defoliation height was assuned to colncide

(S 2ol

with those figures suggested by Broughaz (1970) (presszated in table 3,1).

=2

ssociated with this pattera of defoliation height would be a pattera

o]

£ pasture compositional change - a pattern that accordini to Brougham

should provide consistently high D.M. yields.

Wright (1973b) using the data from 2ollards study and other
unpublished data simulated a series cf relationships between D.il.

preseat and pasture growth rate for all weeks of the year,

From these data it was possible to construct a series of pasture
regrowth curves with the daily D.M. incremeats as a function of time
after defoliation and defoliation height. Individual curves were

coastructed for regrowth after defoliation in each weck of the year,

While the data generated by Wright referred to poteatial growth

rathsr than the actual growth that may be expected in any particular
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year, they did give some idea of the effect that grazinyg height may

have on pasture regrowth.

As well as plotting D.M. present above defoliatica height as a
function of time after defoliaticn tfor a range of grazing severities
(heishts), the actual daily iacrements in D.M, preseal were also plotted.

Generalised curves arc shown in Fig, 3.3,

As would be expected from the work of Brougham (1956\(1)
maxd.oua dally growth rates achieved after defoliation at a reange of
grazing severities varied little, The tizme takea for the pasture W
achieve maximun daily growth rate did vary witih defoliation height.

In Fig, 3,3 the maxiumua daily growitn rates achiteved efter grazing &t
either a HIGU or LOW grazing height are similar (). The time take.
to achieve tiris waxisun daily growin rate lowsver, is (d)days following

a HIGH defsliation, and(e) days following a IGW defolistica,

The differeaces in pasture regrowth(g’ due to grazing sevariiy
ware greatest over the late spring and suwier periods, Tids result
would be expected siuce the levels of inciceat light at that ftine of
the year are at their naximaa, and Brougham (1956) has spown the initizl
regrowth of pasture is dependant oa the percentage of incident light

intercepted by the pasture residue (discussed in Sectioa 3.2.1),

The figures siuulsted Ly Viright, and the regrowth functions
derived from thea, take no account of changes in pasture composition,
and hence future changes in pasture production due to coupositional
changes induced by hard or lax grazing, Due to a lack of other guan-
titative data on this interactioa, the data wade available by ‘Wright's
simulation was used to construct a family of pasture growth curves for

this study.

In order to devise this family of regrowti curves it was assumed
that grazing could occur at either one of two grazing heignts 1in each

period of the year. The HIGH grazing height for auy period was asswaed

(1) Discussed in Sec*tion 3.2.

(2) The differences in pasture regrowth may be measured as the absolute
difference between the regrowth curves at some point in tine i.e,
the horizontal distance betwezen the HIGH aad 1OV curve after d days
i3 Eig, 383
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to be 200 Kg D.d./ha above the grazing height used by Pcllard (1972)?1)
The LCW grazing height 4s assumed to te 220 Kg D.M./ha below the height

specified in Pollard's study.

Then based on the differciices in pasture regrowth shown to exist
between pastures grazed to differeant heights in Wrighi's siwulation of
pasture production, a HiGd and a IOW regrowtn curve were drawa about
Pollard's regrowth curves for each season of the year, In this way a
family of regrowth curves for each of two defoliation heights was coa-

structed.

3.3.1 Assumptions involved In Defining Pasture Regrowth

Inhereat in this method of defining pasture regrowth functions
is the assumption that the diflerence betweea the grazing heights used
in this study and those used in Pollard's study (2 200 Kg D.M./ha) did
not warvedly affect pasture coumposition, Heace the relatioaships
between pasture compesition and D.M, production over the whole year
renain essentialiy the same as in Pollard's study, Furtnermore,
absolute levels of D.!l. present bzfore or after grazing, as in Pollard's
study, cannot be specified, Oaly the pasture regrowtn available for
grazing above a HIiail or a IOW grazing height can be specified. Tne
relationships betweea D.i. available for graziang and time after grazing
HIGH or I0W ian each month of the year are presented in Tables 3.2 and

3.3 respec

The pasture available for grazing is defined in terms of Kg D.M./
ha, Pasture quality (energy value) is assumed not to vary with heigat
of grazing or the length of spell betwesen grazings, at least for the

(2)

range specified within the wmodel.

(1) While the grazing severity (height, assumed in Pollard's study was
based on Brougham's recouuendations (Table 3,1) the absolute amount -
of pasture residue after grazing in each period was not specified
in terus of D.iM./ha.

(2) Differences in pasture quality throughout the year are considered
in the calculation of animal feed reguiremeats (Szciicn 4.5.1.3).
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The effects of grazing animals on pasture production due to

trampling and defaecati-m are asszuacd to be lncorporated implicitly

in the defined pasture regreowth functions,

3.4 The Pasture Production iladel

In real-life grazing systems the nanager nzkes some decision oil
the area of pasture to be grazed in any period of the year, and hence
the amount of pasture D.iM. the animals are offered, after coasidering
the amount of feed on hand, the amount of feed likely to grow, aad the

level of productio:n he wishes the animals 1o attain,

The frequeacy with which he makes tuis decision depeads on how
often he decides to shift the animals to fresh pasture; a deccision
which 1s depeadant on the amount or control he wishes to exercise over

the problea of watching feed supplies and feed demand.

3.4.1 Pasture Production Posgibilities lilthin The ilhdel

The grazing year has beea divided into 30 grazing periods.
These are preseated in Table 3.4, Grazing periods 5 - 27 inclusive
are of 14 days, while periods 1 - 4 and 27 - 30, (the periods in which

maximun rates of pasture growth occur) are of 7 days each.

In each period of the year the mcdel can vary the amount of

pasture available for grazing by choasing:

1. the area of pasture to be grazed

2. the height to which pasture is grazed (either
HIGH or LOW)

The decision to graze a certain area of pasture in any period
determines the length or spell betweea grazings since, in all periods,
the totul area of pasture must be accounted for as being either grazed
or spelled, This decision (length of spell) plus the height to which

pasture is grazed in any one period determines the amount of pasture
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Table 3.3

Month

Jan

Jul

Oct

Nov

Dec

lationship Betw

150

200

160

380

200

200

170

169

220

180

9
[}
3}

560

520

410

= WET

agn DM, Regrowth (Kg/ha) And Time

(Weeks) Since Grazing low

700

500

480

340

1060

1020

750

Length of spell (weeks)

770

500

390

500

789

1600

1600

1120

5

1400

1110

890

1070

670

1200

1900

24,00

2230

1500

o

1020

1400

1220

730
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1700
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[
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1620
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Perdodg Within Ths Graging Year

AL 1o Sl S PRRE R4S

Perdod Includes Days
1 - 7 Novesber

OV ® X O W

& - 14 |

15 - 21 i

22 - 28 "

29 = 12 Decenber
13 -~ 20 it

27 - 9 January
10 - 23 L

24 - 6 February
7 <~ 20 i

21 - 6 March

7 - 20 L

21 -~ 3 Apumil
b- 7
18~ 1 May

2 -16 *®

17 - 30 1

31 -~ 13 Jdvue

14 - 27 "

28 - 11 July

12 - 25 i

26 - 8 August
9 - 22 "

‘23 - 5 Septenber
e - 19 "

20 = 3 Octoter
4 - 10 i

1 - 17 "

18 - 24 "

25 _ 31 1]
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Table 3.5
Maoddmum_And Fiaioam Spells And Svelling Ontions After
Pagture Lz Grazed For Each Pericd Of The Yeav
Length of Spell Ootions (days)
Zeydod

1 14 21 31
2 14 24 38
3 17 - 31
4 10 24 38
5 ; 14 28 42
6 | 14 28 42
7 14 28 42
8 28 - 42
9 28 - 42
10 28 - 42
11 28 - 42
12 28 - 42
12 28 - 42
A 28 42 56
15 28 42 50
16 42 56 70
17 56 - 70
18 56 - 70
19 56 - 70
20 42 - 56
21 42 - 56
22 42 - 56
23 28 - T4
24 28 - 38
25 14 24 31
26 17 24 31
27 14 21 35
28 14 21 35
29 14 21 35

30 ' 14 21 38
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3.4.1 Pasture Productica Possibilities Mithin The Model (Coatinued)

availab®le r'or grazing in subsequeat periods.

Tne leagth of spell for wvhich pasture way be spelled after

grazing is coanstrained:
- firstly within a wminimwa and waxinum spell which
varies with the time of the year a«t which grazing

tokes plece;

- and secondiy in the number of spelling alternatives

within that range.
8

Meorimum and pdinimuw spells are defined in Table

&
WD
YEry

along with

(1 e

the spélWZug options for pasture grazed in each peried range

of spelling dates are coumon to pasture grezed HiGH aad IOW and coincide
approximately withi tne beginning and end of that period of regrowth when
maxioum daily increments of D.r. occur, these renges also coincide
approximately with the spelling times suggested by Brougham (1970)

which are presented in Table 3, 1. A comparison between Broughau's
reccumendations ana the range of spelling options specified in the wodel

is presented ia Table 3.0,

, : o (2
3.4.2 The Structure Of the todel‘ ™’

Each of the 300 pasture activities (Pj's) included in the model,
represents one hectare of land spelled from the mid-point of one period

and meking pasture available for grazing in some later pericd.

75 of the pasture production activities represent pasture grazed

(1) The reasons for limiting the number of spelling opticns are discussed
in Section 3,4.4 along with reasons for the epparently unsymmetrical
nature of Table 3.5. The limitations of defining spelliang length
within the model are discussed in sSectiown 3,4.2 and more fully in
Section 6;

(2) The mathematical structure of the pasture preduction matrix is
cescribed in detuil in Appendix 1,
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HIGH in one period, spelled for a specified time, and then grazed HIGH

again in a subsequent period.

The actuwl lengths of spell between grazing are those defined
in Table 3,5. For cxample, the first pasture production activity, P,
spells pasture grazed HIGH in period 1 for 14 days (i.e. until period 3)

when the pasture cu again be grazed HiGH,

Py spells pasture grezed KIGHI in period 1 for 21 days (uutil

period 4).

P3 spells pasture grazed HiCH in period 1 for 31 dayS..eeeece.

Ooaucuooat’hrouv’o"h t()ootOo-ooo'o

Py, spells pasture grazed HIGi in period 30 for 21 days (i.e.

into periocd 3)

Pys spells pasture grazed HIGH in period 20 for 38 days (into

period 5).

Similarly 75 activities (P7O = P150) are defined fcr pasture

grazed LOW, spelled, and then aveilable for grazing ILOW agein.
Activities P151 - P225 allow pasture grazed HiIGH to be spelled,

and then grazed LUW, and activities Popg - 2300 allow pasture grazed

IOW to be spelled and then grazed HIGH.

Table 3,6 Comparison Of Spelling Lengths Allowed In The Model

With The Necommeadstions Cf Brougham (1970)

Length of Spell (in weeks)

Winter Spring Sumer Autuan
Broughanm's (1970)
6-8 3=~4 4=~ 5 4 -6

Recommnendations

Constraints on
spelling length used 6 ~ 10 2-5 2 -7 3-8
in the model (see Table 3.5)
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3.4.3 The Represeatation Of The Crazing Process By The Model

3.4.3.1 The Length Of Spell Between Grazings

Animsl feed requirerents (discussed in Sectien 4.5.1) are
specified on a per head basis for each pericd of the year so that a
predeterzined level of animal performance (liveweight gain) is achieved.
The pasture production model is required lo define a grazing wanagement
plan (arez of pasture grazed and height to vhich pasture is grzzed in
each period) so that the mexizum nunber of animels may be grazed within
the system; subject to the restriction that the feed supplied in each
period of the year (deteruined by the area of pasture and the height
to which pasture is grazed) is greater than or equal to the feed required
in each period of the yecar (which is the predeterwined per head feed

requirement times the aumber of aniu=zls run 1n tie systen).

Hence the area of pasture grased in each period of the year, as
chosen by the pasture production wedel, 1s actually grazed over a 14
or 7 day pericd depending on the pericd of the yeur it refers to. This

may be related to the real-life situation by the example below,
Example (Refer to P4 in Table 3.7)

Assume the wmodel cecides to make fecd available in period 3 by
including 10 ha of activity Py 1n the grazing management plan, P4
takes pasture grszed NIGH in period 1 (a 7 day period), spells it for
2 x 7 day periods and umzkes pasture available down to the liIGH grazing

height in pericd 3 (a 7 day period from Hovember 15 - 21),

Where the animaels in the real-life situation are shifted to
fresh pasture every day then the model assumes that % of 10 ha is fed
on each day of period 3 so that the daily feed requirements for that
period (per head requirements times the number of animals in the system
divided by 7 days) are met each day. Furthermore, the model assumes
that the pasture fed on the 18t day of period 3 (Wov. 15) was last grazed

on the 1st day of period 1 (Nov, 1), 14 days previously.
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In fact the mocdel actually assuumes that pasture is greazed
instantaneously at the mid—point of each peried. That is the feed
requirenents of the aniwmals ia period 3 are met by grazing the 10 ha
of pagture supplied by activity Pq on the 18th of November, Thi.s
pasture wag previcusly grazed at the mid-point of period 1 (dov. 4).
Thie is 2 slightly wore accurate interpretetion of how the wodel
repregents the graziag process since the exglanation in the example
on page 53 assumes that the regrowth of pasture grazed on tiie 1st

Noveuber 1s the same as that grazed on the 7th ilovenber,

3.4.3.2 The Height, To Which Pasture Is Grazed

It has already been stated that a basic restriction within tne
model is that pasture supplied in each period (or each day within a
period) must be greater than or equal to the feed required in that

period (or day within that period).

Where lhe feed requirement specified for & period (day) is less
than the amount the animals within the system would eat in o eeriod
(day)§1) it is assuwed that the system manager shifts the aaimals off
the grazing erea after they have achieved the inteke speciflied for

that period (day).

If the pasture production model makes available only enough
pasture to meet the period (day) feed requirement, the time st which
the animels are shifted frou the grazing area ccincides with them
reaching the grazing height specified by the pasture production activity
supplying feed in that period. Where the model uskes avallable wore
pasture than the period feed requirement then the animals are shifted
off the grazing area after they have attained the specified intake
which means that pasture above the grazing height will remain. Siuce
all pasture regrowth functions within the model are specified from a

one of two pasture residues (HIGH or IOW) this excess pasture is assumed

(1) i.e. the predetermined feed requirement is less than the potential
daily per head inteke of the'animals. The concept c¢f potential
daily intake 1s discussed 1n Section 4.2.1.
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3.4.3.2 The Height To Which Pasture Is Graged (Continued)

to either senesce or be removed mechanically and pasture regrowth begins

(1)

from the specified resicue.

3.4.4 Conuent On The Length Of Spell Options Within The Pasature

Production Model

As discussed earlier the grazing year is divicded into 30 periods.
Length of spell options are in multiples of seven days where pasture is
spelled froa the mid-point of one seven day pericd until the mic--point
of another scven day period (e.g, P, 1in Table a7l 8 wWhere pasture is
spelled between the mid-points of two fourteen day periods the length

of spell options are in multiples of fourteea days.

Lengths of spells which are not in multiples of ceven or fourteen
days (e.g. in Table 3.5 the 31 day maximua spell for pasture grazed in
period 3) are necessary when pasture is spelled from the mid-pciut of
a seven day period until the mid-point of a fourtcen day period or
vice-verssa, The representation of P2 (which spells pesture from Period
1 to Pericd 5) in Teble 3,7 illustrates this, The mid-point of period
1 is mid-dsy on the 4th Noveuber, 313 days previous to the wid-point of
period 5 which occurs between the 5th and 6th December, The healf'-day
was neglected when calculating D.il., production associated with this and

similar activities.

To approach reality, each day of the grazing year cculd have
been considered as a grazing period. Length of spell could have then
been defined in wultiples of one day. However, allowing the same
nunber of spelling options as specified in this wodel (i,e. 75 options
for 30 grazing daves) and allowing the treatment of grazing height as
allowed in this wodel (i.e. HIGH to HIGH, HIGH tc LG, LOW to LOW and
LOW to HIGH) would have involved the specification of (365 x %g X 4) = -
3050 activities,

(1) In fact this assuaption is not critical. since as showa in Section
5.3.2, the experimcatation is an iterative procedure, The predetermined
pattern of L.W.G. (and period feed requirements) are changed in the light
of information or "slack!" aand "tight"' feed periods uacil a grazing wanage-
ment plan is devised such that no more animals can bz run within the
systemn, At this point surplus feed above the grazing heights is minimal,
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While the Mathematical Pregramuing Systen, Tempo, on lMassey
University's Bo700 computer reputedly would have handled this number
of activities, the interpretation of output data generated by the

(1)

model would have been a difficult taslk,

The inclusion of seven day periods over the spring period
allowed the model to become wore sensitive to grazing menagement at

that time of the year when pasture growth weas festest,

By allowing three length of spell options for the spring - early
suimer periods of the year, when pasture growth rates are at tneir
highest, and two spelling options for the rest or the year, the number
of activities within the pasture-production wodel was reduced from

300 to 300.

The benefits from handling tiids reduced nuaber of activities,
particularly in terws of output analysis, wvere subjectively assumed

to outweilgh any disadvantage caused by the lack of mansgeuent options

that coula be examined within the wodel,

Only two length of spell options (17 and 31 days;, are iacluded
for pasture grazed in period 3 (see Table 3.5). Teble 3.8 sheowus that
the other option that way have been included wac a lengthi of spell of
7 days (shown by activity Px in Table 3.8). Such a spell was ceonsidered
too short to incluce in the nanagement options to be investigated by

the wmodel.,

The other seemingly incoansistent constreint showvm in Table 3,5
is the maxizum length of spell of 31 days for pasture grazed in periods
1 and 3, while the maximum spell for pasture grazed in periods 2 and 4
is 38 days. The reason for this apparent inconsistency is illustrated
in Table 3.9. Analysis of the pasture production data used in the
wodel showed that a spell of about 5 weeks was required if ihe period
of maxiiaum daily increments of D.M. was to bhe covered by the management

decisions the model cculd make. As shown in Teble 3,9 spelling peasture

(1) The cyclical nature of experimentation with the wodel, discussed in
Sections 2,7 and 5.3.2, depended on each run of the model being
analysed quickly, input information changed and the model re-run,
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from period 1 to period 5 (P3) allowed a spell of 31 days. Extending
the spell uintil period ©.would allow a maxdaun spell of 45 days. In
view of thie pasture production data oan which the modsl was based this
length of spell wes ccasidered uawarrsnted. Similarly witu pasture
spelled from periocd 2 until period © (Pb), a maximum spell of 38 duys
is included in the wodel, Constraining the length of spell frem
period 2 1o period 5 would result in a mexinuwl spell of ouly 24 days,
Hence the comproilsce of a waxiwwmn spell for pasture grazed in pericds
1 and 2 of about five weeks (PB is four days under and Py is taree

days over) was included in the model,

A similar analysis explains the maximua spells of 31 and 38

days for posture grazed in pericds 3 and 4.

3.5 DM, Production Associated With The Pasture Producticen Activilies

Pasture regrowth data have been defined for euch month of the ycar
after defoliation at a HIGH and LOJ defoliction height (UWables 3.2 and
3.3). From these datz a pasture producticn curve was exirapolated

for regrowtih after defoliation to the HLGH and LCJ grazing heights at

the wid-point of each of the graozing periods defined in Table 3, 4.

For example, assume that the generalised regrowtsn curves shown
in Fig, 3.4 represeat pasture regrowth after grazing HIGH or LUW at

the mid-point of period t.

Then the D.M. available for graziag in period (t + x) after
pasture had been grozed HiGH in period (t), spelled for (i) days and
grazed HIGH again in period (t + x) would be: ‘

(a -~ ¢) Kg D.M./ha grazed

Similarly the D..., available for grazing after pasture had been

grazed 104 in period (t) spelied for (x) days and then grazed ICW in

period (t + x) would be:

(b - d) Kg D.li./ha grazed
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Pasture Grazed In Period 3

Noveaber

Deceaber
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(31 days)
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Length Of Snell Options Por Pasture Grazed In Periods 1 & 2
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<L D.M. Production Associated With The Pasture Production sActivities
(Continued)

Now where pasture is grazed HiGH in period (t), spelled and then
grazed LOW in period (t + x), the D.i. available for grazing in period

(t + x) is:

Pasture available froa HIGH regrowth curve Plus

the difference in grazing height in period (t + x)
i.e. (2a-¢c) + (¢c-4d) =(a-4q)

Similarly pasture grazed LCw, spelled, and then grazed HiGH will

yield:

The D.i. avsilable from the LCd regrowth curve

Lesg the difference in grazing height

For the generalised exanple shovm in Fig, 3,4 LCUW to HIGH grazing
& 3 o S

yields in period (t + x)
(t-d)-(c-4a)=(b-c) Kz D..1./ha grazed.
Siuilar calculations were made for each of the 300 grazing

activi.ties incorjorated in the pasture productioa model.

3,6 limitations In The Pasture Froduction iMsdel

The range of spelling lengths thet may be chosen by the model
after grazing in any particular period is limited to these that have
been outlined, The number of spelling length options could easily be
increased, should ihis prove necessary, by considering wore grazing
periods within the year, The basic restriction to increasing the
nunber of grazing periods considered in the year wac the increased
time that would be involved in analysing systew output. While the
Mathematical Programaing System, Tempo, on which the model was rua
does include an output analysis routiane, it was 10t in use at the time

that the model was set-up. The *time that would have been involved in
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Fig, 3.4

Pasture Production After Grazing IICH and ICW

In Pericd ()

Total D.NM.
Present

(Kg D.i1./ha)

Graging ) ¢ [~~~ ~—~ 7 ————————————————— HICGH
Heights ) / !
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Tinme

i

= x days ——

grazing point grazing point

in period (t) in period (t +x)
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3.6 Limitatioas In The Pasturs Production Model (Continued)

.

settiag up the output aanalysis routiae was not coasidered justified ia

~

view of the objectives of tais study (See Section 1,3).

Although the grazing process is representcd in a rather simpli-
fied way (see Section 3.4.3) it was considered sufficisatly realistic
to meet the objectives of tais study. The adventages to be guianed froa
expanding the pastiars production model are discussed wore fully ia

Section ©.2.1.

Dol Anrmal Do, Producticn From The Pasturz Production ifhdel

i & -

Some 1aitial experimentatioa was carrizd out to find out the
pasture production that could be "growa" by the wcdel uader the assumpiions

of zrazing height and length of spell that are discusssd above,

The area to be censidered was constrained 1o one hectar2 and the
wodel was used to maximise the total annual D.it. made evailable for

grazing, The maximum prodvced was 15,215 Kg Dai. p.a,

The graziag patltera associated with this anaual pastare production
is showa in Fiz, 3,5, Pasture D.H. available for graziag is shown oa
the vertical axis froa O to 3000 Kg D.il./ha, Grazing perionds and the
months of the year ia which they fall are showa on the horizontal exis,
The vertical lines show the period of the year ia which defoliation
took place, The top of the peaks represeat the amount of pasture that
was available in that period and the vertical lines below the level O
Kg D.ils/ha show that pasture grazed ia all periods was grazed at the

HIGH grazing height,

The length of spell between gruzings is quantified in days
between the vertical lines that represent each grazing, Pasture,
under the management system chosen by the model to maximise annual
D.M. production, is grazed 10 timea during the ysear. The length of
3spell between grazings is the maximum allowable for all periods of the

year except those in periods 9, 17, 21.
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3.7 Annual -D, M, Production From The Pasture Production Model (Continaed)

The pattern of feed supply made available by the graziug plan
praseated in Fig, 3.5 will not necessarily be obtainable in a real-life
grazing situation since animels must be fed in each period of tne year,
dowever, the coacurreace of the maximua D.l. production (15,915 Kg/ha)
rith the fizure (10 - 17000 16 D.M./acre) that Broughaa suggests is
obtainable in the Palmerston North region under good managewent (Section
3.2.3) is considered sufficisant validation of the pasturs production
model for the purposes of this stady. The effect of varyiang the pasture

production relatioaships is coasidered in section 0,2.17.

3.8 Suiar

Pasture regrowth, over tiae, following a severe defoliation is
describsed by a sigwoid curve. The daily rate of regrowth at soane tine
foliowing aefoliation depends on a variety of rfactors includiag tne

scverity of graziag,

Pasture preduction fuactions that represeat the regrowth of
pasture from two graziag severities are defined for an aeverage year in
the Palmerstoan Horth region. This iaformation 1s lacluded in a Liaear
Progruamiag wmodel in such a way that pasture can be made available for

grazing in each of 30 periods throughout the year,

Grazing height in each period is restricted to either the HIG
or LOW level defined in the model, and lengthsof spell between zraziags

are also restricted,

The graziag height and length of spell restrictions limit the
degree of reality that the wodel represents. The asximwa anaual D.M.
production from the model of approximately 16,000 Kg D.il./ha is con~-

sidered realistic in light of the available research data,



- 66 -

CHAPTIER FOUR

ANIMAT, PROI

i
O et

UCTION

o S i v

L Introduction

Blaxter (1962) has stated that minerals, vitamins, amiao acids,
and a source of enargy are necessary for tne maintenance and growth of
anlmals, Grazed pasture normaily provides adeguate amounts of minerals,
It also provides the necessary amine acids and vitamias, or at least
substances froa which the ruaiaaat animal can syathesize then, Where
the diet of the graziag animal did not include sufficient miasrals,
vitamias or amino acids, a clearly recognised cliniczal syndroume would

develop.

Shortages of feed energy, Blaxter claiied, were a more luportant
source of reduced animal productio:s, and as well, they lesd only to a

gradual falliag off ia animal performance,

Withian tnis study, animal perforaunce is assumed te vary only with
) by .> S

changliag levels of feed energy wade availsble to, and eatea by, graziag

beef animals, The conversion of pasture to beef is considerzd in twe

stages:

1, the intake of the grazing animal .

2, tne conversion of that intake into aaninal

product (i.e. liveweight gain)

Lo 2 The Intake Of Grazing Beef Animals

A uodel of a beef production system needs to consider pasture
intake per animal as some function of the pasture available in eny time
period so that as well as being able to predict the animal productioa
that will result froam making a certain amouant of pasture available, the
model can also calculate the pasture residue remainiagz after grazing,
(‘The importance of pasture residue in determining pasturs regrowth has

been discussed in Section 3.2.1).
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A hypotheti.cal relationship between intake per head per day and
pasiure D.M. available per head per day is preseated in Fig, 4.1 as
funecticn (I). The lines oa -~ ab bouad the area with 2 which this
function may logically lis, The line ab specifies the potential daily
“intake that the animals may achievs, while lhe 1line oa represents the

situation where all available paswure is eaten,

The calculation of pasture residues from function (I) for soae

given class of livestock, may be accoaplished as follows:

Let X = available D.M./ha
Let N = total nuaber of animals fed
Let Z = area of pasture fed (ha)
N . .
Thus %, = k is stockiag rate/hs., and
. .
D.M. availsble per head, x = & = Zad
4 k N

From functien (L), intake/heud, y = £ (x)
Tous, residug/head is givea by:

(x - y) Kg, D.i.,
and, residue/ha is given by:

k(x -y) = (% - ¥)

Ni=

Pasture residue/ha is thus a function of nuaber (of a given class)
of stock (N), area of pasture fed (2Z), feed available per hectare and
hence feed available per head (x). For a given nunber of animals pasture
resigue per ha is 1nversely proportional to the area of pasture needed

to achieve any given level of pasture availability per head.

In order to apply this model for pasture residue after grazing
we need estimates of the potential intake, and the intake function,
y = f(x), for different classes of grazing animals, siance the intake

function has been assumed to apply over a range of values for pasture
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Fig. 4]
Actnal Daily Intake/Head As A Function Of Available
Feed/Head
Intake
(Kg D.4./
aninal/day)

0 e s i i

Available Feed (Kg D.M./animal/day)
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4.2 The Intske Of Gragzing Beef Animals (Continued)

D.M. available/ha., exp.riments designed to provide data for estimating
this function should include a corresponding range in pasture D.M. levels

as well as different levels of available pasture D.M. per head,

4,2.1 Factors affecting The Potential Daily Intake Of Grazing

Beef Aninals

A review of literature indicates that the potentizl daily intake
of grazing beef animals is a rather complex end poorly wnderstood facet

of beef production,

Bines (1970) concluded that where roughages are fed, intake is
constrained by the speed with which food passes through the rumen,
Heace size of the rumen, which is related 1o animal liveweight (Bines
1970) would limit daily intake, Bines also considered that the faster
pessage of a conceatrate diet through the runen meant that rumen size
would have little limiting effect on poteatial intake of concentrates,
In this case the amount of food eaten par unit time would be reisted to

the aniwal's physiological state and genetic make-up.

Raywond (1969) suggested that feed quality and in particular,
digestibility, was a major deterainant of the voluntary intake of grazing
animals. However, Hutton (1903) working with dry dairy cattle, and
Vyatt (1970) working with sheep, found no clear relationship betweea the

digestibility of feed and animal intake where digestibility was above T0Z.

Crompton (1962) suggested that the maximum daily intake of feed
D.i. for both dairy and beef cattle would be equivalent to about 3% of
animal liveweight., Hutton (1963) showed that this "3% standard" could
considerably underestimate the intake of lactating dairy cows, and over-
estimate the intake of dry dairy cows, In Hutton's work the degree
of fatness the dry stock had attained appeared to affect the level of

voluntary intake,

The 34 of bod&weight ?tgndard, however, seems to have beea generally
1)

accepted by research workers 2s a guide to the potential intake of

(1) From Wright (1975).
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young growing beef animals on pasture.

In the absence of.quﬂntitative data from New Zealand beel grazing
trials relating poteatial intake to pasture and aaimal parameters, a
Asimplified indirect apprcach has been used to define the poteatial intuke
of the grazing salwals in this study, The daily liveweight gains
allowable within the model are limited to the highest gains that are
consistenlly achieved on coumarcial farws, If the relatioaships within
the wodel between daily intake and daily livewelght gain are correct,
then tho potentizal levels of intake implicit in the model will only be

as high as thoze levels of 1ntake achieved on comumercial farus,

The potesatial daily liveweight gains (intakes) used are presented
in Table 4,5 and the implications of tnis restriction are discussed more
fully in Section 4,5,1.5.

4.,2.2 Tactors That Affect Tuoe OShape Of The Function Relating
Avad.lahle Pasture To Intake

Several overseas research workers have shoun that the relationship

betueen pasture intake/hecad/day aand feed available/head/doy ie curvilinear,

Hull et al (1961) grazed beef animals at 5 stocking rates with
pasture being spelled for 35 days bLetween grazings, Over the 2o days
of the experiment (which was repeated over 3 years) the animals in each
stocking rate treatment were exposed to a wide raage of pasture availabil-
ities, Hull et el found a high cerrelation between the pasture available/
head before grazing aad the intake/nead measured as digestible eaergy in-

take, Tnis relationship was described by the function:

y =0.16 - o.29i

. A . Cals,D.F, )
where y = daily intake por animal g%liie:elﬂig)'75§
and x = avallable pasture per animal per day

(le._ll-Jiq. 75 ¥ J..Q_-)
((Liveweight)® 1)

A grephical representation of this relationship is presented in
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Fig, 4.2, assuning that the animals being fed were 600 1b liveweight,

and the feed conswned contained 120 M, Cals of D,B. per 100 1lb of D.M.

The line oa 1in Fig, 4.2 represents a situation where all available
feed is eaten, Lt can be seen from Fig, 4,2 that helow a daily pasture
allowance of 12,5 1lb/nead/day the relationship of Hull et al (1961) no
loanger holds, since the amount eaten exceeds the amount offered, Tnis
may be partly due to the fact that Hull et al saapled the pasture availiable
at a 2" defoliation heizht, Where pzsture avallability was low the

aninals may have in fact grezed below tinis 2" height,

Greenhalgh et al (1960) found a curvilinear relationship between
daily intexe by dairy cows and daily pasture available, Animal intake
and available pasture were measured in six periods of the year, Available
pasture was the amount of D.l. present above a 1 - 2" sampling height.
Where 25 1b D.il./cow/day was offered nearly all the available pasture
vwas eaten, Increments in available pasture of 10 1lb D.H./cow/day re-
sulted in reduced increments in the amount of pasture eaten ver head,
Increaging pasture available from 45 to 55 1b D.H./head rasulted in no
further increase in intake/head, Nnilc the pasture fed in ezch of the
six sampling periods of the experiment varied coansiderably in teras of
pasture density (2000 = 4000 1b D.i./acre) and pasture species (ryegrass
v5 cocksfoot) the relationship between per head iatake and pasture
available/head was curvilinear for all periods. However, the zbsolute
apounts of intaxe relative to pasture available did vary betweeun periods,
The results of Hutton's (1903) work susgest that this may have been due
to changes in the physiological state of the lactating animals as well
as to chaages in the pasture factors (density and type). No atteapt,
however, was made by Greenhalgh et al (1966) to apportion the intake

differences between periods to animal or pasture factors,

Reardon (1975), after some preliminary investigations into the
efrfect of supplementary feed on the intakes of grazing beef animals
during swuamer, recognised the complex nature of responses in pasture
intake where grazing animals were offered various amounts of available
pasture D.H. The deasity of pasture offered in Reardon's experiments
ranged from 1700 to 3900 K¢ D.M./ha, Where extra pasture was made

available in the foru of pasiure with more D.M./unit area on it, an
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Fig, 4.2
A_Relationsnip_ Between Pasture Available/Animal.
And Intake/Animal
(Adapted from Hull et al (1961))
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4o2.,2 TFactors- That Affect The Shape Of Tne Function Relating
Available Pasture To intake (Continued)

extra kilograem of D.M. av2ilable per head resulted in an increase in
intake/nead of about 0,3 Kg.

where extra D.!./head was made aveilable by increasing the area
to be grazed, intake/head remained practiically unchanged where the
pastures had only 1700 - 2200 Kg D.i./ha present. On pastures with a
higher deasity of D.id. present (i.e, > 2200 Kg D.M./na) increasing the
D.H. available/hezd by increasing the area grazed did result in increasced
per head intakes, While warning that these results must be regarded

as provisionzl, Reardoa stated that:

"they indicate that exitra pasture D.i., offered as longer
or deaser pasture has more effect on intake than extre

D.M. offercd in the form of larger areas of pasture,"

{f these preliminary findings of Reardon (1975) are fouad to be
true, then the validity of funztion (L) in Fig, 4.1 is called into
question, A generalised representation of the results discussed oy
Reardon is preceated 1n Fig, 4, 3, Fuaction (1) represents the situation
where increased pasture is ofiered in the form of denser or loager pasture.
Function (2) sihows the likely response to increased pasture D.il./head
in the form of increased area where pasture density is low (< 2200 Kg
D.d./ha) and function (3) represents'ths situation where an increased

area of pasture wita more than 2200 Kg D.M./ha preseat is offered.

Tayler (1966) investigated the effect of grazing mansageaent on
beef production, using carcass energy gain and weight gain as measures
of animal production. The nusber of animals wilt area/day were varied
so that grazing treatwments included, hard and lax grazing of long pasture
and, hard énd lax grazing of shorti pasture. Teyler was uaable to find
any relationship between intake (as ueasured by carcass energy gain or
carcass weight gain) and the amouat of pasture available/head/day. He
¢id however, find a positive straight line relationship between animal
perfomance (intake) and the height to which pasture was grazed. The
animals used by Teyler were subjected to a wide renge of vslues for

grazing area/animal Z) and pasturs D.M./area,(¥) For any given value
s \ 4/ P
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A Generalised Representaticn OFf The Results OF

Reardon_(1975)

(1)

G ek (3)
Kg D.M./hd/doy

(2)

D.M. Availuble/hd/dey

Function (1): Incremeats in D.M. made availsble

by offering more D.M./ha,

Function (2): Increments in D.M. made available
by offering a larger area of pasture
to be grazed (where D.M./ha is
1700 — 2200 Kg D.if./ha).

Function (3): Iincrements in D.d. made available
by offering a larger area of pasture
which has wore than 2200 Kg-D.M./ha

on it.



4,2.2 Factors That Affect The Shape Of The Function Relating
Available Pasture To Inteke (Continued)

of Z, N or X Tayler found that intake/head, (y) was some function (g),

of pasture residue/ha,
i.e. y = g (pasture residue/hu)

However; as discussed in Section 4.2, residue/ha can be

expressed as:

N
7 (k-

where x = aveilable feed/head,

Hence, the relationship observed by Tayler may be expressed as:
N

y = 8 (Z (X-y))

Since in this relationship, intake/head, (y), is Jdependant on the
inteke/head, (y), achieved, it appears to be of little use in the plznuing
of a management gystew where the objective is to make pasture available
so that a predeteruined level of intake is achieved. Furthermore, the
reletioaship above could be arranged so that intske/head, (y), is some
function of feed available/head, (x). That Tayler could not find such
a relationship would appear to be due to the experiwmental technigue used

rather than the hypothesis that such a relationsnlp does not exist.

Hence experimental evidence on the shape of the function relating
intake/head to pasture available/head is in conflict. Hull et al (1961)
suggest that one function will describe the relationship for a range
of pusture conditicns, while, Greenhalgh et al (1966) and Reardon suggest
that the function does vary with pasture conditions (particularly density).

The work of Tayler (1966) appears to be inconclusive,

4,3 The Representation Of Animal inteke Within The Model

The heights to which pasture may be grazed, and the pasture

available above those heights, have been defined within the pasture
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production model, Animeal feed requirements are specified(1) on a
per head basis for each period of the year so that a predetermined
pattern of liveweight goin will be achieved, The model then deter-
mines the area of pasture and height (severity) of grazing so that
'the naxdmun nunber of animals can achieve the predetermined pattern

of livewelght gain,

Thue, if in the "t"th period of the year, per animal require-
wents are Yy Kg D.M./animel, and if W % animals are grazed, then totel

pasture D.d. requirement is b nIt, If thie awount of pasture D,H,

available per ha is X, kg and residue per ha is either Rt or R, for

t £
the lax and severe grazings respectlively, then the area, A . reguived
for grezing in period t is either:

vy Ny ye Ny
(X, - PLL) - B or (%, - B>) -
27 % % S B t
. L S L R}
5 > N >
Since }t Rt’ then At At
Stocking rate, St, is either:
: L S
(£g =~ By SL (Zy - &) s
= . or T = S
o v Tt v
L =S
and St < S¢
Pasture D.M, available per head is either:
x—'“':&" = xL or xt i = xS
L B t S B t
(& - By) (g = &)
L S
and Xy > Xy

But within the model it is assumed that inteke per head, Vi is
the same in both cases, Also, since pasture residue is different in

each case, the model of animsl intake corresponds neither to that des-

4

cribed by Fig, 4.1 nor to the relationship hypothesised by Tayler (1965)

\

(1) The specification of animal requirements is discussed in Secticn

4.5.1,
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The model assumcs that where pasture available per head is xi

Kg D.M., an inteke of Ve Kz D.i1. /head/day will be achieved, thus leaving

Q

a residue of Ri Kg D.ii./ha. Since xi > xb we would expect y% > yz

t
and hence actual residue per ha to be less than the stated residue

(Ri), where Yy is less than ad libitum intake, In this situation

animal intake could be controlled at level Yi by on-ofl" grazing. It
animals carmot meet requirements (yt) under the severe grszing assumption,
then the model would not represent reality. lHowever, insufficient
quantitative data on livestock intekes under grazing conditicns pre-
vented validation of the assumptions made. The implications of these

assumptions are discussed wore fully in Section 6,2.3.

A The Conversion Of Feed Intcke Into Animal Production

‘Blyant (1971) has discussed the partiticning of feed cnergy
within the ruwinant animal, A diagramnatic representiiicn of tiils
process is vresented in Fig. 4.4. ietabolizable cunergy (M.E.) is a
reasure of the energy available for use by the animal; that is, gross
energy (G.E.) less the energy wasted in fzeces, urine, and the gases
(mainly methane) associated with digestion. Net energy (N'E't) dssgra
measure of the productive energy of a feed. It is ihe energy used
by the aniial to sustain production (N.E.g) and to maintaln essential
body functions (N.E.m). Heat increment (H.I.), (the difference between
available and productive energy) is the heat associated with fermentztion

and metabolism,

4.4.1 The Energy Value Of Feed

While the M.E. content of any particular feed does vary with the
level of feeding, and the anicals to which it is fed, the Great Britain
Agricultural Research Council (4.R.C. (1905)) has shown that M.E. equals
approximately 82% of D.E. for a wide range of feeds and feeding condi- -
tions, The A.R.C. (1965) has also shown that M1.E. is utilised more
efficieatly for maintenance than for liveweight gain (production), The
~ N.E.t content of a feed will therefore depend on the amouat of il.E,
that is used for maintenance (N.E.m) and the amount used for liveweight

gain (N.E.g). This is illustrated in Fig, 4.5.



Fig, 4.4
~_Partitioning Of Feed Fnergy Within The Ruminsnt

(Source: Brvent (1971))
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4.4.1 The Energy Value Of Feed (Continued)

The line ca in Fig, 4.5 renresents the situation where 211 iM.E,

is used as N.E, ., The line obc shows the relationship between iM.E.

t
and N‘E't' Thus, where up to X1 units of M.E. are fed the N'E‘t value
of the feed/Kg L.M. equals:
2 S
L)y (GLE./Kg D)
(%)
Up to this point (b) H E., = N.E. . Where X, units of il.E. are

fed the N'E't value cf feed equals:

x (4.E./Eg D.M.)

b

Levels of feeding between X1 and X2 units of {.E, result in

different N°E‘t values for the feed e.g. at Xo’ N'E’t value equaly:

L L
(X, )

The efficiency with which M.E, is used for maintenance ("‘l the

)( 2
1 feed

slope of the line ob) is relalively constant regardless of the
used, (The A.B.C. (1965; use a figure of apout 0,7, wnile the N.R.C.
(1970) use between 0,6 - O, 7) Hownuer, the efficiency with which M.E.
is used for liveweight gain ( ] the slope of the line bc) does

X - X

2 1

vary markedly between feeds, (The N.R.C. quote figures between 0,20-
0.50), and in particular it varies with amount of M.E. per unit weight

of feed,

4.4.2 Systems For Expressing Feed Feguirements

In the planning (study) of animal production systems it is necessary
to devise a set of feeding standards that express animal requirements

and the feeding value of various feeds in the esame wnits, so that animal
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production way be specified for a given level of feed supply, or con-
versely so that the feed required to sustain some level of animal pro-

duction nay be deteruined.

Joyce (1971) has reviewed the feed requirewents of beef animals
for maintenance and prodactiocn, While published H.Z. work and overseas
work did vary in absolute teres, all the work cited by Joyce showed that
the feed requirement/animal for maintenance increased with increasing

livewelight,

Siutlarly, the two major overseas sources of feed reguirement
data (i.2.C. (1970), A.H.C, (1905)) varied in the specification of the
feed required, above maintenance, for liveweight gain. In general
however, the feed reguirement per unit of liveweight gain increased as
aniuals became hezvier, and for aniwals of a similar liveweight increrents

in daily liveweight gain required increasing increuents of feed,

Since N.E. is a wmeasure of the actual energy used by the animal,
animal requirements expressed as N.E,m and N.E.g will rot vary, regarc-
iess of the feed used, The §.2,C, {1970) have exprossed the feed re-
quirements of beef animals for maintensnce and livewelght gain ia terma
of N.E.m and N.B.g. Comumon feeds are also defined in terms of N.E.g
and N.E.m per unit weight of feed, Under the assuamption that the aniwal
requirenent for N.E.m are uet before N.E.g, aniral performance can be
determined for any given level of feeding, Siwilarly the weight of
feed needed to sustain some level of animal performance can be calcu-
lated from the N.R.C. (1970) tables. The method of calculation is

illustrated in the following example.

Example: From the N.R.C. tables a 300 Kg steer requires 5,5 mega-
calories (M,Cal) of N.E.m per day for maintenance, To achieve 1,2 Kg
of L.W.G./day the ssme animal requires 5.27 M.Cal of N'E'g‘

Where a feed contains 1,9 M,Cal, N.E.m/Kg D.M. and 1,19 M,Cal
N.E.g/Kg D.M., thea the animal uust be fed 7,3 Kg D.M. to achieve the

gain specified above since:

%*%0 = ‘2;90 Kg D.M, =~ maintenance ration
221 4. 40 Kg D.M. =~  production ration

1.19

3

. Xg D.M., =  total ration
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The experimental deteruination of feed values and animal require-
ments in terms of N.B. is a difficult and time consuming task (see
lofgreen and Garrett (1968)). ifeny of the feed values in the ¥.R.C.
tables are estimates of .. content rather than experimentally derived
values, The applicstion of the WH.K.C. feeding tables to New Zealand

grazing conditions 1is discussed more fully in Section 4.4.2.1.

The A.R.G. (1965) use svailable energy (M.E.) as the besis for
their feeding standards, Since it has bheen shown by the A.R.C. (and
others) that the utilisation of M.E. by animals for liveweight gein
varies with the amount of IL.E./unit weight of feed, M.E. requirements
must be expressed for a range of feed qualities (concentrations of H.E.).
This is done in a tabular form with the A.R.C. feeding tables. Then
for any given feed quality, animal liveweight, (L.W.), and level of
liveweight gein (L.d.G.), the feed requirement can be read from the
tables,

little work has been done in New Zealand defining the energy
requirements of beef cattle for a renge of L.w. and L...G. under grazing
condition, The approach adopted has been one of measuring animal in-
take and aninal perforuance in Jew Zealand ana then comparing the results
with overseas feeding standards, using conversion factors to put the
overseas standards and the dew Zealend work on the same basis e,g, Joyce

(1971).

4olreRe 1 Published Feeding Standards

A set of feeding standards have been published in the booklet
"Feed Budgeting", (prepared by the Animal Husbandry Section of the
Ministry of Agriculture and Fisheries). Scott (1973) reports that
these standards (Table 4.1) were extrapolated from N.R.C. (1970) N.E. figures
by a group of scientists at HRuakura and in the opinion of these scientists
they equate reasonably well with unpublished work that has been carried
out in New Jealand, The standards as presented in Table 4,1 are based

on the following assumptions;

1. 1 Kg pasture D.M. provides 2.47 M.Cal M.E.



Table 4.1

Feed Requirements Of Growing Beef Animals (Ke D, /Head/Day)

0,25
0.50

0.75

1.25

1.50

Liveyeight (Kg)

100 150 200 250 300 350 400 450 500
1.61 2,19 2,72  3.21 3,68 4.4 457 4.99 5.40'
2,08 2.83 3.51 4,15 476 5,30 5,91 6,45 6.98
2.59 3,50 4,35 5,15 5.89 0,63 7,32 7,99 8,65
3.11  4.23 5.1 6,20 7,11 7,99 £.83 9.63 10.41
3.67 4,98 6,18 7,32  8.38 9,42 10.47 11.36 12.28
4,20 5,78  7.17 8,49 9,72 10.94 12.08 13.18 14,20
4,88 6,62 821 9.72 11.13 12,51 13.83 15.09 16,32
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be/e2,1 Published Feediag Standards (Continued)

2, M.E. made available by pasture is utilised with
a 614 efficiency for maintenance and 374 efficieacy

for liveweight guin
W.E. N.E,
m

= —_

0.01 * 0,37

i.ey MJE., =

Iowe (1971) produced a similar table of feeding standards based
on the H.R.C. (1970) N.E. requireueats. The wainteaance requiremeat
was Taised by an arbitary 305 to allow for energy cxpended in the grazing
process, The conversion of N.E. requireanents to D.!{. 18 not discussed
except to say that it was doue in collaboration with Massey University
staff,

Jagusch (1973) has preseated a table of feeding stundsards basad
on the A.R.C, (1965) recommeadations, Requiremcats sre expressed as
M.E,/head/day and are increased by 205 above the 4.R.C. figures to allow
for extra enersy speat in the grazing process, As well as being speci-
fied for a range of L.W. (200 - 400 Kg) and L.4.G. (0 - 1,5 Kg/head/day)
the requireaecnts are also specified for a range of feed guality (1,8 -
3.0 M, Cal. M.%./Kg D.M.)

Fig, 4,6 compares the feeding requirements published by Iewe and
Jagusch with those presented in Table 4,1, Jagusch's iM.E. requireneats
for a feed coatwiniag 2,06 if.Cal, M.E./Kg D.M. were converted to D.i. by
dividing by 2,47 (the pasture quality 2,47 i,Cal. M.E./Kg D.M. is assuued
in Table 4.1).

Three L.W.'s (200,300, 400 Kg) and four levels of L.4.G. (0, 0.5
1.0, 1,5 Kg/head/day) are considered in Fig, 4.6, The feed requireuents
as expressed by Lowe and Jagusch (derived from il.R.C. and A.R.C. resvective-
ly) are similar for the L.W.!s and L.W.G.'s considered. (Jaguscli does
not, quote a requirement for 1,5 Kg L.W.G./head/day where a feed quelity
of 2,6 M,Cal, M.E./Kg D.M., is used), Coaparing lowe's figures with
those from Table 4,1 illustrates the divergence that may exist when the
same original staadards (N.R.C.) are converted to terms of D.f. In
particular the maintenance requireaeats are lower for Table 4,1 and the

increments in requirewment for increameats in L.W.G. are higher for Table

4o 1.
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4,5 Feeding Standards Used In This Study

Because there is no couclusive evidence 1o nrove tnat sny one set
of feeding standards more accurately represent the feed requirements of
 grazing animals under Wew Zealand conditions than any other; and because

the standards presanted in Table 4,1 are in wide use throughout New
Zealand because of their inclusion in the booklet "I'eed Budgeting", they
were considered to be sufficlently accurate for the purposes of this

study.

4.5.1 Calculation Of Feed Reguirements

Experimentaticn with the wmodel is an iterative process, in which
the fecd requirecmcnts to meet a predeternined pattern of L.W.G. are
calcﬁl&ted on a per head basis for each period of the year, and then
recalculated several times o meet changed patieras of L.W.G. Thus
some method was needed so that animal reguiremeats could be calculated

ulckly for a ranze of L.W.'s and L.W.G.'s rather than extrspclatin
q S i

(2]

then fron Table 4. 1.

To achieve this, the relstionships inhereat in the data presen*ed
in Table 4.1 betweon:

1. maintenauce requirement (0 L.W.G.) and L.,
and

2, production requircaeant, and L.W. and L.W.G.

were specified and incorporated in a simulation programme which was rua

on Massey University's 1.B.M. 1130 computer,

Given infomation on the animals initial L.W. and the L.W. to ba
achieved by the beginning of each period, the enimal requiresents model
can calculate the L.W.G. to be achieved in each period, and the awount

of feed required/animal/period to achieve that level of L.W.G.

4,5.1,1 The Relationship Between Animal Liveweight And
Maintenance Requireneat

The maiutenance requirements (O L.w.G.) outlined in Table 4.1 are
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presented as a function of L.W. (Kg) in Fig, 4.7. Where requirements

. r
are expressed as a functioa of L.w.‘{5, the relationship as shown in

Fig, 4.8 is linear and cvan bs descrihbed by the tunection:

MINT = 0.05 L.wa'75 (4o 1)

where

MINT Intake required/head/day for maintenance (Kg D.M.)

Equation (4.1) ig included in the animal requirements model,

a
LQN.'7D is calculated as the (liveweight)’7) on the middle day of each
X
period, (/D L.4.°'”?).  Average daily MINT is then calculated as
0.G5 MEDL.W.'75 for each period, MINT times the number of days in

the peried (7 or 14) gives the maintenance recuirement/nead/veriod.

4.5.1.2 The Relationshin Betweea Anminal liveweight, Level Of
Perforaance (L.u,G.) And Production Requirement

The production veguirement is defined as the asmount of feed
reguirad/aniual cbove maintenance to sustain some level of L.W.G.
Frop the date preseated in Table 4,1 production requirements can be
calculated for animals ranging from 100 to 500 K¢ L.W. achieving from

0.25 to 1,5 Kz L.W.G, Inese figures are presented in Table 4,2,

When production reguirement is expressed as a proportion of

L.w.‘73 (Table 4,3) then for each level of L.W.G. the producticn re-
215

quirement/I.\. is the same over the range of L.W. considered. (e.g.
fer a daily L.W.G. of 0,25 Kg, the production requireaent is 0,015 Kg
D.M./Kg L.w.'75, regardless of animal L.W,). Furtheraore, the relation-

75

ship between L.W.G. and production requirement/Kg L.W.° can be approx-

imated by a linear function (Fig., 4.9) described by equation (4.2)
L.W.G. = 0,075 + 0.14 (%L:T, 5)(100) (4.2)
where
PINT = Intake requirement/animal/day
above maintenance (Kg D.M.)

Rearranging Equation (4,2) results in

PINT = (L.W,G. = 0,075) L.W.<? (4.3)

14
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Fig. 4.7

Maintenance Requirement As_A Fuaction Of livewelint
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Table 4.2
Production Hequirement For & Range COf Idiveweights, And
wiveveight, Gain (Kg D.M,/Hd/day)
Liveyeight (Kg)
L.W,Go/ 100 200 300 400 500
025 WAl .79 1,08 1.34 1.58
.50 .98 1.63 2,21 2,75 3.25
075 1050 2-42- 3-4’3 4-26 5001
1.0 2,06 3.46 4,70 5,84 ©,88
1.25 2,65 bob5 6, 04 7.51 8,86
1. 50 By 5.49 T.45 9,20 10.92
Table 4.3
Production Reguirement/fg L¢H.°75 For A Range Of Tivewelght
And ldveyeishit Gein (Kg DM, /Hd/day)
Liveyweight (Kg)
L.W.G, 100 200 300 400 500
(Kg) LW, "2 (Kg)
31.62 53,19 72,07 89,45 105.7
29 . 0,015 0,015 0,015 0.015 0,015
o0 0.031 0,031 0,031 0.031 0,031
'.75 0,047 0,046 0,048 0,048 0,047
1.0 0.06% 0,065 0,065 0,065 0,005
1.25 0,084 0, 084 0.084 0.084 0,084

1.50 0. 103 0. 103 0.103 0. 104 0,103
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be5.1.2 The Relationship Between Animal Liveweight, Lewvel Of
Perfornance (I,,W.G,). And Production Reguirement (Continued)

By calculating the L.W.CG. attained in each period, and ‘the
L.W.* "2 in the middle of each period (MED L.W.'75) the znimal require-
ments model can use Equation (4.3) to calculats the average PIWT for
cacihh period, As in the calculation of MLINT, avervage PINT times the
nuasber of days in the period gives the production requiremeant/animal/

period,

4.5.1.3 The Efrfect Of Pasture Quality On Feecing Stendards

Pasture quality within this stludy is defined in temas of the
M.E. conteat per wilt weight of pasturae, As pasture digestibility
changes throughout the year {(Hutton 1902) it will be associated with
changes in ths M.E., ccatent of pasture, Also the energy content ef
pasture will decrease as pasture regrowth becomes more matuve (Armstrong
1964).

Changes in the M.E. content of pasturc will affect focding
standards in twe ways where the feeding standards, as included in the
animal regquirexents model, are expressed in terns of D.il, [IFirstly
increased {(decreased) amcunt of M.E./Kg D.if. will lead to higher (lowar)
absolute levels of available ensrgy from a given quantity of pasture,
And secondly, the changes iu il.E. conteat may lead to differences in
the utilisation of available energy within the animal, In particular,

the relationship assumed in Table 4, 1:

N.E. N'E'F
I‘{ch. = 0.61 + 0.37

may not hold for all seasons of the year,

While differences in the utilisation of M.E. for prvduction have -
clearly been shown to exist between different feedstuffs (A.R.C. (1965)),"
the situation with pasture is not so clear, Ulyatt (1969, 1971) has shown
that animal response does vary betweaa different pasture species,

However, he has been unable to link these differences to clearly defined

measures of pasture quality (e.g. M.E. content),
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The approach used within this modelling study is 1o asswne that
the relationsﬁips defiaing the utilisation of available energy, inherent
in Table /4,1 hold throughout the year, The levels of available energy,/
Kg D.M. however, are varied between periods according to the recomumend-
ations of Huttoa (cited Pollard (1972)). Furthensore, the M.E. concen-
trations used, are assuned to apply to all pasture available for grazing
regardless of the length of spell between grazings, The M.E. concen-

trations used are presented in Table 4,4.

Table 4.4 - Pagture Ovality Changes Throushout The Year
(iM.Cal, M.BE./Ke D.11,)
Source:  Polluird (1972)

Period M, Cal, M.JB./Kg DM,
1-6 2,65
7 -1 Burl
12 =15 2.5
16 =20 2,65
21 -30 2.8

Hence feed requirements are calculated using the relafticnships
discussed in Section 4,5.1.1, a2nd 4.5.1.2, assuring that pasturc contains
2,47 M,Cal, I1.E,/kg D.M. The total feed reguiremsnt (Kg D.M./animal/
period) is then adjusted by the relevant factor from Table 4.4. for
exaiple, a per animal requirement of 100 Kg D.M. for pcriod 1 is sdjust-
ed, by the factor 247 within the animal requirements model so that the

2. Os
actual feed requireament is 93 Kg D.M./animal.

4.5.1.4 A Consideration Of Compensatory Growth

Joblin (1969) has defined compensatory growth as:

"the capacity of cattle to grow more rapidly after a
period of underfeeding than after a periocd of nommal

or high-level feeding,

The phenoumenom of ccmpensatory growth has been demonstrated in

young cattle in New Zealand (e.g. Jablin 1959). The amcunt of extra
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growth achieved has been variable between experiments, however, and

has never eatirely made wp for the Jess of growth caused by the period
of underfecding, Allden (1970) after & comprehensive review of coum-
pensatory growth concluded that it is often due to the underfed snimals
being lighter than the well-fed animals and heace eating more feed/unit
LW, when full-feeding is continued for both groups. LWhere underied
and full-fed animals of a similar I..W. show differences in L.W.G. when
both are szgain subjected tc 24 lib feeding conditione, the explanation

of compensatory growth mey be cither:

1. the lower basal metabolism and hence lower
maintenince requirements of the previously

' underfed animals

| or

2. an increased efficiency in the utilisation
of feed energy for 1l..W.G. by the underfed

animals

In th=z absence of reliable guentitative data on compensatory
growth, no adjustmsats in the feesding standards used ii this modsl are
made, Tnat is, the feeding requirements for maintenwnce and L.W.G.
as defined in Equations (4.1) and (4.3) are assumed to hold regardless

of the level of feeding in previous periods,

4.5.1,5 The Significance Of The Intake (Liveweight Gain)
Restrictions in The Feed Requirements ifodel

Maximun daily intake per animal is dependant on animal liveweight,
condition, and feed quality (discussed in Section 4.2.1), 3% of live-
weight is often used as an approximation of the amount of D.M. beef

animals ma2y consume daily (Wright 1975),

In the absence of quantitative data on maximum daily intakes, a
restriction has been placed on the animal requirements model so that
the maxinue dailly L.W.G, animals may achieve is related to animal age,
These maxdmun -daily L.W.G.'s (presented in Table 4.5) are based on the
author's knowledge of maxdmum L.W.G.'s that animals coneistently echieve

on commercial farms, and on wanublished data from Mathcws (1973).
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Under the sssumption that the feeding standards used in the model are
correct, then the maximum intukes possible within the model will not

exceed those that are achieved in the real-life situation.

Table 4.5 Maximua Daily liveweight Gain (L.W.G,) Allowed In The Model

Age (months) Periodg Maximum L. W, G, /day
Bls 10 1~ 16 .85 Kg
10 = 13 T =l 1.0 Kg
13 ~ slazughter 25 - slaughter 1.5 Kg

Where en animal purchased inte the system in period 1, at 90 Kg
L.W. grows at the maximua allowable rates, intake (D.M.) expressed as
a percentage of L.W. varies from 2,6% to 3,45, These figures are
presented in Table 4.6, The feed reguirements are calculated using
the relationships from Equaticns (4.1) and (4.3) and the effect of pasture

quality has not teen taken into acccunt.

Table 4.6 D.M. Intekes, Necesgary To Support Maximun Deily

Liveweight Gain, As A Percentsge Of liveweight

Periocd L.W. Maximum Intake [ Intake _1_0,@]
(Ke)  L.M.C.(Kg/Day)  (Kg D.M.) N
Start of 1 90 .85 3.09 3.4%
End of 16 257 .85 6,79 2,63
Start of 17 25§ 1,0 7.48 2.9%
End of 24 369 1.0 9.80 2,63
Start of 25 369 1.5 12, &0 3.4%

While this intske (L.W.G.) restriction is recognised as a simpli-
fied representation of the real-life situation, it is considered to be
adequate for the purposes of the study.

4o 6 Sunmary

The amount of available pasture that grazing beef animals will

eat remains unclear, Little quantitative datea exists on the potential
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intake/hecad of grazing beef animals, and no satisfactory relationship
between per head intake and availatle pasture (per head or per unit area)

could be found .in the relevant literature,

The assumption is made within the wmodel that animals can harvest
pasture D.i, down to either one of two grazing heights, and where nece-
ssary on-off grezing is employea so that pasture residue efter grazing

is always at the level specified in the pasture production model,

The utilisation of energy from pasture irnteke by beef enimels is
discussed, and published feeding standards are compared. A set of
feeding standards based on N.R.C. (1970) N.E. studies are adopted and
a model for calculating feed reguirements is discussed. ilaintenaiice
requirement is shown to be a function of L.W. and the inteke above
maintenance required to sustsin production is a function of L.W. &nd
the level of L.W.G. desipred,

Pasture quality (M.Cal. M.E./Kg D.M.) is assumed to vary tlreugh-
out the year, No allowance is made for changes in guality due to the
length of spell between grazings, or to the height to which pasture is
grazed. Changes in feed reguirements caused by previous low levels of

feeding are not considered in the model,
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EHEA B R B R R TR

MODEL EXPERIMENTATION Aff) RESULTS

5.1 dntroduction .

Beef prcduction is considered for Friesian bulls growing from
100 Kg to 280 Kg L.W. Four separate (length of) production processes
are defined, The ameunt of beef carcass produced is then dependant on
the number of animals grazed in each prcduction process. in experiuea-
tal procedure is developed so that the mocel can be used to muaximise

stocking rate for each production process,

Associated with each of these maxiruw stocking rates is a grazing
management plan which supplies sufficient pasture sc¢ that the pattern
of L.W.G, defined, is achieved, Grazing management plans for each pro-
duction process are compared; and the complexity of these plans is dis-

cussed in relation to the real life situation,
A method of considering supplesnentary feeding in the model 1s

outlined, and the increases in maxiwsue stocking rate achieved through

supplementary feeding are discussed.

51,12 The_Aniwmals_Consicered_In The ifedel

The beef production system modelled in this study involves purchase
of Friesian bulls at 3 months of age and 100 Kg L.W. and the grazing of
these animals until they are sold for slaughter at 15 - 21 uonths of age
and 380 Kg L.W. '

Bull carcasses sold to Meat Exporting Companies fall into a single
grade (manufacturing). Hence carcass weight and schedule price are the
parameters determining carcass value in this model, In the past, an
increéase in schecdule price has applied to carcass weights above 180 Kg.

A slauvghter weight of 380 Kg L.W. has been chosen in this study since
this weight has been used by wmany tarmers as a target liveweight to be
achieved by Friesian bulls before their second winter, This weight

(380 Xg) corresponds to a carcass weight of approximately 190 Kg, (Kirton
1973).
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543 The Stockine Rate Decision

Where a. farmer bu&s three moath old weaners ana finishes them
befores their second winter, he must decide each spring the number of
animals to purchase, The stocking rate he chooses (anumber of animals/
ha) is hased on his knowledge of the beef production system snd the
level of production he requires the system to achieve. System productisn

(in physical tewms) is:

T : = 4 ﬂ Y
Slaughter weight Purchase weight | « Number of

per snimal per snimal animals

The famrer might 2lso be interested in the length of time the

animals need to be grazzd within the system because:

1, schedule prices do vary throughout the year
and generally are higher in the early spring

period, and

2, enimals carried inty a stecond year of grazing
conpete for feed with the weaners purchased in

that year,

To investigate the number of animals that could be grazed from
purchase at 100 Kg L.W. wntil slaughter at 380 Kg L.W., assucing the
pasture production possibhilities as presented in Chapter 3, four heef
production systems, BXEF 1, BEE? 2, BEEF 3 and BEEF 4, wer2 defined.

For each system, a length of production process was defined,

5.3.1 Beef Production Systems

Detsila of each éystem are presented in Tabhle 5,1, For each
system it is possible to define a level of L.W.G. (Kg/2ninal/period)
for each period(1) of the grazing year so that the animals will achieve
slaughter weight in the defined period, Daily L.W.G./animal {(Period L.W.G./

animal =-14 or 7) must be constrained to the levels prescated in Table 4,5.

(1) The periods of the grazing year are presented in Table 3,4.
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Table 5.1
Beef Production Systens
System  Purchase Purchase Slaughter Slaughter Length of
L.W.(Kg) Date (start Weight (Kg) Date (start Produc tion
of period) of peried)®* Process (ifths)
Beef 1 100 1 380 1 12
Beef 2 100 1 330 7 14
Bsef 3 100 1 380 11 16
Beef 4 10C 1 380 15 18

# Slaughter dete periods are in the year following purchase date periocds,

The animal requirements model (Section 4.5.1) can be used to calculate
the feed requirements (Xg D.M./animal/period) for the animels in esch

system to m=et the predetemmined pettern of L.W.G.:

a pattemn that ensures the animalsg reach slaughter weight

in the prescribed period (from Table 5, 1),

A stetus q;g situation is asswned, That is, the sawe nurher cof
weaners are purchased each year, Because the length of production
process for BEEF 1 is 12 months, finished catile are slaughtered (scld
from the system) at the same time as replacement weaners are purchased,
The production processes for BEEF 2, 3 and 4 are longer than one year,
and hence weaner cattle and yearlings are grazed together for scie pericds
of the yesr. This doubling up of stock occurs in periods 1 - o for
BEEF 2 periods 1 - 10 for BEEF 3 and periods 1 - 14 for BEEF 4. The
feed requireuwents model aggregates the period feed requirements for
weancrs and yearling cattle where overlap of the classes occurs, so that
feed reguirements need only be considered for the (30) periods of one

grazing year,

The per head feed requirements corresponding to a predetermined

pattern of liveweight gain for any one of the B%EF systems are added to
)

the pasture production model as a BEEF activity.1 The linear programua-

ing model is then used to determine the grezing management that maxdmises

(1) See Appendix 2 for details.
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stocking rate for this BEEF activity.

0 5,32.2 Maximisation Of Stocking Rates For Beef fctivities

Let Rj be a vector of feed requirements for the jth BEEF
activity (Kg D.!./head/period).

Let 4 be a vector of feed supplies made available by the pasture,
production model (Kg D.M./period).  Then,

Ryx; < 4 (5.1)
where xj is the number of animals grazed, For coaveaieace, the area
of land coasidered for the beef producticn systewm is 1 ha, so that X
is stocking rate for the jth BLEF production system.,  The maximum ‘
stocking rate for each BEEF activity'was estimated by an iterative

process:

1. A pattern of liveweight gain and the corresponding feed
. 1 - N .
requirement vector (R;) was specified, and the model uced

to naximise stocking rate (xj).

2., The feed constraint rows of the model were exawninzd to
identify periods ia which supply (of feed) excecded
demend, 1i,e. R.1. x1. < A,

1) 7 i

and periods in which supply equalled demand,
. 1 1
l.e, B](J Xj = Ak

3. liveweight gains, and hence feed requirements, were
reduced for periods in which depand egualled supply;
livecweight geins, and hence feed requirements, were
increased for periods in which supply exceeded demand,
These adjustments were made subject to the ceoastraint
'that slaughter weight and length of the production
period were maintained and subject to maximum rates
of gain presented in Tsble 4,5. Thus a. second vector

0
of feed requirements was defined: RE,

4. ‘1he model was then used to maximise stocking rate (x?)

(1)

and the procedure repeated.

{1) Where no slack existed in any feed now, shadcow prices were used to
indicate the "relative slacknesg! of the congiraints
MASSZY UNIVERSITY

: LIBRARY
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The maximuxr stocking rates for each BEEF system are presented
in Table 5,2,

Isble 5.2
Maximun Stocking Rateg For BEEF 1, 2. 3 And /4
System Maximun Stocking Rate
(Animals/ha. )
BEEF 1 0,08
BEEF 2 6,72
BEEF 3 6,22
BEEF 4 S

|

|

The liveweights achieved by the animals in each producticn system
where stocking Trate is a maximum are presented in Fig, 5.1. The vertical
axis defines L.W, from purchase at 100 Kg to slaughter at 380 Kg. The
three horizontal axes define the periods over which the animals are
grazed, Periods 1 - 15 (bottom axis), and 16 - 30 (middle axis) account
for the first 12 months that the animals are grazed within the systenm,
(They account for the entire production process for BELf 1), Periocs
31 = 45 (top axis) represent the 15 periods ia the following grazing year
during whica animals may be grazed, (i,e. the 31st ~ 45th pericds that
the animals are on the farmm), As discussed earlier, the feed require-
ments for periods 31 - 45 of the production prccess ere aggregated with
those for periods 1 - 15 so that only one grazing year (30 periods) is

considered,

The actual daily liveweight gain achieved by the animals at
naximun steckiag rats for BEEF 1 and BESF 2 are presented in Fig, 5.2a
and for BEEF 3 and BEEF 4 in Fig, 5,2b. As in Fig, 5.1, periods 31 - 45
are the first 15 perinds of the second year of the production process,
The dotted lines ia Fig, 5.2 defines waximum allowavle L.W.G. (Kg/animal/
day), and the nunbers in hrackets define the aumber of days over which

the specified level of L.W.G. is achieved.
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Pig, 5.1 Patterns Of Iiveweight Achieved By Animals In

Beef Prodnction Systems At iascimum

Stocking Rates
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Fig, 5.2 (a)
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Fig, 5.2 (b)
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5.3.3 Conditions That Prevent Further Increases In Stocking
Rate For Beef Systeas

5.3.3.1 BEEZ 1

Where 6,08 animsls/ha are grazed to resch the tarsget weights
specified by BEEF 1 (Fig, 5,1), and feed is made available only by the
management options (grazing severity end length of spell) defined in
the pasture production model, feed is “tight"(1) in periods 13 = 30 and

"sl&ck”(z) in periods 1 - 12 of the grazing year,

Decreasing the level of L.W.G. over pericds 13 - 30 with an

equivalent increase in periods 1 - 12 would allow more animals/ha to

be grazed, However, waximwa L.W.G. allowable in the model (.85 kg/Eg/
day from Table 4,5) is already being achieved in periods i - 12, The
shadow prices associated with feed periecds 20 - 30 are slignhtly Jower
than those for the other "tight" feed periods, Hence decreased L.w.G.
over periods 13 - 25 with a corresponding increase in pericds z0 - 30
would bhe associated with a suall increase in stocking rate, Again,
such a change is not feasible since L.W.G. is already at the maximun

(1.5 Kg/Hd/day) for periods 2v - 30 (see Fig, 5.2 (a)).

5¢3.3.2 BEEF 2

Grazing ©,72 animals/ha so that the target weights are met,
results in feed being "tight" in all periods of the year, The shadow
prices associated with feed periods 1 - 13 and 206 - 30 are generally
lower than those for periods 14 - 25, Sawall increases in stocking rate
may therefore be expected if L.W.G. (and feed requirements) are reduced
in periods 14 - 25, with a compensating increase in periods 1 - 13,
20 - 30, ‘However, possible increases in stocking rate are likely tn

be small once these conditions (no surplus feed and shadow prices almost-

equal for all periods) have been reachedg3)

(1) The shadow prices associated with feed in those periods > 0,
(2) Shadow prices = 0,
(3) A more detailed discussion of the shadow prices inwvolved in this case

(BEEF 2) is presented in Appendix 3, The results of one attempt to
increase stocking rate are also presented in Appendix 3,



- 105 -

5.3.3,3 BEEF 3

The maximun stocking rate for BEEF 3 is 6,22 animals/ha. At
this stocking rate feed is "tight! in all pecrioeds of the year, Shadow
prices are (approximately) equal for periods 1 = 6 and 11 - 30, ang
lower than for pericds 7 - 10, Andmals do not achieve maximum L,w.G.
in any period of the production process; hence, as discussed in Section
5.3.3.2, small increases in stocking rate conld be obtainsd by further

adjusting the pattem of L.W.G,

503.3!4 !]LFE_-AQ

!
|

Qt the maximum stocking rate (5.77 animals/ha) feed is "tight®
in all periods of the year, Maximum L.W.G, i3 achieved in perinds
1~ 6 (Fig, 5,2(»)). Shadow prices associsied with [eed periods 7 - 13
are siightly higher than those associated with the other Ieed periods,
Feed requirem=nt could be reduced in these periocds by innreasing the
gain echieved by weaner cattle (from 0 in periods 8, 2 and 10) and
reducing the gain aschieved by yearling cattle (in periods 28, 3% and

40) because:

(a) the feed regquirements model agsregates the fead
requirements in periods 8, 9 and 10 with 38, 39
and 40
and
(b) from equation 4,3, the feed required to achieve
the same level of L.W.G. is less for (lighter)
weaner cattle than that required by (heavier)

yearling cattle,
For the purposes of this study, howevsr, the stocking rate, 5,77

animals/ha, is considered as the maximum possible for the length of

production process defined by BEEF 4,

5.4 Discuggsion On Maximum Stockins Rates For Beef Svatems

The liveweight gain ver animal in the beef production activities,
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BEER 1, 2, 3 and 4, is 280 Kg, The length of time taken to achieve
this gain is 364, 420, 476 and 532 days for BEEF 1, 2, 3 and 4 respect-
ively. Average daily Q.W.G./head therefore decreases frem BESF 1
through to BEEF 4, Hence, while intale/head required for nroduction
eolll he expdoted 54 decvsnse £ron IBHIP 1 SMmeudl 5 BEEF 40 Bhe
waintenance requireménts/he&d would be expected to increase from BEEF 1
to BEEF 4 because the animals are grazed for a loager period of time

and maintenance requirenients wmust be met each day,

Table 5.3 presents the maintenance, production and total feed
requiremeats (Kg D.M./animal) for the patterns of L.W.G. that allow

maximun stocking rate for each BEEF system.

Tabhle 5,3
Feed Reguirements/Animal For Beef Systems
Requiremnent/Animal (Kz D,M.)
BEEF 1 BEER 2 BEEF 3 BEEF /4
Maintenance 1038 7205 1350 1543
Production 1005 1000 983 990
Total 2043 2211 2333 2533

Maintenance requirements increase with increasing vprvduction
period (BEEF 1 to BEEF 4), as discussed above, Production requirements
however, remain relatively constant between the activities, Two
agsunptions inherent in the model appear to be masking the expected

decrease in production regquirement from BEEF 1 through to BEZEF 4,

Firstly, pasture quality (M.Cal, M.E./Kg D.M.) is assumed to vary
throughout the year as shown in Tabla 4,4 Hence the actual D,M.
requirement/head for production is dependant on the amount of L.W.G.
achieved in different periods of the year, Table 5.4 shows the pro-

duction requirements/animal for BEWF 1, 2, 3 and 4 in terms of M.Cal.lf.E.

(1) Since from Table 4,4 increments in L.W.G. are associated witn in-
creasing increments in prodiaction requiremeat for animals of the
same liveweight,
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Table 5.4

Availsble Inergy Requirements For Beef Systems

Production Requirement
(M,Ca), ME,/aninal)

BEEF 1 2689
BEEF 2 2642

" BEEF 3 2607
BEEF 4 2636 *

® The pattern of I.,W.G., for BEEF 4 includes & days of zero L.W.G.
(Fig. 5.2(b)). Heace average daily L.W.G. on the days (448)
that L.i/.G. is achieved, is higher than for BEEF 3, Therefore
the production requirement would be expected to be (#nd is)
kighsr than that for BEEF 3,

Secondly, Equation 4,2 is a linear approxination of the

c
relationship betweea L.W.G. and production iutake/L.W.'7‘. The actual

75

relaticaship between L.W.G. and production intake/L.W.- exnibits

decreasing returns (see Fig, 4.9). Hence, within the model the
increase in production requirement with increasing livewelight gain is

not as large as would be expected fioam Table 4,2.

Because of these two assumptions (pasiure quality, and the linear
approximation of production reguireaents), total feed reauirements/head
increase from BEEF 1 through to BSuf 4, due to the increase in mainte-
nance requirements, Given this, the maximun stccking rates for each
BELF production activity can be discussed in relation to total system
requirements (total per animal requirements x maximum stocking rate)
and the overlap of the two classcs of stock, (yearling cattle and replace-

ment weaners).

Figs. 5.3 - 5,6 present the total system feed requirements for
each period of the grazing year, lMaintenance requireuents and the
total requiremeats are shown. The area between (the solid line and
the dotted line) represents the total production requirement per period,

Tne total system requirements on an annual basi’ are shown in Table 5,5,
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Table 5.5

Total System Feed Requirements On An Aunual Basis

Keg DM, /ha
BEEF 1 12424
BEEF 2 14855
BZEF 3 14513
BEEF 4 14615

Increases in stocking rate from BEEF 1 to BEEP 2 then is due to
: . : 1)
the use of pasture that is surplus 11 some perlods( * for BLEF 1 but
which caanot bs utilised by this preoduction systen due to intake re-

strictions in those periods,

Decreases 1n stocking rate from BEEF 2 through BEESF 3 and BESF 4
are due to increasing maintenance requirements/animal as the production
period increases, This is 1llustrated by the maintenance reqguirements
over periods 7 - 14 for BEEF 2, 2 and 4 from Figs, 5.4, 5.5 and 5.0

reapectively,

5.5  Grazing Manggement Plans

The grazing managerent plan that maximised stociting rate for any
BEEF production system was not unique, in all cases, =zome pasture pro-
duction activities not included in the optimal plan could have been in-
cluded without altering the maximun stocking rate, This resvlt is not
surprising. In real-life grazing management systems, the level of
production actually achieved probably cculd have been obtained from a

nunber of different grazing msnagement decisicns,

Since the grazing mansgement plan that maxiuises stocking rate
for any BEEF production system is not unique, comparisons between grezing
management plans for the different BEEF producticn systems are difficult,

In an attempt to rationalise comparisons betwcen grazing mansgement plans,

(1) Compare periods (1 - 6) in Figs, 5.3 and 5.4.
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Fig, 5.4 Period Feed Requirements For EEEF 2 At Maximum Stocking Rate
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Fig, 5.6
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5.5 Grazing Mansgement, Plans (Continued)
the model was used to meximise vasture D.M. productiov, surplus to feed
requirements associzted vitlhi the previously determined maximum stocking

-rate for each BEEF system,

The amounts of surplus pasture D.#. and the periods in which

these occur, are presented in Table 5,0,

Table 5.6

Production Of Feed Surplus To Animal Requirements At

The Maxdmum Stocking Rate Of Beef 1, 2, 2, And 4

128

Extra Feed (Kg D .M,)

Period BEEF 1 BEER 2 BEEF 3 BEFR 4
4 108 - 14 -
6 1345 - - -
8 56 - -
9 521 - - -
10 38 - & -
11 - i} - -
12 % - & -
30 - - - 11

Totzl D.M, proeuced)

anmally above )
animal requirements) 20 i e i
(Eg D.M,/ha) )

Maximising pasture D.M, production, surplus to animal requirements,
did not produce unique grazing management plans for each BEIF systen,
However, in each case, the number of non-tasic pasture production activities
that could be included in the optimal plaa without altering maximm stock-
ing rates was reduced, (e.g. from 92 to 24 for BEEF 1), The solutions
for BEEF 2, 5 and 4 contein 27, 27 and 21 nou-basic pasture production
activities, respectively, that could enter the optimal basis withou?d

cost.
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To some extent then the grazing management plans chosen by the
model are an arbitrary selection from the set of optimel plsns for
each BEEF production systei, .n order to improve on this situation
it would be necessary to deriwve criteria for sclecting betwesn plens;

. but this matier has not been pursued further in this study.

The (arbitrary) optional grazing management plans for BEEF 1, 2,
3 and 4 are presented in Figs, 5.7, 5.8, 5.9 and 5.10 respectively,
Columns (1 - 30) represent the periods of the grazing year, Esch
horizontal arrow (e,g. 19— ) represents an areca of pasture spelled
from the mid - point of one period, and aveilable for grazing in sone
other period. Pasture available for HIGH grazing is shown by the
solicd arrows, and pastﬁre available for LO# grazing by the dotted arrows.

(1)

volved, and the number is in the period (column) frow which pasture is

The nmuaber to the left.of each arrow defines the area of pasture in-
spelled, The head of the ariow cdefines the period in which pasture is

available for grazing,

The nurbers in brackete to the left of ceclumn (1) shoy ths areac
spelled from grazing at the end of the grazing year until grazing near
the beginning of the next year, For example, in the ¢rezing menagement
plan for BSbF] (Fig. 5.7), the first rou shows that 14 ha, of pasture

are spclled from period (29) and grazed HIGH in period (2).

Table 5.7 is a more detailed representetion of the optimal grazing
manageuent plan for BELF 2, A grazing area of 100 ha, is assuwied, In
each row the total area of land in each period is reconciled to equal
100 ha. The first two columms contain the areas grazed either HIGH or
IOW in each period, Remaining columns contzin the area (hectares) of
pasture being spelled in each period, and the length of time since it
was grazed either HIGH or LOW, For example, in peridd (13), 25 ha. are
grazed HIGH; 32 ha. have been spelled for 14 dsys since HIGH grazing
in peried (12); 2nd 33 ha., have been gpelled for 28 days since HIGH

grazing in period (11).

(1) A basic area of 1 hectare is considered in all experimentsticn,
The sreas in Figs, 5,7 — 5.1) are the areas grazed times 100,
Altematively they may be considered as the actual area grazed
where the total area grazed is 10U ha, To simplify the presen~
tation of these results, the areas grazed have been rouided off,
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Grazing Management Plan For BERF 1
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Fig, 5.9  Grazing Management Plan For BEEF 3
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Grazing Mansgement Plan For BREEF
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Table 5.7 Detailed Representation Of Grazing Plan For EEWF 2
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5.5.  Grazing Management Plans (Continued)

Lengths of spell that are not multiples of 7 o~ 14 days are
brought about By spelling pasture from a 14 day period to a 7 day pericd
‘or by spelling pasture from a 7 day period to a 14 day periodf1) For
example, in period (20), 26 ha, are grazzed HIGH,  The mid-point of
period (27), 2 7 day period, is 10 days after the wid-peint of period
(26), a % day period. Yhus in veried (27) 26 ha, have been spelled for
10 days since grazing at the HIGH level, Similarly the 1 ha, of pasture
that had been spelled after HIGH grazing for 1, days in period (26), and
the 31 ha, spelled for 14 ays since IDW grazing have both beea zpelled

for 24 days by the mid-point of period (27).

5.5.1 Comparison Of Grazing Management Plans For BZEF 1 And BEEF 2

Extending the length of the provduction process until period 36
(BEEF 2) allows stocking rale to be increased frcn 0,08 aanimals/ba
(maxcimum for BEbF 1) to 6,72 animals/ha, (maximuem for BEkF 2), In
order to simplify examination of the differences that exist between
the two grazing nanagement plans, the year has heen divided into four
periods,  Spring accounts fer grazing periods 24 - 30 - 4 inclusive,
sunner 5 - 11, autum 12 - 17, and winter 18 - 23, Tne area oi pasture
grazed HIGH and LOW in each of these periods is presented in Table 5.9,
along with the ares grazed per day (i.e. total area grazed divided by
the number of days in each period). A total area of 100 ha, is con-
sidered, D.l. available per grazing is calculated as the total foed
requirements plue extra feed grown (Table 5.3) divided by the nuaber cf

hectares grazed.

The length of spell between grazings over the épring period
(as represented by the average area of pasture grazed per dsy) is shorter
for BEEF 1.than for BEEF 2, The amount of pasture availeble at each
grazing (on average) is also less. The rotation length over the summer
for BEEF 1 however, is longer than for BEEF 2 and pasture available/na.
at each grazing is considerably more (a considerable amount of this
swaner production is extra D.M. above animal requirements « see Table

5.5). Length of spell betwesn grazings and D.M. available/ha, at each

(1) See Section 3.4.4.



Table 5.8

Compérison Of Grazing Mansgement Plans For BEEF 1 And

BrER 2 (For a Total Area of 100 Hectares)

Average D.M,

Area Grazed (ha) Total. Area Area Grazed  Available/us
HIGH 1OV Grazed (ha) Per Dav At Each Grazing
BEEF 1
Spring 81 277 358 3.65 1286
Swaner 237 - 230 2,42 R08%
Aubumn 147 52 199 2,37 1513
Winter 46 103 149 1.77 1315
BLE? 2
Spring 177 141 318 3,24 1765
Summer 212 83 295 3.01 1506
Autumn 7 29 200 2,38 1423
Winter 101 50 151 1.80 1300

grazing are similar for both BEEF 1 and Bao® 2 over the auvtwan and winter

periods.

Total D.i. production by both grazing plaas is similar, (14500
Kg D.M./ha for BEEF 1 compared with 14806 Kg D.M. for BEEF 2), although
the animals in BEEF 1 are unable to utilise approximately 2000 Kg D.M./
ha of the feed grown, As discussed in Section 3,4.3.2, this extra D.M.
is assumed to be removed mechanically frem the pasture so that the pasiure
production relaticonships inherent in the model hold for all periods of

(1)

the year,

5,5,2 Comparison Of Grazing Management Plans That Maximise Stecking
Rate For BELF 2 With The Plans For PERF 3 And BEEF 4,

Teble 5,9 compares the graziag menagement plans that result in
the muexdmum stocking rates of BEEF 2, 3 and 4 being run, As in Table

5.8, the plans have been simplified into 4 periods,

Major differences betireen the plans occur in the summer period

{1) Making supplementary feed as a means cf utilising extra fecd is
considered in Section 5,7,
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BEEF 2
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Winter
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Comparison Cf Gragzing ianagement For PELF 2 With Plans For

BENE 3 fnd REEF 4 At Mascimum Stocking Rates

Area Grazed (ha)

HICH

212

171

101

116

152

160

193

243

106

34

IOW

41

83

29

50

200

93

i

e

114

140

131

Total Aresn
Grazed (ha)

295

200

151

245

204

307

243

165

Area Grazed

Per Day

Average D.H,
Available/ha
At Each Grazing

W
°
1
X

3.01

2,38

3.13

2,48

2:93

1.96

1765

1506

1569

1584

2114
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5.5.2 Comparison Cf Grazing Management Plans That Msximise Stocking
Rate For PEFF 2 With The Plans For PREEF 3 And BERF 4 (Continued)

-~

when the slower rotations of BEEF 3 and BEIX} /4 result in higher levels
-of aveilable pasture/ha at each grazing,

Total annual D.M, production from the three plans is similar
(14866, 14527 and 14620 Kg D.M./ha for BEEFT 2, 3 and 4 respectively)

despite the differences in management plans,

5.6 Relating Grazing Management Plans To Farmer Practice

The grazing management plans deviscd by the wodel are complex
in the number and areas of feed sources used in any one period, IFor
example, from Table 5.7, the 68 ha of pasture grazed in period (&) is
made up of 21 ha, that has been grezed HIGH 1/ days previously, 23 ha
that had been grazed HIGH 24 days previously, and 24 ha that had been
grazcd 21 days previously, In the cn-farm sitnation vhere en slectric
fence is used, the area of pasture grezed in any one period (day) will
almost certeinly have baen spelled for different lengthis of tiwe and
have beea subject e verying degrees of grazing intensity, Hovever,
in this prectical situation the entire area of a paddock grazed in some
previous pericd (t) will usually be completely grazed again once a start
has been made on that area in period (t + k). That is, where 10 ha ars
grazed in period (t), and the manager feeds smaller areas (< 10 ha) in
the subsequent, (k - 1) periods (i.e. to slow down the rotation) then
the 10 ha grazed as a paddock in period (t) will probably not be com-
pletely grazed in period (t + k), If 4 ha of that paddock are grazed
in conjunction with 2 ha of some other paddock in period (t + k) then
it is most likely that some of the remaining & ha will be grazed in

veriod (t + k¥ + 1) and the remainder in period (t + k + 2).

The areas selected by the model to be grazed in each period are
not constrained by the practical consideration of grazing an entire
paddock once a start has been made on that paddock, Areas of pasture
grazed HIGH in a period are pooled by the area coustraints(1) and the

pooled area is thus available for grazing at either HIGH or LOW levels

(1) Area constraints are described in Appendix 1.
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in subsequent periods, Similarly, the areas grazed LCW in a period
are pooled for subsequent graszing, The fact that the model "pools"
areas grazed in any period makes the task of defining a managemeut plan

which could bhe spplied to the real-life situation a difficult task,

This problem mey be illustrated with the help of Fig, 5,11,

which hss been derived from the detailed computer output for BEEF 2,

. 5.1 Tne Fate Of 27na Grazed 1OW In Paried (1)

Period
1 (27)
" 2 (5)
3
A
5 (21) (32) (1)
6
7

The 27na grazed LOJ in veriod (1) is grazed HIGH in pericd (5),
This area has been vooled with 5ha that has also been grazed HIGH in
period (5). The pooled area of 32ha has been subdivided into two arezs:
21ha grazed 10W in pericd (6) and 11ha grazed LOW in period (7). The
mode) does nol partition the 27hz into the areaz grazed LOJ in period (6)

and the area grazed LOW in period (7).

The problem of tracing the fate of the 27ha grazed LOW in period
(1), so that the same 27ha is grazed LOW ia neriod (1) in the subsequeat
year is not trivial but can be solved, A system of equations can be
derived that describe the fate of all areas for a period, and this systea
csn then be snlved (e.g. by linear programming) to provide a grazing y

. . . . 1)
management plen that is consistent in the sense described above.( !

1) Professor R.J. Towasley, Massey University, formulated a linear
3 v 3
programming model of this problem for tre BEsF 2 grazing systen,
but at the time of writing the computer outyut was not available,
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For the example shown in Fig, 5,11, let:

% =  area grazed ICW in period (6) thet was also

grazed HIGH in period (5) and LOW in period (1)

X, = =res grazed LON in peried (7) that was also

o

grazed HIGH in period (5) and I0W in period (1)

y, = aree grazed LOW in period (6) that was also

grazed BIGH in period (5) and TOW in perind (2)

v, = area grazed LOW in pericd (7) that was also

grazed HIGH in period (5) and ICW in period (2)

Then,
X+ X = 27
It Vo = 5
X, ¥, = 21
X, s = 1
X5 Xos Tqs I 2 0

Since these four egquations are not linearly independant we would

expect tc find that the solution to thie problem is not unique,
An alternative approach would be to a2ttempt to devise a pasture

production mocdel that does tske sccount of paddock aress, However, this

possibility has not been explored in this study,

5.6.,1 Uses 0f The Model. For Gragzing Management Studies

The model as specified cannot (easily) be used for devieing grazing
management plans, However, because the plan3s devised by the mcdel are
feasible (Section 5,6) and because the model contains an cphtimising
routive, the "cost" associated with simplifying these plans tc a form
that i=s acceptable for comparison with real-lifes systems can be calculzted
by further experimentaticn with the model, To achieve this it would be

necessary to devise some simplified management plan; "force" this into
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the pasture production model, and then using the iterative procedure
already outlined calculate the differences ia maximum stocking rate
between the original complex plaa and the simpliified plan. These
differences provide a bench-mark for calculating tnhe "cost" iavolved i

adopting the simplified plan,

While the methodology of such experimentation is clear, the
usefulness of the results obtained is depeadant on the degree of reality
achieved by the relationships inherentl ia the sodel, In the abseace
of sufficieat quantitative data to validate the productiion processes
represented in the model, and because the study was carried out in iso-
lation frowm a research organisation where subjective atteapts at valid-
ation might have beea readily made, further experiment:tion was consider-
ed outside the scope of this study, (the development of supplementary
feeding activities 1is however, coansidered ia Scction 5.7). Further
discussion on the developument of experimental techniques that may be
used with graziag systea models, especially those that iaclude an opti-

mising routine, is presentad ia Section 6, 3.

5.7  Supplemeatary Fecdiag

The wodelling exercise up to this point has only considared
feeding possibilities offered by grazing pasture in situ, Faruers
involved 1ia the productioa of beef do however make hay and silage,
Reasons for making suppleaeatary feed include the need te coaserve feed
surpluses where stocking rate is not sufficdiently high to ccatrol pasture
growth especially in the spriag, early summer period; and the desire to
have some supplemeatary feed available as an "insuraace" against reduced

pasture growth (e.g, in dry summers or cold winters) at some future tinme,

A method of including both the makiag and feeding out of supple-
mentary feed within the model was devised, and some experimentaticn was .

carried out, .

(1)

5.7.1. Hay Angd Silage Making Activities

Information in the literature on the D.M. losses associated with

(1} The mathematical details of supplenentacy feed activitdies are
presented in Appeadix 4.
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(1)

the making of hay and silage is limited. Seventeen supplementary
feed-making activities were included ia the model wider the assumption

that losses assoclated with hay and silage cre equal,

Hence the supplementary fecd assumed to be wade by the model can
be either hay or silage. Bach suppleanentary feed activity spells
pasture after a HIGH grazing and the harvesting fer supplementary feed
is assumed to occur at the LOW graziag level, Hence regrowth of pasture
after supplewentary feeod has been wade, is defined by pasture precductioa
activities (LOW ~ HIGH), already described in the model, The spelling
and harvesting dates for the making of supplementary f{eed are preseunted

in Table 5. 10.

Table 5,10
Spelling And Harvest Datz2s For Supplementary Feed
Makiag Activities
Nane Spelled From ifid- Harvested at :fide
Point Of Period _Point Of Period .
SUP 01 27 i
SUP 02 27 2
SUP 03 28 3
SUP 04 29 4
SUP 05 30 5
SUP 06 2 6
SUP 07 4 7
SUP 08 5 8
SUP 09 6 2
SUP 10 7 10
SUP 11 8 1

D.M. harvested/ha from each of these activities is included as
0.765(2)

(1 E.g. Minson (1963).

of the D.M. availavle/ha above the LOW grazing (hacvestiog)

(2) 15% losses are assumed o occur ia the harvesting process, and a
further 104 of D.4. is assumed lost in feeding the supplementary
feed to animals, 10.% L&ﬁ)

(- Gat5) - (> ") = 0.765)



- 128 -

height.,  This amount (0.765 D.4. available x area of supplementary
feed made) is available for feecdiag in any period of the year subject

to the feediag restrictions presented in Sectdon 5.7.2.

5.7.2. Supplementary Feeding Activities

The fecding of hay or silage will lower the amount of pasture
that grazing animals may eat (Reardon (1975)). Intake/head has becn
constrained witnia the wodel by iiwiting the level of L.W.G. that animals
may acliieve, To include some restriction on the amouat of supplementary
feed that the animals way coasume the assumption was made that animals

could meet their wmaintenaace requireament by eatiag elther hay or silage.

30 supplementary fecdiag activities (SUPF 01 - SUPF 3C) were
included in the model. mach activity represents 1 Xg of supple=mentary
P . . . Ve . . .
feed D.il, made available for coasumption (losses involved in uakiag and

L \ (5]
feeding supplemeatary feed are included in the suppleweatary feed-making

activities).

Each Kg of supplemeatary feed D.il. eaten by the aaimals is
assunned to contzia 1,9 i4,Cal, .B, Hence the auount of pasture D.M,
replaced by one Kg of supplemeatary feed D.if. chaages threughout the
year, siuce the i.E5. conteav of pasture varies throughout the year,
(sec Table 4.4). The actual replacement values used are preseated in

Table 5.11.

Table 5.11 Pasture D,M. Replaced By 1 Xg Of Supplemeatary Feed DM,

Period Kg Pasture D.il. Replaced By 1 Kg
Supplemeatary Feed D,M,
1= 6 717
7= 1 792
12 = 15 <745
10 - 20 L7117

21 - 30 675

In each period of the year the amount of supplemeatary feed
consumed is restricted to the maintenance requirement, (Kg D.l4./animal

stocking rate), adjusted for M.E. coateat of the pasture D.i. in that
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period. The coefficients used for this adjustwent are presented in

Table 5,12. .They are calculated as:

M.E. Content Of Pasture D...,
d.B. Content Of Supvlsmentary Feed D.i.

Table 5,32
- Gorrection Factors For The Calculation Of Supplementary
Feed D.M. Hestriction For Bach Period Of ‘The Year
Period Supplementiry Feed D.M. Kestriction
(Kg D.4.) 1s ilaiantenance Requiremeat
Per Audimal ifultiolied By .
1- 6 1.39
7 - 11 1,26
12 - 15 i, 52
16 ~ 20 - 1. 39
21 - 30 T.47

Hence where one animal required 14 Kg of pasture D.:l. for maiate-

nance in period 1, the model may provide this by feeding (from Table 5.11).

T%%? = 19.5 Kg of supplemeatary feed D.i.

From Tuble 5,12 it caa be seea that where maintenance requiremeat
is 14 Kg of pasture D.il. for period 1, thea the maximum amount of supple-

mentary feed D.M. thut may be fed equals

1% x 1,39 = 19,5 Kg

5.7.3 Experimentation With Supplementary Feediag Possibilitdes

The information provided by the stocking rate experimentation
(Section 5.3.3) suggests that including supplemeatary feecding possibilities
would allow an increase in the stockiag rate for BEEF 1 siace at the
maximum stocking rate (0.08 animals/ha) surplus feed is available in

periods (1 - 12), and further increases in stocking rate cannot be



- 130 -

brought about by altering the pattern of L.W.G. since maximum L.W.G.
is achieved in those periods,

Including the feed requireacats as defined for BEEF 1 aad
allowiag supplewentary feed W be made, resulted in maximuu stocking

rate increasing to 0;9 animals/ha; an increase of .82 animals/ha.

The areas of pasture made into supplemeutuzry feed, and the
amount of suppleuwentary feed used per period are presented in Tabie

bagls

Table 5.13 Areas Of Supplementary Feed ifade And Amounts Of Supplementary

Feed Used In BEEF 1 At Maxisum Stocking Rate

; (Total area considered = 1 ha)

Period Area Of Supplementary Pericod Amount Of
Feed iade (ha) Suppleaeatary Feed
Used (Kg D.i.) __
3 .18 13 115
4 1) 1% 122
5 .19 15 90
6 .1 10 332
7 .07 20 L4
8 .03 22 32
24 30
25 532
26 11

In this solutioca feed is "tight" in all periods of the year, and

the shadow prices associated with the feed rows are almost equal,

Small increases in the maximum stocking rates of BEEF 2, 3 and
4 are also achieved when supplemeatary feeding possibilities are included
in the model. (0.02, 0.10 and 0.05 animals/ha for BEEF 2, 3 and 4
respectively), This result is expected since the shadow prices associat-
ed with the feed rows wsre not equal when maximua stockiag rates were
deterained without coasidering supplewentary feeding possibilities.
The inclusion of tne supplemenlary feeding alleinatives gives the model

a method by which some of these inequalities may be evened out. The
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same response may have been achieved by further adjustments in the
pattern of L.W.G. for BEEF 2, 3 and 4, without considering supplemeatary
feed. )

5.7.4. Discussion On The Increased Stocking Hate Due To
Supplementary Feeding

The inclusion of supplementary feeding activities allows more
animals to be grazed in the BERF 1 production process thaa in BEEF 2,
(which allowed the highest stocking rate where only grazed pasture was

considered),

This result must be considered in relation to the assunptions
included in the suppliementary feeding matrix; in particular the
assumption which allows animals to cat up to their maintcaance require-
ment from supplementary feed D.M. and still achieve the maximun levels

T

of L.W.G. allowable in the model (see Table 4.5). Animals i BEBE 1
of

achieve the limit to supplementary feed intake in two periods the
year, In one of these periods (period 25) the animals also achieve

the maximua liveweight gain (1.5 Kg/head/day). Total D.it. intake/head/
day (including supplementary D.M.) during this period is 11.57 Kg.

This D.i. intake is 3.84 of animal L.W. which in view of information
available on animal intake (see Section 4.2.1) appears uarealistically

high,

Furthernore, no financial consideratiouns have been taken into
account; in particular the cost of coanserving supplerentary feed.
While such coansiderations could easily be incorporated within the
supplementary feeding matrix, this has not been done in this study due

to lack of wmodel validation,

The supplementary feeding matrix was included to illustrate
that supplementary feeding could be handled in such a model, Given
quantitative data on the losses associated with making and feeding out
supplementary feeds, and inforuaticn on the likely intakes of supple-
mentary feed in relation to total feed intake, the wodel could be used

~to further investigate the use of supplenentary feed within a beef

production system,
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5.7.5 Turther Experimentation Possible With The Model
Including Supplementary Feeding Possibilities

Where valid assuaptions concerining the harvesting, feeding out,
and per aaimal intake of suppleamentary feeds are included, the model
as outlined could be.used to investigate the cost —~ efficiency of feed
conservation as a means of transferring feed from periods of surplus
to theze periods where feed supply limits further increases in stockiag
rate, The model could also be used as a means of "hedging® sgainct
the uncertain nature of climatic factors and the effects they have on
pasture production, That is, stocking rates for each of the BEEF
activities could be maximised using the iterative procedure outlined,
subject to the coastraint that x bales of hay (Kg of supplementary feed
D.i.) are made per animal, Agaln, since the model contains an optimising
routine, the "cost! of providing such insurance sgainst climatic uancertain-

ty could be calculated,

The supplementary feeding model could also be used to investigatle
the effect of taking out of grazing, specialist hay (or silage crop)
areas, as opposed to the harvesting of esurplus fced after a relalively
short spell, Tnis latter approach was the o:ile used in the supplemen-~
tary feeding wmodel as defined ia this study. Suppleaentary feed crop
areas are closed from grazing for no longer than the maximum spell thati
is allowed between grazings; (see Table 5.10). As a result, the
highest yield of supplecmenlary feed harvested is 2450 Kg D.id./ha, (approx-
imately equivalent to 120 bales of hay/nectare). From the pasture D.i.
production data on which the model is based however, it would be possible
to define supplexentary feed making activities that allow pasture to be

spelled for longer periods before harvesting.

Hence the supplementary feeding model could be used to coaduct
useful research; in particular on the "cost" (in physical or financial
terns) of using supplementary feed for beef production, As discussed
in Section 5.6, the methods of conducting such analyses are clear;
the usefulness of the results depends on how well the model represents

reality.
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5.8 Sunaary

The beet productibn sycstem studicd has been cutlined; (type of
animal, leagth of production process, and carcass wecight achieved),
An iterative procedure by which stocking rate for four production pro-
cesses may be maximised is discussed, and the conditions which prevent

further increases in stockinyg rate are examined,

The total system feed requirements and the grazing managenent
plans associated with the maximum stocking rates for each systeu are
presented, The problem of relating these plans to ou-~farm practices
is recognised; and the usefuliness of this mwmodel for grazing wmanage~
ment research is briefly discussed,

A method of considering supplementary feeding is outlined,
Including supplementary feeding possibilities within the mcdel allous
the stocking rate for the shortest produciion process (BEEF 1) o
increase, No consideratioa is taken of the financial aspscts of hay
or silage making, although they could readily be incorporated in the
model. Some furtner possible uses of the supplemcntary feeding matris:

are discussed,
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LHAPTER STIX

BEVALUATION OF THE STUDY

6.1 Introduction

While discussing verification and validation in relation to systems
models, Wright (1971) noted that soue confusion exists in the literature
as to the definition of these terms. In order that the model preseunted
may be examined in relation to the goals of the study, the terms veri-

fication and valication are used in the following contexts:

Yerification - is concerned with assessing the descriptive
nature of the model in relation to the real-life situuation,
]

Thus it may involve comparing conponents of the moded,

(component analysis)(1

ana]ysis)\1)

and output from the model (cutput
with data available from real-life systeoms

(experiments).

Validation ~ is concerned with assescing the capability

of the mocel for sanalysing wmanagewent wroblens. Validation,
therefere, is particularly concerned wilh the matter of
output analysis that ewbodies funcivions of control aad
design(z) in the context of the particular wodel chosen

to describe the system, The emphasis in validation is

on model characteristics and the comparison of different
types of models e.g. L.P. v's simulation for solving

farn management problems,

Hence, a model wmay be considered verified when, in view of current
knowledge, it appears to represent the real-life situation, A model
may be considered valid in that it is capable of analysing management
preblems, Where a model is both verified and vsiidated (in the contexts
discussed above) it may be used for solving practical farm management
problems. However, where lack of guantitative research data prevents

verification of a model, further examination of the problem - solving

(1) Component analysis and output analysis are discussed as two aspects
of Systems Analysis in Section 1.2.1.

(2) Control and design are the two aspects of Systems Synthesis discussed
in Section 1,2.1.
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capability of that model may be justifiable study for a farm manage-

ment analyst.’

This chapter discusses verification of the model presented in
"~ this study. The validity of the wmodel for solving a particular farm
management problem (the stocking-rate decision) is discussed, and the
capability of the model for sclving other farn nanzgement problems is
assessed. Finally the study is evaluated in relation to the geals

presented in Section 1,3,

6.2 Verification 0f The Model

The model, as presented, may be considered as having three
distinct seclions: a description of pasture D.M. production (wizich
is made available for feeding either in sityu, or as supplementary D.il.);
a description of the amouat of animal precuction resulting from o given
D.M. intake; and the interface between these two couponentve where
assumptions are made on the amount of D.if. animals will eat, given

some level of feed availability. A shortage of date that may be used

w

to verify each of these three sectlons separately, or ocutputv from the

wodel as a whole, was recognised at an early stage in this study.

The pasture production and animal production relationships used,
have becn discussed in relation to the information available (Chapters
3 and 4 respectively), Given better info:mation cn thece two sections,
it could be included in the wmodel. Structural changes that may be

required are discussed below, in Sections6,2,1, and 6,2.2,

Assumptions on the relationships that occur at the pasture-
animal interface have been presented in Sectlion 4.3. Given quantitative
data on these relationships the degree of reality achieved by the model

may be verified, This point is examined further in Section 6.2,3,

6.2.1 Pasture Production

Pasture regrowth over time has been defined for am average year

in the Palmerston North region, Differences that are likely to occur
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in regrowth due to the severity of grazing (2 levels) were defined

using information from a simulation study (Wright 1973b). The severity
of grazing has not been juantified in terms Kg D.M./ha that remain after
grazing, If pasture production datx for a range of spelling lengths
end grazing severities were made avullable frem a real-life experiment

they could be included in an enlarged pasture production model,

6.2.2 Animal Production As A Function Of Intake

The feeding standards used in the model (Table 4.1) are considered

to be a reasonable representation of the Jew Zealand situation.
Adjustiments in feed requiremeant are made on the assumption that:

1. feed qualdity (4.E./Kg D.M.) in any one period
is the came regardless of the length of spell
between grazing, aad the heighi to which pasture
is grazed;

and

2, the vtilisation of available energy (M.E.) by
animals 1s the same regardless of pesture
quality; (for the range of pasture qualities

presented in Table 4.4).

Should the first asswmption limit the model from representing
reality, it would be necessary to express feed supply and hence aniwmal
requi.rements in terms of available eanergy (M.E.). In this way ii.E.
production from pasture would vary with length of spell and severity

of grazing rather tnan directly with D.i, production,

Should the second assumption limit the model from representing
reality, then both feed supply and animal requirements would need to

be expressed in terms of productive energy (N.E.).

Since animal requirements in this study have been based on N.E.
requirements for liveweighti gain (N.E.g) and for maintenance (N.E.m),
(NRC, 1970), use of productlive energy units for aniwal requi.rements

would not be difficult. Given that the second assumption is not
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violated and that (Scott, 1973):

I.J'El N..Ee
ME, = —. & + —n

0. 37 0,61

animal requirements could be expressed in available energy units.
However, the real problem in using cither of the above approaches
would be specification of fced supply in energy terms for the range

of spelling dates and grazing heights reguired.

6.2.3 The Intake Of Grazing Animals

Two assumptious are made; one regardiag the maximum intake
that animals way achieve, aad a second relating to the height to which

animals can graze to meet daily reguirements,

In this model maximun intake is constrained by animal age,
(Table 4.5). If quantitative data were available on the relaticnship
between L.W. pasture quality, and meximum intake/hecad/day, the animal
rejuirements model could be restructured so that the relationship
between these variables is included, The experimental procedure used
to maximise slocking rate would then not be as simple as the one out-
lined in this study. The adjustmeats in intake, made after "tight"
and "slack" feed periods are identified by an initial run of the model,
would need 1o be considered with regard to the level of L.W.G. that
had been achieved in previous periods, since now intake at any time

would be related to L.W. and hence L.#.G. in previous periods.

As discussed in Section 4,3, animal reguirewents are specified
on a per head basis for each period of the year so that a given pattern
of liveweight gain will be acnieved. The model then deterumines the
area of pasture and height (severity) of grazing in each period so
that stocking rate is maximised. Once the model has determmined the
nunber of animals to be run, feed requirements in any period are met by
either grazing HIGH or ICW. The assumption has been made that D.if.
regquirement specified for period t, (yt), can be consumcd under scvere
grazing, The level of pasture D.il. available per head under severe

(LCW) grazing (xz) is less than the level available under lax (HIGH)
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grazing (xi) for a given number of animals, Hence, as discussed in
Section 4,3, whenever D.il. regquirement is less than ad libitum we
would expect intake under lax grazing (yi) to excecd Ty In order to
evercome this problem the practice of on -~ off grazing is assumed.
While faruwers do not generally practise on - off grazing the approach
is being used by Broogham on a beef production farmlet experiment at

(1)

D.S.I.R. Grasslands Division, Aoraugi Research Station in the ilanawatu.

lore precise quantitative information about the relationship
between available D.M./head und intake/head under rotational grazing
is required before the assuptions used in the medel can be verified,
Siwilarly, lack ef quantitative data oa the intuke of supplementary
feed in relation to total intake prevented a rcalistic (verified) con-

sideration of sup,lementary feeding from being included in the wodel,

6.3 Analvsis OFf Farin Management, Problems YUsing L.P, Models

Vs = e it SR SO R et B L1 SV A SO A8

As stated previously, it was recogaised 2t an early stage in ithis
study that sufficisnt quaantitative research dat: was not available to
verify tne descriptive functicn of tne model, However, all information
that was available was iacluded in the model, and 2 stady of the capa-
bility of the mecdel for solwvinyg faram management vroblems was recognised

as a justifiable research project.

In particular, the stocking-rats decisioa was investigated. An
iterative precedure, already discussed, was used 1o maximise stocking-
rate for four BELF production processes. The grazing mandéement plaas
from the model, that result ia the achieved level of performaice, defined
by each process, cannot readily be iaterpreted as grazing plans for tae
practical farnm situation (discussed in Sectioa 5,5) This fact is not
a serious limitation of the model for iavestigating the stocking-rate

decisica since:

1. a wmethod for deriving practical plans has been

devised, (see Section 5,5);

(1) This experiment which is still in progress, is ozamining controlled
v's uncontrolled grazing of swmmer pasture,
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and
2, the maximum stocking rate correspoading to
cizple grazing managemnent plans, acceptable
in the practical farum wmanagenent situation,
can be derived by the model, The "cost" of
any siwplification can lhen be calculated by
comparison of stocking rates wita the optdmun

but coaplex plan,

Furthermore, animals within each production process are assuaed
to grow at the same rate, and heacc to achieve slaughter welght at the
same time, In the practical farm situation, aunimals exhibit differeat
rates of L.W.G. when grazed together and the production process will
vary between animals, The approach used ia the moael represents an
"averagé” gsituation, For example, in the process BEEF 2, ©.72 animals/
ha ars grazed oa average for 30 periods, In the practiczl situation
soue of these aaimals wilill not reach slaugnter weight until after period
35, and some will reach slaugnter weight before period 36,  An atteaph
to assess the change ia maxizun stocking-rate, that might occur wihere
a proportion of the 6.72 animals/ha are sold before period 36 and a pio-

portion after period 36, would reguire iaformation on:

1. the reasoas for differences ia L.W.G. betueen
aninals (e.g. an intake effect, or a feed
conversion effect)

and

2. the extent of differences in average L.W.G.

tnat is likely to occur in any cne herd of

catltle grazed together,

However, it is not clear how this information could be incorporated
into the L.P. model in order to perform the desired analysis. In this
situation it would be possible to compare the results from simulation
models, that can easily incorporate this inforwation (Wright, 1975),
with results from L.P. models that are based on iaformation for the

average situation,

The use of supplementary feed was also analysed using the L.P.
model, The maximum stocking rates with an without supplementary feeds

provided a measure of the opportunity cost of not waking hay or silage
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for any BEEF'production process,

Other fam managehent problems that may have been analysed
using the medel have beea discussed in Chapter 5. In all cases the
optimising routine inherent ia the L.P. nmodel is secn as an advaatage
over wmodelling techniques (simulation) that do not include such a
routine, although the i1nability of L.P. to handle stochastic variables
ls recognised as a limitation to the apprvach, The extent of this

Timitation is not clear siace:

1, siwulation studies rarely include stochastic

variables;
and

2, the approach most counonly used ia such studies
involves running the model under given (historical)
conditions, and a set of decision rules, ilodel
output is then comparsd with that froa a re-rua of
the model under changed coaditioas, Decision rules
wiy be changed until a set thit is thouzht to be
near optimal is obtalaecd, Such an approach can

1

be carried ouvt withia a L.P. frumework, but the
optimising routiae is an advantage siace the decisions

made by the model are optimal for the givea conditloas,

This discussion has attempted to highlizht some of the difficulties
p o o
associated with the use of L.P. models for solviang graziang manageaent

problens, These difficulties fall into two categories:

1. those associated with model verification,
and
2. those associated with the use of L.P. as a

tool for farm managewent analysis,

The magnitude of difficulties in the first category cannot be
quantified until couparisons of model output are made with real-life
manageaent systeas. The relative value of L.P. models for faru manage-
inent analysis can only be made by coaparisons with alteraative analytical
techiniques, However, the use of L.P. would appear to have some potential
advantage in that the optimising routine inherent in this technique pro-

vides an estimate of optimal system performance. As a coaseguence,
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sub-optimal planélcan be derived and the cost of sub-optimal decisions

calculated,

6.4 Evalustion Of This Study

The prime objective of the siudy (Section 1,3) was to investigate
the components of a beaf produciion systemn. The decision to use a
mathenatical model to achieve this objective was based on the lack of
quantitative data available frum the practical fara situation, A
secoadary objectlive was to assess the suitability of L.P. as a tech-
nique for describing the system of iaterest, and for solviang fara manage-

ment probleans associated with that system,

The L.P. framework has been shown to be suitable for use in a
descriptive sense, at least for the iaformation that is curreatly
available on beef production. Future resecarch results oa pasturs
productilon aad animal production requiresicats could be incorporwted in
the wmodel, However, future research results relatiag to animal intale
under graziag manageanent coaditions wmay prove difficult to incornorate

in a L.P. framnework,

The anount of problem analysis carried out withn the model has
been limited, As in the study of Pollard (1972), a coasiderable amount

n assemblin

I
s

of the limited time available for this study has been spen

~— O

t
4
avallable information and incorporating tnis in the model.('
While one can compare the characteristi.cs of different models,
an assessment of thelr coaparative usefulness for solving farn manage-
ment problems must depend on our ability to estimate the real cost of
gimplification of the real-world situation that is inherent in these
uwodels, For this reasoan, all available inforumation possible should be
included in the model constructed. Further developument of problem-

solviag techniques that utilise the componeat analysis already carried

(1) Pollard (1972) also cites the limited computiag facilities available
as a constraiant on the amount of problem analysis he could carry ouvu.
The availability of larger computers (e,g. the iassey University BU700
computer) and advanced coapulter software (e.z. the ilathemavical Pro-
granaing System, TEMPO) have lead to large reductions in computiag
time, Bach run of the model described in this study took from 3-7
minutes, Furthermore the size of wmodels that can now be handled
is virtually uwalimited,
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out for this and similar studies (e.g. Pollard 1972) would appear to
be an efficizdt use of faram manageweat research resources in the future,
The ultimatve use of systems models must be in the solving of

‘managemeat probleas at the practical fara level, and hence in the
evolution of improved management systems,  Iutton (1973b). has stated

that farwleb-type experimentavion, in conjunction wilh component analysis
(in the sense of physical experinents) may be a more satisfactory approach
than modelling, to derive improved nunageawneat systems, Before the
solution to the original problems is obtained from the faralet experiment,
inforpation from the experiaent may lead to a redefinition of the problem
to be solved and a ceoasequeat redirection of researcn, This evolution-

ary process is oaly possible i1 the context of real-life production systems,

The complementary use of systcas wodelling and physical research
(faralet-type and compoaent analysis) uppears to offer a coaprozise that
may be more efficient in the use of research resources then either
approaclh used in isclation, HWright (1975) is currently involved in
such a study at Huakura fLgricultural hesearch Ceutre, Conceptually
it is difficuli to define a metnhod by which the compl=uentary involve-
ment of model and physical resezarch could be shown to be a more {or less)
efficient use of research resources than either approach used in iso-
lstion, The nature of thie research process and the scarcity of research

resources would not allow more than one approach to be rum in parallel,

Although L.P. models way not be centirely suitable for the purpose
of providing practical solutions to graziag manageweni problems, the
optimisiag routine inherent in a L.P. model may provide useful. beach-
mark plans., These plans could provide a useful refereace point for
more practical plaus derived from simulation studies or small-fara

experimeats,
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APPENDIX ONE

~

THE PASTURE 1 RODUCTION MCDEL

The pasture production matrix is represented in Table
Al.l. Activities (columns) represent pasture grazed at diff-
ervent times of the year (periods), Constraints (rows) ensure
thuat all lend in any period is either grazed or spellcd (rows
1 to 60), account for total pasture production in each pericd
(rows 61 to 90), limit the area of land {(row 91) and record

total annual pasture DM made available for grazing (row 92).

Al.,1 Activities

Grazing activities werc named so that the output from
cach run of the model could be casily wnzlysed. The following

format was used:

AA, bb, c (eg GHOL12)

AA:  either GH, GL, IL, LH
GIl refers to grazed HIGH after spelling from
the MIGH level,
GL refers to grazed LO.J after speiling from
the LOV level,.
HL. refers to grazed LOJ after spelling from
the HIGH lewvel,
LH refers to grazed HIGIH aiter spelling from
the LOW level,.

bb:. 01 to 30, refers to the grazing period from
which the pasture was spelled,

c : 2 to 10, refers to length of spell (weeks)

between grazings,

A total of 300 pasture grazing activities are included

in the model, 75 for cach of the Gli, GL, liL and L possibilities,

Thus, for exanple, activity CI{012 provides pasture fcr grazing
at the HIGH level in period 3 (bb 4+ c¢) after this same pasture

has been grazed at the HIGH level in period 1 (bb)., Similarly,
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activity LH305.providcs pasture {for grazing at the HIGH
; (1)

level in period 5 after this same pasture has been grazed

at the LOJ level in period 30,

Al,2 Constraints

Al1,2,1 Area Constraints (rows 1 - 60)

Rows 1 - 30 constrain the area spelled from the HIGH
defoliation level in any period to equal the area grazed liIGH
in that period. The type of constraint is an equality since
all pasture grazed HIGH nust be spelled from the 13GI defoli-
ation level, By definition, GH and IL grazing activities
require pasturce to be grazed at the HITH level in the period
from which spelling is commenced. Since the unit of each
grazing activity is one ha,, these activities have a +1 co-
efficient in the row corresponding to the period from which
pasture is spelled. The ACIbb row refers to the constraint
for the arca grazed hIGH, and hence spelled from the HIGH
dcfoliation level, in periecd bb, By definition, Gl and LH
grazing activities defoliate pasture at the HICIH level, hence
these uactivities enable pasture to be spelled from the HIGH
level and have a -1 coefficient in the ACH(bb + ¢) row. For
example, one unit of activity LH303 supplies one ha, (-1)
of pasture in period 3 (30 + 3 = 03) that is then spelled
froia this period,

Rows 31 - (0

the L.OW defoliation level in period bb to equal the area

, ACLbb, constrain the area spelled {rom

grazed LOVW in period bb., GLbbc and LHbbc grazing activities
require pasture to be grazed at the LOW level in period bb,
hence +1 in the ACLbb row, GLbbc and lHl.bbc grazing activities
defoliate pasture at the LOV level in period (bb + ¢), hence
-1 in the ACL(bb + c) row. '

(1) In this example, bb + ¢ = 35, but the year has bcen
divided into 30 periods so that period 35, becomes
period 5,
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Al,2.2 Feed Reconciliation Rows

The FuiD(bb + c) rows of Table Al,1 constrain feed
supplied in period (bL + c) to be at least sufficient to

meet feed dewiand for livestock production in that periocd.

Feed supply 2 Feed demand by livestock,

0 2 ~Fced supply + Feed demand by livestock,

Pasture DM made available by one unit (ha.) of each
grazing activity is therefore represented by a negative
quantity in the appropriate FiZD row. For example, f{rom
Table 3.2, pasture DM available from a HICH grazing after
two weeks spell from a previous lIGH grazing in period 1
(November), is 750 Kg./ha. Thus, one unit of grazing acti-
vity GHO12 supplies (ncgative coefficient) 750 Kg. pasture
Dil to the F.JED03 row. Since grazing LOV after a previous
NIGH grazing supplies an additional 400 Kg. Dii/ha., one unit
of grazing activity HLO12 supplies 1150 Kg. pasture DM to

the D03 row.

Al,2.3 Total Area Constraints

Rows 1 - 30 and 31 - 60 ensure that the areas of pasture
grazed HIGH and LOY respectively in each period of the year
equal the areas of pasture spelled from the HIGH and LOW
grazing heights in each period of the year,

To constrain the area of pasture under consideration
and to ensure that all pasture is accounted for in each
period of the year as being either grazed or spelled, 30
TOTAC (total area) constraints can be defined; one for each
period. Since the area grazed in each period equals the
areca spelled from that period (rows 1 - 60) the TOTAC con-

straint for period 1 may take the form of ecither:

TOTAL AREA (PSRIOD 1) = AREA GRAZED (PERTOD 1) +
AREA BEING SPELLED (PERICD 1)
or,
TOTAL AREA = AREKA SPELLED FROM FERICD 1 + AREA
SPELLED IN PERIOD 1
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The TOTAC constraint (row 91 in Table Al,1) {or
period 1 takes the latter form, Hence, activity GHO12 has
a +1 coefficient in~thc TOTAC row, since that activity rep-
resents 1 hectare of pasture spelled from period 1. Similarly,
activity GHO13 has a +1 in the TOTAC row. Activity GH303
has a +1 cocffiéicnt in the TOTAC row because it reprcsents
1 hectare of land being spelled from period 30, through
period 1, until period 3; likewise activity GII305 has a +1
in the TOTAC row,

Pollard (1972) has demonstrated that where all the
ared constraints (rows 1 - 60) are present in such a model,
only 1 TOTAC row need be included; the remainder (29 in this

case) are inferred,



TABLE Al,1 THE PASTURE 1 RODUCTION MODEL
P1 P2 P4 P74 P75 P76 P77 P7Y P149  P150 P151  Pl152 P154 P224  P225 P226  P2217 P229 P299  P300
B GHO12 GHO13----- GH023----- GH303 GH305 GL012 GLO13----- GL023----- GL303  GL305 HLO12 HLO13----- HL023----- 1L303 tL305 LHO12 LHO13----- LH023--~-- LH303 LH305
1| ACHO1 [0 = 1 1 1 1
2| ACHO2 |0 = 1 1
3| AcHo3 [0 = -1 -1 -1 5
4| ACHOo4 [0 = -1 -1
5| acrios [0 = -1 -1 = -1
!
'
30 AcH30 [0 = 1 1 1 N
31| ACLO1 |0 = 1 1 1 1
32| ACLO2 |0 = 1 1
33| ACLO3 |0 = -1 -1 -1 -1
34| ACLO4 |0 = -1 -1
35| ACLO5 |0 -1 -1 -1 -1
]
1
60| aCL30 |0 = 1 1 1 1
61| FEDO1 [0 2
62| FzEDO2 [0 2
63| FEEDO3 |0 2 | -750 -1400 -520 -1015 ~1150 -1800 120 -615
64| FEIDO4 | 0 2 -1400 -1000 -1800 -600
65| FZEDOS5 | 0 2 -1740 -2815 -1190 -2540 -2140 -3217 -790 -2140
1
90| FEED30 | 0 2
91| ToTAC | 1 = 1 1 ' 1 1 1 1 1 1 1 1 1 1 1 1 1 1
92 DMPRO | free| 750 1400-~-=~-- 1740------ 1400 2815 520 1000------ 1190------ 1015 2540 1150 1800--=--- 2140------ 1800 3217 120 600---- - .=790 ===~~~ 615 2140
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API ENDIX T 'O

The j'th BIEF activity is included in the model as

a
vector of feed requircments, aij's,where:
a = DM requircment/head/period (Kg.);
¢ 1 - 4, and denoctcs the BEEF activity being
studied;
i ¢ 1 - 30, and denotes the period of the yecar
in which ‘the requirement occurs.
Where supplementary feeding is considerecd by the model

(see Appendix 4),
cocfficients, r..'s,

feed each animal may consume, That is:

Ir =
J
i

i)

S,

maxium supplementary D intake/head/period
and is calculated as maintenance requirement

in terms of Kg. supplementary DM;

1 - 4, denotes the DIEE activity being
studied;
1 - 30, denotes the suppiementary restriction

row to which the coefficient applics,

The j'th BEEF activity is represeated in Table A2,1.

Feed rows 1 - 30 (rows 61 - 90) are the feed reconciliation

rows discussed in Appendix 1, Since:

Feed supplied > Feed eaten
0 2 Feed eaten - Feed supplied

the a. .'s are positive coefficients,

1

restricticn rows discussed in Appendix 4. Since:

<

Supplementary Feed Eaten £ Supplementary Fced

Restriction
Supplementary Feed Restriction - Supplemestary

Feed iZaten

the j'th BEZF vcctor contains another 30

that limit the amount of supplementary

SUPRX rows 1 = 30 (rows 194 - 124) are the supplementary -
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the rij's are positive coefficients,

The SRATE row (row 126) is the objective function where
stocking rate is maximized, Since cach unit of BELFj repre-
sents onec animal, the j'th BZEF activity has a (+1) coeificient

in the 3LATE rTow,

TABLE A2.1 The j'th BEEF Activity
RO BEEFj
61 FEEDO1 02 a,.

1;
62 FiEEDO2 02 Kog
1 2]
' 1
1 '
' '
Nt 2 25n
90 FZED30 02 30§
94 SUIRXOL 0 ¢
95 SUPRX02 0 £ r, 3
[} &
' '
1 '
f ]
124 SUFPRXBO O f @y
303

126 SRATE obj. 1
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APPENDI X THREDR

CITT A W OERTORS ASHCOTATED SUTPET TLID MY TMIDG
k)Aii\DOi'« i Lo .3,.,.1,3(:\4.1.‘\1‘\.4‘) Sl 9 i fit VAN L Tn;

STGCKING RATE FCR BIESE 2

A3.1 Shadow Prices

Shadow prices are usually discussed as the marginal
value product (M.V.I'.) of an increase in supply of a resource,
The (zj - cj) value associated with the slack wvariable for
some row (resource) in a maximization problem will be £ 0
in an optimal solution. This value shows the decrease in the
value of the objective function for a2 marginal decrease in

{
resource supply. So, the negative of the (zj ~ c.) gives the
J

|
M.V.,P. of the resource,

A3.2 Shadow Trices on Feed Rows in BIEF 2

The shadow prices associated with the feed rows where
6.72 animals/ha, are grazed (see 3ection 5.3.3.2) are presented
in Table A3.1., The shadow prices associated with the fcecau
rows after the pattern of L.W.G, 1s changed in an attempt to
increase stocking are also presented., The Attcmpt to increase
stocking rate is discussed below,

When 6.72 animals are grazed to meet the pattern of
L.W.G., defined by BEEF 2, feed is tight in all periods of the
year, i.,e, M.V.P,> 0 for all feed rows (Table A3.1). The
highest shadow prices are associated with feed periods (rows)
14 - 16, The lowest shadow prices are associated with rows
1 -~ 10, In an attempt to increase stocking rate, the rate of
L.W.G., was reduced in periods 14 and 15 by 0.43 Kg./head/day
and increased by 0,14 Kg./head/day for the weaner cattle in
periods 1 - 8, (In Table A3.1 the L..J.G. for yearling cattle
are in brackets),

The new BEEZE activity was designated BEELF 2X and the -
model was used to maximize stocking rate. The maximum achieved
~for BEEF 2X was 6.70 animals/ha. (0,02 animals/ha. less than

for BEEF 2). The M.V.P,'s associated with the feed rows when
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BEEF 2X was maximized are shown in Table A3.1. M.V.P,'s on
feed periods 14, 15 are now higher than those associated with
rows 1 - 8, while a smaller change in the pa.tern of L.V7W.G,
than that used in this example may have resulted in an increase
in stocking rate, such a course of action was not pursued.

The maximum stocking rate for BEEF 2 (6.72 animals/ha,) is
considered on the maximum for the length of production process

specified in BEEF 2,



Table A3, 1

SINWDOW P RICES FOR BELE 2

- 152

AL MANIM

UM STOCKING RATE,

AND AFTER A CEANGE IN PHl. IPRTPRN OF L, W, G,

PERTODS SHADOW PPRICES DAILY L.W.G,

22
23
24
215
26
27
28
29
30

(x 1000) (Kg.)
BEREF 2 Bl
.30 .71
25 .71
25 .71
L 25 71
.23 .71
.18 L1
3 o T
.10 bl
.08 0BE
.09 .85
.08 .85
A9 .85
J50 .85
.79 .85
.96 .85
.86 oirl;
.12 .21
L 5 .21
.76 .21
.86 <25l
.80 %0
.83 .21
O S22
.80 a2
.70 1,00
.60 1.14
.45 1.14
.46 1,14
.40 1.14
.35 1.14

2
(.71)
[ % 1)
(.71)
(.71)
(.71)
(.50)

SHADOW
(x 10

BYNINE
.69
.46
. 58
oDl
. b4
.44
.34
.28
.24
.23
24
.23
22
.19
16
.18
.17
w25
.44
.69
N7S
.77

. 69

W12

.64
.50
.49
.37
«53
«51

SRR

FRICES DAILY L.V.G.

00) {BE

2K BZEEF 2X

.85
.65
.85
.85
.85
.85
.85
.85
.55
.85
.88
.85
&5
o 42
ol
.21
21
22
ol
.21
.21
S22l
.21
«92
1,60
i, i
i 14
1,14
1.14
i, ji54:

(.71)
Ay
[ J7d )
(.71)
(.71}
(.50)
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APPENDIX FCUR

THE SUPPLENINTARY FEED MODEL

The supplementary feed model is represented in Table

Ad.1l. Activities (colwumns) Pl - p300 are the activities of the

(1)

pasture production model, Constraints (rows) 1 - 92 are the
constraints of the pasture production modelfl) Activities P3OO

P317 represent areas of pasture harvested for supplementary feed;
and activities P318 - P347 represent Kg.'s of supplementary Dil
caten by stock throughout the year. Row 93 ensures that the
amount of supplementary feed ecaten doee not exceed the amount

of supplementary feed made; rows 94 - 124 restrict the amount

of supplementary fced used in each period cof the year; and row

125 records the amount of supplementary feed made annually,

Ad.1 ctiv

A4.1,1 Supplementary Feed Making Activities (col's 201 - 307)

Seventeen supplementary feed making activities are de-

fined, and named using the format:

SUPdd e.g. SUP25
where dd is 25— 30, 01— 11, and refers to the
period in which the supplementary feed is

harvested.

Each unit of SUPdd refer to one ha, of pasture spelled
(2)

after HIGH grazing in some previous period until it is
harvested (at the LOW grazing height) in period dd. Hence,
(like the LH grazing activities in Fig, Al.1), ecach SUPdd act-
ivity has (+1) coefficient in some HIGH area constraint (rowg\

1 - 30) and a3 (-1) coefficient in the dd LOW area constraint. .

(1) Described in Appendix 1,

(2) The periods from which supplementary feed areas are spelled
are defined in Table 5,10,
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The TOTAC constraint discussed in Appendix 1 must also
apply to the-SUPdd activities to ensure that the total area
considered to provide feed is not exceeded. ‘here a SUPdd
activity spells land from, or through peried (1) (e.g. SUPO3
which spells land_from period (27) until period (3)) it will

have a (+1) coefficient in the TOTAC rcw.

A4,1,2 Supplementary JFeeding Activilies {col's 318 - 348)

30 supplementary fceding activities are defined and

nanmed using the format:

SUPFce e.g. SUPF30
where ee is 01—30 and refers to {all) the
feed periods in the year when supplementary

feed may be fed.

Fach unit of SUPKee refers to 1 Kg. of supplementary

feed BM eaten in period ee,

Ad 2 Constraints

A4.2,1 Feed Rows [rows 61 - 90)

Each unit of SUPFee refers to 1 Kg. of supplementary
feed DM eaten in period ce, Supplementary feed DM is assumed
to contain 1,9 M.,Cals ME/Kg. DM and hence 1 unit of SUPFee

replaces:

1.9

Pasture quality
(Period(ee))

Kg. Pasture DM

For example, 1 Kg. of supplementary feed D\ replaces
0.717 Kg. of pasture DM in period (1) (see Table 5.11}. chéc,
SUPFO1 has a (=-,717) coefficient(l) in FEED row (1)},

(1) The logic of a negative coefticient for feed supply is
discussed in Sect. Al.,2.2,
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A4.2.2 Supplementary Feed Reconciliation Row (row 932)

Zach unit (hectare) of SUPdd activity supplies (negative
coefficient) supplementary feed.DM losses associated with making
énd fecding out supplementary feed DM are deducted from the
DM present/ha. before harvesting., (See Sect. 5.7.1). Hence,
cach unit (hectare) of SUP25 makes 1858 Kg. of supplementary

feed DM available for feeding, Since:

Supplementary DM

made (less losses)

A%

Supplementary Dil

eaten,

Supp lementary DM

0> Supplenientary DM
- mide (less losses) eaten
SUPAd activity has a (-ve) coefficient in ihe SUPDM
row, (row 93); and SUFFec activity, which represents 1 Kg.
of supj.lementary DM eaten has a (4i) coefficient in the SUPLL

rovw,

A4.2.3 Supplementary Feeding Restrictions (rows 96 - 1256)

Where supplementary feed is considered BEEF activitics
define the amount of supplementary feed that may be fed/animal/
period (see Appendix 2),

Since 1 unit of SUPFFee represent 1 Kg. of supplementary

feed DM eaten, and because:

Supplementary
DM caten

Supplementary

IN

DM restriction

0 < Supplementary

DM restriction

Supplementary
DM eaten

SUPFee activity has a (-1) coefficient in SUPRX row (ee).



e s e

SUFFLEMENTARY FEED MODEL

P.l1-75 76-150 150- 226- 301 306 309 317 318 328 352 336 348
J 225 300
GH GL L LH B8Ur25--5UP30--SUF03--SUPL11 - SUEFC1--SUPF10--SLPF14--SUPF18--SUPF30
1 { ACHO1 0 = 1 1
t
: -1 -1 1 1 1 1
30 | ACH30 =
31 | ACLO1 0 = 1 1
1
, -1 -1 -1 -1 -1
50 { ACL30 = -1
61 { FEZDO1 | 0 2 DMy, -.717
i '
| 70| FEgp10 | 0 2 -DM -.792
1 i
!
74 | FEZD14 | 0 2 -.74
1
?
78 | FEED1S | 0 2 -Dipy - 717
’
C T > -DM
90 | FEED30 | 0 2 DM o _ 479
91 | TOTAC = 1 i ! 1
2 | DMER | M N M
9 FRO freel DM oy DM D {il[.. [
93 | SUFDM 2 -1858 -1925 -~2355 =-1605 1 1 1 1 i
i 94 | SUFRIO1L < .1
1 -1
1 -1
1 -1
) 124 | SUFRN30F 0O £ -1
{ 125 | SUPR fred 1858 1925 2355 1605
. .
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