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ABSTRACT

Synthesis of improved systems of year round dairy herd

feeding requLres whole'systems to be assenbled and evaluated.
In the field, only a linited number of possibilities ean be

examLned and lt ls 1ike1y that there will be interactlon
between systerns and the r:nLque environments in which they are

necessarily set. Modelling was undertatren to enlarge the
posslble nunber of syntheses and to provide a constant envlron-
ment in which they cou1d be conpared.

A nr:mber of forage sourcea and a variety of milk pro-
duction patterns were eobined in a linear progrqqming model

whleh naximized econoic or ph.ysical retur:ns frcru conbinat-
ions of forage supply and denand, within eonstraints of
pasture and cnop nanagenent, cow intake and forage quality.

The linear prograpning nodel was validated, firstly by

exposlng details of structure and output to an expert panel

and secondly, by conparing model structure and output with
those of several real faJrms.

Experiments were carried out in which cropping 1eve1,

stocking rate, conservatlon level, cow production 1evel and

forage yield and quality were varled. Selected systerns were

subjected to sinulated ellnatic variabllity and milkfat
prlce variabllity to test the stabil-ity of prelfuninary eon-

cluslons.

It was shown clearly that the nain thrust of the field
research, feeding for hlgher lnoduction per cow, was 1ikely
to be both feaslble and hlghly profltable. Most of the
potential meana for facllitatlng this were shown also to be

feasible and econmic, though there were llrqitations which

had not prevlously been obvious.
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Nltrogen fertllizer on pasture was shown to be

potentially very va1uab1e. Schedul-es for nitrogen use in
practlce would require.much better definition of response

patterns and the nodelling lent weight to decisions regarding
research in thls area.

High quality, rilted, pastr:re silage was shown to be

an essentlal conponent of systems without maize stlage where

high productlon (f6O rc milkfat per year ) per cow is requlred.

Prelininary evaluation of a sunner-growing grass showed

large potential beneflts and supported an increase in the
effort to develop such a grass for corrmerclal use.

Several other forage crops were shown to have value.
Smewhat surprislng was the finding that grazlng these crops

was often a more profltable and productlve means of utilizat-
ion than conservation, despite inferior efficiencies in dry
matter utillzation. Thls was due to the higher cost of con-

servation allied rith lower quality.

ilfaize sllage was a particularly valuable forage source

and it was shown how efforts to increase its yieLd or energy

density, but not lts protein content, would be rewarding.

ft was concluded that the lnteraction of nodelling
and fiel-d research hsd been valuable ln both d.evelopment and

testlng of hypotheses. Suggestions are nade for more

fomallty ln valldatlon, for greater continuity in para11e1

node11lng and for nore generality ln fleld data collection.
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CHAPTER I}NE

I NTRODUCT T ON

1.1 BACKGROJND

Applied agricultural researeh has a prinary

responsibility to solve real problems. However valuable its
contributions to scientific lcnowledge, much earthier motives

underlie its sponsorship. An abundant supply of cheap food

and fibre is a basic need of all societies and a cdnmon

measure of their success as organizations. Agriculture in

many industrial societles has addltlonal purpose such as

generating overseas trading funds, saving imports and managing

landseapes. In recent years, doubts have often been expressed

about how well agricultural research has discharged its
responsibilitY.

Two types of fallure have been identified. Failure to

account for adverse effects of change in farsting systans has

smeti.mes re$rlted in extensive soil erosion, salting, water

pollution and stream sllting (e.g. see McDonald' Lf/9 ) as well

as social" lnjustice (Ottton 1973). This type of fail-ure can be

categorized as a failure ln definition of objeetives. The

second type of falllre is where the results of agrlcultural

research fall to trave eny irnpact on agrtculture because of

irrelevancy or, more cormonly, because the results exist as

fragments of info:mation whleh need syntheslzing lnto a reclpe

which can be understood by non-seLentlsts (Ebersohn 19?6).

Thls. type of fallure can also sten frm inadequate objectlves

but it comonly occurs because of a lack of corunltment by'

erperimental scientists to synthesls of results, coupled vrrith

a lack of nethodology for doing so.
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An inFortant reason for the failure to define objectives

and to synthesize systems is the confusion between seience and

applied research. Science, that activity which adds to the
body of codified h:owledge, has enjoyed an exalted position
since the industrial revolutlon. It rewards intellectual ex-
cellence and contribution to krowledge without much regard to
the material benefits. But it achleves most of its success

by disassernbly, as attested to by the growth of such disciplines
as molecu1.ar biology and partiele physics. Agricultural research
has been drann inevitably in this direction since agrieultural
researchers generally get a fairly orthodox scientific training.

However, disassenbly and specialization of research
implles that at suceeeding lower levels of system organization,
there are many more branches of study and information than at
higher levels. In this situatlon, synthesis of inforrnatlon
becmes very difficult. To draw an anology from business and

industrial managenent, where the synthesis of infoluratlon is
also an important activity, strmthesis at the 10th level in a

strlctly dichotonous hierarchy would require information frm
2ro = 102/+ sources to be consulted (Beer 1925). Similarly,
specialization in particular biological diseiplines lnsulates
research from the social and econsric forces from which floru
the original research objectlves.

Research in animal production suffers frrrn specializat-
ion more than nany branches of agricultural research slnce it
embraces most aspects of agriculture. The traditlonal areas

of soil sclence, plant nutrltion, plant physiology, plant
breedlng and agrcrmy can all- be identified on the plant slde,
each with lts own subdlvislons. A sinllar hi.erarchy exists
on the anlnal side. Possibly the biggest hindrance of all to
research on, rather than in, animal production systems ls the
dichotony forced betreen plants and aninals in the educational,
phylogenetic and research aspects of science.
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Without funplying that this disciplinary research

should stop, there is clearly a need for more emphasis on

efforts which seek to impose relevant objectives on all levels
of agricultural research and to provide the means of syn-

thesizing fragmentary results into relevant packages. Inter-
disciplinary research is a notion which implies a great deal
of conzultation but has no meaning in an operational sense

without a unifying concept

ft is the unifying eoncept that a systems approach

seeks to provide. Although systens in agriculture and

biology can be partially described by statistical measure and

diagrams (e.g. Spedding 1975), a working systens approach

implies the constrrrction and manipulation of nathematical
models. To be an effective part of the research process,
system nodelling will necessarily be an integral part of the

whole research program, inplying continuity and concumence
(Sturgess L972; Morley L977; Spedding 1W6).

Although the approach is being taken up by nany

research groups (e.g. Wright et aI. 1976; White and Mor1ey

1977; Sibbald et a1. 1979) many modelling studies reported
in the literature have been conducted in isolation, spatially
and temporally, frm biological research programs (Anderson

1971). In addition, many have been concerned with management

decisions in existing systens rather than with the synthesls
and evaluation of alternative systems. ftre reason for these

biases is that economists, more attuned to the use of nathe-
matical nodels, have predoninated in this activity.

Possible reasons for eonservatign about the use of
system models aeong blologically-trained scientists are

several. Firstly, scientific caution (Oitton 1973) inhibits
blologlsts frm working further outside their diseipline
than they aasume their ccurpetence can reach. Secondly, there
is a reluctance to take resources away fron the disciplinary
areas where peer approval and institutional reward are usually
sought and obtained. Thirdly, many of the enthusiastic
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reports of modelling in the literature have been, as indicat-
ed above, lsolated fron intimate hlowledge of the biological
systems they have nodelled. Cavalier treatnent by a rnodeller
of a specialist area probably reduces the credibility of
modelling, as well as modeller, as far as the specialist in
that area is concerned.

This study was eoneeived as an attempt to apply modell-
ing to a current animal production researeh program with whieh
naximun interaction was sought.

1.2 0&JECTMS

The general objective was to show whether systems

modelling could be useful in assessing priorities in an

operational animal production research program.

Within
jectives give

These were:

(a)

(b)

the general objective, two more specifie ob-
ptrrpose to the nodelling part of the project.

to synthesize and evaluate alternative .

dairy feeding systems;

to develop research priorities in the
same area.

1.3 flJTLINE tr THE THESIS

Part I begins by discussing system concepts in
agricultural- researeh and develolment as they apply to goal
definition and to conduet of applied research. Next ls a

consideratlon of research planni,ng with emphasis on planning
at the proJect 1eveI where the individual scientist sets his
own priorities. Part r ends with a discussion of nodelling
in aninal production research and how it night be used as a
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frame upon which aggregations of research projects night forrn

a cohesive research program.

Part II deals with the background to the case study
and with model developnent. The research program from which

the case study evolved was an active one in which various as-
pects were at a variety of stages in the research process and

whose personnel were actively seeking research priorities.
Chapters 6 through 9 deal with technical components and re-
lationships used in the model.

Part III deals with validation and use of the model

arrd with developing experimental results as research priorities.
Validation was a continuous process throughout all phases of
model develolnent and experimentation and althoqh validation
and experimentation are given separate chapters here, there
renains considerable overlap. Experirnental results and the
identlfieation of specific research priorlties are discussed

together since there are large areas of overlap. The final
chapter attempts to natch the results of the study with the

objectives and explores the kind of developnents required to
make modelling an effective and integral part of applied
research in aninal produetion.



PART 1

AGRICULTURAL RESEARCH AI{D

THE SYSTEIIS APPROACH



CHAPTER TI{O

SYSTEMS COI.IEPTS IN AGRICT,LNNAL RESEARCH A}ID DEVELOFMEI.IT

2.I INTRODUCT ION

Fifty years ago, agricultural research was much eon-

cerned with variety and fertilizer trials. The production
system to which the trial results were to be applied was

elearly perceived; indeed the erperiments were often em-

bedded within the system. Both research planning and results
were clearly in context.

The subsequent fragmentation of disciplines has re-
sulted in a distancing of the research frorn the context of a

production system. An inevitable consequence is that ex-
perimental results often find no application in the short and

medium term and in the long term run the risk of being sub-
merged in the growirg voh:me of experimental literature.

This chapter ls concerrred to show how systems eoncepts

developed over the past two or three decades can be used in
substitution for the fa:mers paddock of fifty years ago in
giving a production system context to research planning and

the integration of e:rperimental results.

2.2 NATURE OF SYSTEI-I

At leest since Aristotle declared that ttthe whole is
rnore than the sun of its partsrr there has been reeognition
that the fi:nctionlng of some systems could not be explalned
by disnantling thern and studying their components. In the

case of biologieal systems, the nost obvious manifestation
of complex systerns, a mystical principle, tfvitalismrr, had to
be invoked to explaln life processes. &r1y in the present

century has there been a realizatlon that the forces of
organization, although undoubtedly ptrysical in thelr ultimate



nature, are peculiar to and cannot be separated frorn the
system in which they are embedded or from the leve1 at which
they operate (von Bertalanffy L975).

The study of these forces has led to the developnent
of trgeneral systen theorytt, which is concerned with the
iscnorphisrs and correspondences among widely divergent systems;
in other words a 'rsystem of systems" (Boulding 1956). A

metalanguage of systems (Beer 1975) clearly becomes neeessary
to descrlbe the cottmon features of systens as disparate as

eleetro-mechanical thermostats on the one hand and temperature
regulation in manmals on the other.

Over the past thirty years, independent workers in a

number of seientific fields have developed theories of systen
structure arrd fr.rrction. rnformation and corununication theory
arose fron the need to consider the transmitter, the receiver,
the nedium and the message in corrnunication systems (shannon

arrd weaver 1919). The role of info:rnation in systems whose

primary firnction is not conmunication stimulated the develop-
ment of cybernetics, with its notions of feedback and variety
(Waadtgton 1977). frr a more applied 1evel, theories of
automation and control were also developed (von Bertalanffy
r9?5).

A11 of these develolnents could only have resulted
from a need to consider whole systerns as more than an

accumulation of components. &r1y by ecursidering the linkages
urith thelr coqponents could system functionir€ be understood.
The foundation of the society for General systems Research
gave recognition to the fact that many of these'new system-
orientated discipllnes had a good deal of eonnon ground;
that nany systems ln the world will actually map onto each
other after approprlate transformation (geer l-g75) in the
same way as the forelegs of manmals nap onto each other and
onto the yrings of birds with due changes of scale.
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2.3 SYSTEMS IN AGRICULTURE

If the systems of General Systems Theory are character-
ized by conplexity, interaction and feedback then agricultural
production certainly qualifles as a system. Moreover, the en-
vironment is rurcertain and in nearly every respect these are

open systems, in the sense that they maintain and organize
themselves in the face of a continuous exchange of material
and lnformation with the environrnent.

Agricultural produets are the end result of systems

designed to capture radiant energy in a useful form via photo-
synthesis. The multipllcity of agrieultural products and the
ways in which they are produced ( pr-rcttran and l,Iasefield L97O;

Spedding 7q7r) is one indication of how complex the process

is; another is the fact that despite an efficiency of energy
fixation of less than one pereent (Orrctnarn I97L), there are

no real alternative methods of providing food and clothing to
much of the worldts populatloa:.

Actrmowledging agriculture as a system may serve no

useful purpose unless its place ln hlgher order socio-
econmic systens and ecosystems is also recognized, since its
products and side-effects, respectively, must be aceomnodated

in these systems. 'The difficulties in trading internationally
in nany agricultural commodities serve as a significant con-
straint'not only on methods of production - the structure of
the agricultural system - but also on the choice of posslble
products. The importance of minlmizing disturbance to the
sumounding ecosysten is often well-recognized in traditional
agrlculture - as, for example, by New Guinea gardeners who,

when clearing forest for a new garden, normally leave seed

trees to facilitate fbrest regeneration when the garden is
abandoned - but is often neglected by nodern itconqueringtl

agrieulture - as, for example, by the early faruers of the
Misslssippi basin or the Australian mallee.



.10
At alnost any 1eve1 of agriculture, from the eellular

to the ecosystem, higher-order and lower-order systens can be

perceived, the closest of which interaet with the system being
considered and the furtirest of which have no effect nor are

affeeted. A simple concept of an agrieultural produetion
system might include the curponents shown in figure 2.1. The

simplest definition of the environment is that it is unchanged

by the operation of the system; conversely the boundary in-
cludes all those conponents whieh interact with each other.
Each of the conponents shor,vn in figure 2.1 is properly regard-
ed as a sub-system and further hierarchical levels of sub-

systems could be postulated until the pieture was very complex.

Spedding (1975) nas shown how, by the use of coneentric
rings of variables with a central point representing the out-
put of interest, very complex systens that are difflcult to
show as conventional flowcharts can be depicted. These not
only ease the problem of component identification, but also
facilitate the extraction of particular sub-systems, of which

there may be nany. A hieranehical view of systems has been

outlined by GoodaII (1976), who suggested that, considered
in this way, nany systems and sub-systems would be found to be

honologous, if not identical.

2.4 SYSTSiIS II{ AGRICULTURAL RESEARCH A}ID DEVELOPI'IENT

Recognition that agricultural systems are eomplex and

interacting, and incorporate feedback nechanisns, is a

necessary condition for taking a systens approach to research
on those systems. But it is not, on its own, a suffieient
condltlon, nor does it specify how to go about taking a systerns

approach. A further condition is that a framework of theory
exists, around which htrpotheses are generated and tested.
Without that fraurework, research beeomes aimless, a mere quest

for infor:mation in a field where larowledge is required.
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The develolxrent, by lrfiendeleyev, of the periodic table
of elements is an example of a systems concept whiehled, in-
evitably, to the dlscoyery of nany new elements. Sinilarly,
Harveyts conception of the eirculation of blood as a system

of pipes and pumps led him to the postulation of capillaries
as logical necessities, though he never saw then.

The foundation of modern agriculture is linked with
the realization, by Liebig and others in the middle of the

last century, that plant growbh was a system involving the
soil, supplying water and minerals, the atnosphere, supplying
carbon dioxide and oxygen, the sun supplying energy and the
p1ant, supplying the biochenical pathways whieh integrate the
uraterial ccmponents as growth (Salmon and Hanson 1964).

Liebigrs rrlaw of the mininurnr', a narrifestation of this early
systerns concept of growth, served to highlight the importance

of each and every part of a systern.

This approach, althor:gh largely ignoring interaction
and feedback as mechanisms of response, was responsible for
sme of the more spectacular advances in agricultural pro-
ductivity, particularly in regard to modifying soil ferttlity
by applying inorganic fertilizer. The very success of the

approach in the soil fertllity field led to the developnent

of the deficiency concept and its oecupancy of a eentral role
in many perceptions of the plant-soll systen. Whl1e leading
to the develolment of viable production systems on many pr€-
viously barren soils, this approach has probably hindered the
development of sormd theories of the functioning of the plant-
soil systen and left agricultural science in the position of
being unable to make any quantitatlve extrapolatlon from one

soil type to another (Coltis-George and Davey 1%0).

The rrlaw of the rninimunrr and sinilar reductionist
approaches in other aspects of agricultural science have seen

nnuch effort devoted. to e:rplainlng the effect of this or that
factor on plant growbh and developnent but relatively few
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attenpts to develop general theories of these processes which
incorporate all the variables knoum to be involved. To judge
from the pleas at the end of many scientific papers for more

research into a specific field, it is implied that once a1l
the data are eollected, the functioning of a system will auto-
matically become clear to all observers. But as Spedding
(197, ) points out, 'rsubjects advance by developnent of theory,
rather than by the accumulation of lore relating to partieular
experieneesrt,

More modern system laws, sueh as the law of diminishing
returns, and more nodern concepts of system behaviour, such as
hysteresis (Jeffers 1978) point up the notion thar many

factors rnay operate sirmrltaneously and that behaviour may not
be conpletely reversible. rt is suggested, therefore, that a

systems approach has value in theory development, as well as
in the more visible areas of applied agricultural research,
forrnulation of objectives, conduct of experiments and applic-
ation of results.

2.4.I OBJECTIVES IN AGRICULTURAL RESEARCH

rn subsistence agriculture, where continuous or inter-
mittent food shorbages oecur and human survival is threatened,
there appears to be no anbiguity about the primary objective
of any researeh. rt is to increase food production. yet, two
quallfications can be lmagined lunediately. rf current food
production is already causing r""orr""" deterioration in the
form of soil erosion, perhaps a first objectlve might be to
develop systene that are stable, even if no more productive,
That would at l-east prevent food production declining.
Alternatively, a first objeetive might be to reduce the
variability of food productlon frorn year to year, without
necessarily increasing average produetion. That would at
least prevent excessive suffering in poor seasons.
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One could extend the argurnent to look at the
possibilities of matching food shortages ln one district with
food surpluses in anothei. So, even in superficially simple
agricultural systens, objectives cannot be clearly identified
without first defining the system boundary.

In modern agriculture, the boundary may need to be

dravyn very wide to include social aspects of agrieul_tural
systems (Heady l-97I) for, as forcefutly suggested by Di11on
(L973), narrow or irrelevant goals can bring social disaster
to nany engaged in the production system while producers and

consuners reap the benefits of research.

Notable exceptions to the web of dependency between

system boundary and objectives are perhaps the breeding of
disease resistant varieties of important crop plants. Here,

it is often clear that, without this effort, large sectlons
of agriculture would fal1 completely.

Realization that producers, eonsumers, governments and

seientists all may have multiple goals makes the definition
of research objecti,ves a difficult task. Dillon (tglS) tras

argued that in purposive, hi.erarchical, socio-economic systems,
goals should be formulated at each systen 1evel and transmitted
downward, perhaps ndrrowing the posslble courses of action but
ensuring that research senres some higher-order goa1. Never-
theless, it seems 1ike1y that, for high-1eve1 objeetives to
be more than tr... platitudes whlch have no operational
significancett (Ackott 1962), a good deal of infonnatlon,
appropriately condensed and flltered (Fishel l97I), will have

to flow to high-1eye1 decision makers from the operatlonal
1eve1s.

At, the operational leve1, formulation of ob.jectives for
applied agricultural research is 1ike1y to follow the pattern
snggested by andrew and ltildebrand (1976). First requirenent j.s
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a general objective frarned in a metalanguage (Beer 1975) whieh

is meaningful to those working at a higher level of system

organization. Within tJre general objective, it will then

usually be necessary to have a number of subsidiary objectives
rnore closely related to the hypotheses to be tested.

2.4.2. AGRICULTURAL RESEARCH AND SCIENTIFIC I'IETHOD IN A

SYSTEMS CONTEXT

The definitlon of progressively more specific objectives,
referred to in the previous secti.on, implies a movement towards

identifying speeific problems in the production system. This
begins when system strueture arrd function are observed (figure
2.2). The donain of the observations is clearly deternined by

system bor.ndary (see figute 2.1), the latter having been

deterrnined by the general objectives of the research p"ogram.

Spedding (197r) provides an example where the effects of stock-
ing rate on sheep production, a sub-system in his terrninology,
includes wool production but excludes breed of ewe; whereas a

sub-system to study the effeets of lambing date lneludes ewe

breed but exeludes wool production. These boundaries, being

only conceptual, cannot be absolute unless they include the

whole universe, but they serve to limit the scope of observat-
ion to a nanageable Ieve1 without arbitrarily segmenting the

world into disciplinary compartnents.

In specifying problems, it has been pointed out
(Andrew and lllldebrand f/l6) that a researchable problem does

not autmatieally follow from a problematlcal situatlon. But

at least some of the speclfications suggested for researchable
problems would be more easily applied in a systens context.
First, to cheek that problems are not hypothetieal, it is
necessary that theory (as embodied in the scientific
literature and scientific lmowledge) and practice (represented
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by producers and their advisers) have a comnon framework for
interchanging views (Spedding 1975). Agreenent on system

boundary and structure would seem a useful approach to that
communication.

Second, the scope and manageability of problems could
be clearly seen in advance by reference to some agreed re-
presentation of the system, whether diagram, map or system of
equations. A partieular problem, for exanple, may only be

considered researchable if there is a good chance .of support-
ing research, identifled as being necessary by reference to
the. whole system, being conducted. Supporting researeh is
more like1y to be carried out if those who would be involved
can visua1-ize, through sone systen representation, the

importance of that research.

The next stage i"n research is customarily called
hypothesis formulation (Wright L973; Andrew and Hildebrand
LE76), A good deal of eonventional scientific activity is
concerned. with fragmentirg systems doun to a 1eve1 where

clear-cut binary questions can be posed (illaadington 1977).

However, there is increasing doubt whether answers to these

sorts of questions are relevant to higher-order production

systens (Oitton 1973t Ebersohn 1976). Spedding and

Brockington (f926)'have concluded that both simple, qualitat-
ive hypotheses and courplex quantified hypotheses are required
in the study of agricultural systems. They note, a1so, that
while hlrpotheses may be fornulated Archirnedes-sty1e, in the
bath, a systems approach (specifically, nodel-building) ought

to be a better way of dealing with the complex, quantitative
ttrpe of hypothesls,

A ehecklist of criteria whieh htrpotheses should satisfy
was given by Andrew and Hildebrand (1976) as:

(a) Ifipotheses must be clearly related to the problem.

(b) They must take the fo:m of rrif ... then ...rt
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( 
" ) They should be as sirnple as possible.

(a) They must be capable of verification or rejection.
(e) They nust suggest a plan of action.
(f) They must be sufficient and efficient.

The first criterion establishes a clear link through
problem definition to research objectives. fncreased under-

standing is an insufficient objective without a statement of
the purpose of understanding (Spedding and Brockington L976).

The second criterion is a check against any tendency to ask

questions of the rrwhat happens if . . .rr t;4pe and seeks to ensure

that hypothesis testing will result in some action (i.e. be

applied). The third criterion, simplicity, may have been taken

too far in the past and been one of the causes of excessive

disciplinary specialization (Boulding L956), If Occam's naxim

was rea11y ftPlurality nust never be posited without necessityfl
(Stettam 1y/2, translated by C.W. Maughan) it mi.gfrt be noted

that in canplex systens neeessity may often require plurality
to give usefirl answers (Cottis-Ceorge and Davey 1960).

The necessity for hypotheses to be capable of test has

two aspects. The first is the philosophical requirenent that,
by definition, a trypothesis does not exist unless it can be

tested ( Pasmore lE78). The second is the praetical require-
ment that the resedrch must have access to suffieient resourees

to properly test the hypothesis. The fifth criterion is re-
lated to the previous one in that a hypothesis may be testable
but if it cannot be tested in present circumstances it ls
real1y only speculation. The final criteria, sufficiency and

effleiency, interact with the simplielty criterion.
Suffieieney iryFlles that the hypothesls must be as elaborate
as is necessary to the problem in hand. Efficiency is that
property which w111 rrsult ln the greatest yield of inforrnat-
ion for a given effort.
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E:rperimentation, the next stage of research, is the

testing of hypotheses. Simple lq4potheses, leading to simple

experiments on individual cmponents and proeesses of a

system, need to be justified by evidence that the part of the

system studied does not interact with the rest of the system

in a way that invalidates the conclusions (Morley and Spedding

1968). The nore eourplex experiments appropriate for rnany

aspects of agricultural research require a systematic approach

to their design if they are to be feasible and relevant. A

systems approaeh to the stages of research already. discussed

must largely ensure that experimentation fulfils these

criterla, but three particular approaches to experimentation

with agricultural systens bear some eomment:

(a) Multi-factor, factorial, large-sca1e experiments.

These make large demands on research resources but

may only be large-seale versions of the sma1l,

orthogonal experinents they replaee (Ebersotrr L976).

Espeeially in grazing systems, the desirability of
cotparing management systems over a 

"ange 
of stock-

ing rates (Morley and Spedding 1968) nakes these

designs infeasible or puts too many research eggs

in one experimental basket. Uniforrn sites, often
considered as desirable for large experiments, may

mean that experimental results are only relevant
to a restricted set of similar sites, while the

interaction of site and treatrnent, which may be

funportant biologically and economically, is often
lgnored (McKiruney et al. 1978) but is, in any case,

diffieult to deal with quantitatively.

(b) Evolutlonary farmlets (Townsley 1973i Hutton I9?3)

These represent atternpts to spthesize reeipes for
better production systens. Hutton (1973) claimed
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that regressi.on techniques could be used to
determine cause and effect in these systens but
in an agricultural context the method appears to
be more demonstration than experiment. As

originally envisaged (e.g. see Box and Draper 1969)
evolutionary experirnentation in industrial pro-
cesses involved a continuous policy of operating
part of the system slightly away from its a priori
optinum. A new optirnum is established when the
system reacts favourably to a rnovement. The pro-
cedure is conducted on the actual system whose

improvement is sought, not on a model (e.g. farmlet)
of it, so that there exist no problems of extra-
polation. Besides, responses in an agricultural
production system being typically much slower than
in al industrial system, they are likely to be

dependent on elimate. In agrieultural research,
therefore, evolutionary farmlets seem likely to be

more useful for demonstrating systen concepts than
for testing hypotheses.

(c) System modelling

The next chapter discusses rnodelling in some detail
but it is worth noting here that the construetion of
unambiguous models of agricultural production systems

can complenent physical e:rperimentation by namowing
the range of possible treatments to a nanageable

but relevant set (Wrigfrt et a1. 1976). Cornplementarity

of modelling and physical experimentation implies
concurrence in time, and to some extent in space,

of the two activities.

Extrapolation, as with other phases of research,
benefits from a systerns approach in terms of generality. Many

results of field experiments are soil-speeific beeause of the
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interaetion between treatments and soil and tine-specific
because of interactions with climate. In nany cases, there
may be no way arorrnd this problem but to repeat e:cperiments

in ti.me and space. In all cases, the definition of systen
boundary and structure would help make explieit how restrict-
ive these problens are likely to be. System modelling may be

able to extrapolate the effects over a longer tlme sequence

by sa-upling from historical or generated climatic seguences

(e.g. see Rickert et a1. 19S1). That part of extrapolation
which jnvolves strmthesizing info:mation about eomponents and

prosesses 1n1q inproved systens of production can also benefit
from an approach that recogni.zes the importance of system

linkages as well as components.

2.5 SUl'tlARY

This chapter has been concerned with establishing the
importance of a systems approach to agrieultural researeh.
It began by considering the nature of systens in general and

in agriculture, pointing to the developrnent of a theory and

language of systems which can transcend disciplinary boundaries.
Next, it was postulated that sys-,ems thinking offered a forrnal
mears of giving rational context to :research planning and con-
duct.

The next two chapters deai vrith the means of enploying
systems approaehes to research pianning ancl conduct respectively.
Much of the discussion of researeh planning is concerned with
improving the objectivity of deri'ring researeh priorities, main-
ly by appeal to aspects of the production systern with which
the research is eoncerned.



CHAPTER THREE

RESEARCH PRIMITTES

3.1 INTRODUCTION

^Agricultural research has expanded rapidly in the
past 20 years. On the one hand, disciplinary specialists
have been probing ever more deeply into biological mechanisms

searching for sinplicity and finctirg conplexity. On the
other hand, the integrating production scientists have also
cone to realize the eomplexity of the systerns they have been

working with and have responded by accepting the need for
more conplex cca:cepts and experiments. Both of these
tendencies have expanded the range and scope of potentially
researehable problems and there is an increasing need for
efficiency and reLevance in the mix of research projects which
are underta.ken (Oitton 1973; Brady 1971). The previous
chapter outlined a philosophy of a systems approach to
agrieultural research. The pr:rpose of this chapter is to
discuss some ways of assessing research objectives in a

systems context.

In the past decade or so, ther"e has been increasing
interest in and developnent of methods for increasing the
objeetivity of eriteria for project evaluation. In the
following seetions the components of project value are

identified and diseussed before some roethods of conbining
these into an index of value are outlined. These concepts

and methods rely on clear definition of the produetion systems

that are the subject of research.

3.2 THE LEVEL OF EVALUATION

Much of the literature
research deals with decisions
implied by different projeets
ion system, though one of the

on resource allocation to
at a 1eve1 higher than that
dealing with the same product-
more ambitious approaches used
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a singl-e production system as a ease study (tr'istret 1971) and

sought to present the r.eseareh manager-atlministratorl with
a set of ranked nesearch priorities. It would be in the
interests of individual seientists and problen-orientated
groups to make use of projeet evaluation techniques thenselves
rather than have the results of higher-level evaluations
forced upon them.

3.3 THE NATURE OF VALUE

The elements which dete:nine final value of a project
may be divided into benefits and costs and most of the indiees
of value so far developed make some corrparison between these
two factors. More effort has been made in developing benefit
estimates than cost estimates because of the greater number

of factors involved and the greater uncertainty of returns.
Even for ma11 projects, where a fu11 analysis of benefits
and costs carunot be justified (Peterson 1967), the estimation
of benefits in relation to objeetives can betr... the key to
evaluation of research alternatives ...tt (feaHw and Hjort
1967), Administrators at a1t 1evels, under pressure to allocate
resources more effieiently, seen increasingly likely to demand

fro scientlsts nore quantitative estimates of potential
research benefits, whether or not formal analytical models

are used to discriminate anong researeh alternatives (Bett
t976b).

Pinstrup-Andersen et a1. (tgZ+) point out that, depending on

the leve1 at which research priorities are being determined,
the research manager may be the indiridual scientist, a team

of scientists or a research director.
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3.4 RESEARCH BENEFITS

The najor benefit fron appliecl agricultural researeh

must cone through the production system on which the research

is carried out. Br:.t there may also be other benefits and in
times when the social and opportrrnity costs of research are

being given public prorninence, it nay be important to list
all benefits, direet and indirect. As with benefits arising
frm any other kind of project, research may generate the
foll-owing tSpes of benefits (Puterbaugh 1971).

(a) Comensurable. These are a direet measure of increased

effieiency of output. Ex;lressed in money units as a

resource saving and coropared with researeh resource

eosts, they may be used to compare direetly between

projeets.

Iaconmensurable. These are measurable side benefits
which nay be measur.ed i.n econmic or physical units
but are not necessarily additive to comensurable
benefits. Reduced stream pollution, resulting from,

say, rninimum tillage cropping, is an example where

the extent of the benefit nay be measurable (perhaps

in tons of secliment movenent ) but not yet amenable to
economic valuation.

fntangible. These benefits can be described but not
measured. Increased morale in a fa::uring conmrrnity

night be indexed by a decrease in the nr.mber of
emigrations but cannot be direetly measured and would

remain an intangible benefit.

(b)

It is readily apparent that the evaluation of research

benefits along these lines interaets strongly with research

objectives. Ore of the benefits to be expected from attempts

at U, atrte evaluation of research is a much more explieit
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consideration of objectives. 2 0n1y benefits eomensurable
with research objectives can be used in estimates of net
worbh or benefit,/eost ratio but, as Puterbaugh (19?1) points
out, inccrnmensurable benefits may be an important declsion
criterion for distinguishing between projeets with similar
net worth or benefit,/cost ratios.

The proeess by whieh research results are realized as

real benefits involves a nrmber of steps, some of which in-
volve uncertainty and delay (see figure 3.I). The first r:n-
certainty is that the research may not produce results which
leacl tlireetly to production systern benefits. The project may

also have value in the sense of contributing to scientifie
h:owledge and to scientifie training (pisnet 1971-) whether or
not the project is rrsuccessfulrt. fhe probability of a

successful research outcome (P(R) in figure 3.1) would be in-
flueneed by a nunber of factors:

(a) The location of the project in the researeh-development

continur:m. Development of a modified tillage machine

night be expeeted to be more certain of success than,
say, development of a cold-resistant banana variety.

(b) The existenee of related hnowledge and theory which are
necessary for suecess. These nay be in the process of
development so that probability of success w'i11 change

with tine.

(c) Availability of appropriate staff and resourees. This
ttrpe of constraint may perhaps be overcore by a higher
1eve1 of spend.ing on the same project (fisnet 197I).

The contribution of a systems approach to the formulation
of objeetives is diseussed in Chapter 2.
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The next uncertainty relates to the probability of
ad,option. This is analagous to the probability of conrnercial
success (f,inif 7969) in an industrial context. It may be ex-
pressed also as a pattern of adoption over tine; Fishel
(tW1-), for instance, etprLossed the rate of adoption with tine
AS

+.F
1 - c"-'

where T = nrmber of years to complete the project
e = a shape paraneter (Fishel used.

c = 0.775 in his experiments).

The degrree or probability of adoption in the long term
wil1 relate to the relevance of a find.ing to the produetion
systems concerned. The time course of that adoption eould well
depend on whether cornmodity priees a:re affected by adoption.
Auer (1973) has suggested. that in cases where adoption results
in a deerease in price to produeers, early adoption represents
an attempt to gain benefits befor"e the priee fa1ls, while late
adoption rep::esents an attenpt to ninirnize losses after the
price fa11s.

An rmcertaiaty as to the pe:manence and location of
benefits has been raised by a nr:rnber of studies. Using a

simulation model in which a 10 percent increase ln resource
productivity ancl output was assuned., Auer (tOZ3) showed that
the partition of research benefits between consumer and pro-
ducer depended strongly on the elasticity of dernand for the
ccmrnodity concerned. A similar partitioning between Canad.ian

ancl Uniteil States wheat growers 1ed Tosterud et a1. (lgZ3) to
conelude that ttre net benefit to Canadian produeers of the
development, in Canada, of a new wheat variety depended strong-
Iy on price elasticity assumed. At constant priees long term
benefit-cost ratios were 20.8 for Canadian growers, and 37,6
for North Aneriean growers, but at a price elasticity of 0.5,
net benefits to Canadian growers were ealculated to be

negative.
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Most of tfu nore developed approaches to assessing
research benefits estimate present value of future benefits
by standard discor:nting techniques (neff ]-9T6b). Some use
probability distributions as estimates of important variables
in the researeh benefit calculation (UUit 1969; Fishel_
l9lI; Cartwright 1972). Libik (1969) points out (as does
Anderson (1976 ) in another context ) tnat expected present
value may be different when several distributions are con-
bined than if single point estimates were used.

Any attempt to coropare projects having different ob-
jectives would require, in addition to all the foregoing,
estimates of the additive and multiplicative effeets of
nultiple tectrrological advances (Bayley I97I).

3.5 RESEARCH COSTS

In contrast to the usual costing of research projeets
in which only direct costs are estimated, nost writers on

the topic have stressed the need to include assoeiated costs
relating to implementation r"esearch and developrnent and costs
of disserainating the new teclrrology (fisnel I97I; Mahlstede
I97l-). Further, allocation of overhead costs is necessary
where indiees of net research benefit are to be estimated,
otherwise indices such as benefit/cost ratio and net present
value appear higher than they real1y are.

Direct costs include all those resources which are
specific to the proJect. These include the costs of pro-
fessional and teelmical time, other labour, research
materials, data collection and processing, new equipment and

faeilities and dissemination of results to other scientists
(I,tantsteae 19Zl ). Overhead costs include elerical and

adrninistrative support and some part of the cost of using
existing equipnent and faeilities. Costs of associated
research and development necessa?y for the new technology to
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be implemented would be easil-y neglected. SaLnon and llansen

(t%1) point out that ths lmplenentation of hybricl maize

teelrrology was delayed by the necessity to develop seed-
producing systems, the eost of which developnent would right-
ly attaeh to the hybrid maiz,e nesearch progran. The final
cost is that of disseninating the new krowledge to produeers.

This, too, could be significant part of the overall cost,
particularly wher"e a compler serles of associated changes in
the prod.uction systen were necessary for suecessful iuplenentat-
lon. New higher-yieldlrrg varieties, for instance, often need

to be accompanied by inproved cultural and fertilizing
tech:iques.

It woulil be naive to suppose that implenentation of
zresearch findirgs never generated adverse effects. It is nore
1ike1y that they will be explieitly considered if classified
as costs rather than as cleductions to be made from researeh
benefits. As with benefits, they nay be cormensurable,

incorrnensurable or intangible. It is possible that
incorsnensurable or intangible costs may preclude seleetion of
a project. Nitrate enrichnent of a water catehnent contain-
ing a rerrique species, for instance, night be judged to be too
great a risk, though no value can be put on the speeies at
risk-

As with benefits, eosts a::e frequently discor:nted back

to the present. ft is comnon experi.ence to find also that
costs arre invariably higher ( in real terrns ) tfran originally
estimated. Tweeten (f9Zf) presents inereases on initial
costs ranging frm 1.2 for cargo aircraft io l*.1 - 6.4 for
missiles. Lack of experienee with the latter results in
greater bias and varianee in the increase.
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3.6 INDICES ffi NET ECONOqIC BENEFIT

Fishel (tWt) gives three indices for eomparing among

research projeets:

(a) Net Present Value = B - C

(b) Benefit/cost ratio = B/C

(c) Irrternal rate of return (R): (B - C)/a=o

He points out that each analysis can leatl to a differrent order-
ing of alternatives, depending on the ratio of inltial invest-
ment to arrnual cash f1ow. It is obvious that the net present
value fo:m will favour large projects. The other two forms

arre dinensionless ratios in which all costs are included in
the denomi.nator.

Even if adequate procedur.es existed to generate this
info:mation accurately and econmically, Fishel (19?1) has

shoun that it may only be used for pr"e-ordering research
alternatlves and that adninistrators should antl do require
other infomation in deciding between alternatives. The

otfur jnforuation, d.eseribed by Fishel (tWt) as borxrd.ary and

environmental restrictions and by an admiaistrator in the
same study as technical literature review, personnel and

departments involved, and eooperation expected during the
research, was considered to be a vital part of the aetual
evaluation, as distinct from analysis, of projeets.

Bayley (tgZt) ti.stea four improvements required in
cost-benefit analysis before they could be operationally
useful:

(a ) Better dleans of itlentifying benefielaries and the

way in whieh they benefit.
(b) Better means of identifying adverse effeets.
(e) Better means of estimating the duration of beneficial

and adverse effects.



28

(a) Better means of estimating total benefit frcm a

cmbination of projects (a progran).

3.7 OTHER EVALUATION I'IETHODS

A variety of nethods have been proposed, varylng in
their objectivity and in the scope of factors they try to
encompass. Eecarmic nodels have alneady been considered
and there seems general agreement that they cannot be used

for allocation, only to aid allocation (^Arnon L97jt
Wallace 1978), Obher explicit methods are largely nethod.s

for scoring.

Scorirrg nethods recognize erplicitly that much of
the infomation required for economic analysis ean only be

subjective and ther"efore not wortlry of too much sophistieat-
ion or erqpense in its use. However, there have been serious
attenpts to increase the objectivity of the criteria, as

exenplified by the cmparison, in table ).L, of eriteria
used by USDA (Arnon L9?5 ) ana Iowa ExBeriment Station
(tvtahlstede 1971 ). Although criteria in the latter case are
only used for ranking purposes, eaeh criterion is potentially
measurable while those in the fo::ner are used to seorre pro-
jects but are defined in such a way as to discourage numerical
estimates and so produce less defensible evaluations.
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research projects

USDA ( urith weights )
(Arnon l-97r)

fowa

(Mantsteae t97I)

2.

3.

1.

4

6.

1. Urgency and need (10)

Extent to which research
meets goals of station,
department or natlon (9)

Contribution to krow-
ledge (9)

Seope and size consider-
ing ar"ea, people and
urits affected (8)

Benefits of research in
relaticn to costs (7)

Likelihood that results
will not be available
elsewhere (6)

Ease of extension and
likelihood of innediate
adoption (6)

Feasibility of implenen-
tation and likelihood of
successful eompletion in
a reasonable tine (5)

1. Probability of a suecess-
ful outcorne

2. Gross benefit from
adoption

3. D.rration of gross benefit

/,. hdirect benefits

5. Estlmated direct cost

6. Drratlon of research

Cost of required associat-
ed research and develop-
ment

Probability that assoc-
iated research and
development will be
undertaken and suceessful

Degree and speed of
adoption

Cost and duration of
required extension

.l

a7.

8.
9.

10.

The lowa schene outlined by Mahlstede (tg?l-) is an

iterative one in whieh the eriteria are repeatedly applied to
projects in relation to d.ifferent overall goa1s, beginning
with growth (a reduction in resources necessary for product-
ion of eonstant value output ) and eontinulng wlth equity
(aistrilutive justice) and security (presenration of health
and well-being of individuaLs and soeietv)
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Another schene involving more than one stage of eval-
uation was described by Gilchrist (tgZil. Here, there were

four binding criterla which had to be satisfied before any
project could move into the seoring stage of evaluation
against eight independent criteria. Fishel (tglt) trad pre-
viously reeormended scme sort of screening process (he

suggested the Iowa scheme ) to fitter out irrelevant or i.nfeas-
lb1e projeets before noving into an evaluation procedure.

Cartwright (IWz) fras denonstratetl how projects, or
research activities, may be assigned. scores depending on their
contribution to a set of weighted objectives. Ivlacldillan
(TW3) nas used a sinilar approach to calculating econ@ic
beoefits from research activities. Goal weights nay be use-
ful means of periodically updating evaluation of continuing
re,search; changing weights to refleet changing economic

circumstances and agrieultural technology pe::nits re-evaluation
B+u ony tine either of these ehange (Arnon 1975).

Gilchrist (tgZl) described another scoring nethod which
estimates potential benefits, probability of success and eost
as orders of magnitude ( O-5 = CSf 0; 5-5O = Ctr[ 1; 5O-5OO = CN{ 2

etc. ) and from these estimates erpected payoff as an order of
n4nitude. This last estimate can be used to rank projeets.
0nee again, the prineiple of trying to make numerical estimates
is invoked, drawing attention to, if not necessarily resolving,
the problem of quantitatively estimating benefits in relation
to ob.iectives. Gilchrist (tgZl) points out that if difficulty
is experienced in naling any of the estinates within an order
of nagnitude then the projeet objectives or plaruning have

probably not been adequately speeifled. He further shows that
order of nagnitude estimates ean conpensate for the underestimat-
ion which intuition is likely to produce from dealing with very
stnal1 percentages. An exarnple given shows that a projeet having

a 1 percent effect on 10 pereent of Canadian consuners could
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have very large benefits in order of nagnitude terms.

3.8 ALLOCATION METHODS

Possible alloeation approaches will be outlined only
briefly since they reaI1y belong in the province of the
adninistrator, rather than the production system scientist.

Possible approaches seem to be of three nain ttrpes:

( a ) Allocating by rarrk until resources ar"e exhausted;
(b) Maximizing estimated benefits by progranrming

techniques;
(c) Mininizing discrepaneies between goals and potential

achievement.

lllhere the decisions concern increnental resource
allocation to existing projects or prograrns, the view of
Peterson (1967 ) tnat an ttimplicit market force'r operates to
allocate resou?ces efficiently, finds support in the lnport-
ance research administrators attach to the iilentity of the
scientists proposing research (Fishel l97L ; Gilchrist 1923).

This seens to irrply that the approaches outlined above would

find 1itt1e use in the norrnal type of i.neremental budgeting,
though, as noted by Cartwright (1972), there would be value
in testing the techniques to eneourage explicit eonsideration
of the nany aspects of the evaluation prrcb1em. Vlfiile these
teehniques would have more direct applieability to zero-based

budgeting (Harrran 1973), the latter eoncept has fou:rd 1itt1e
support either eonceptually or operationally (ftrterbaugh 1971).
The eonceptual objections to zero-base budgeting stem fron
considerations of continuity of research (termed the ttrhythm

of researeh", Libib 1969); long-range planning (Mahlstede

I9?7); and the absence of an agreed objective in resource

alloeation (Hurfer and Rubenstein 1971).
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3.9 ESTIMATION OF RESEARCH BENEFITS

In section 3./+, sme of the r:ncertainties of research
benefit were discussed. These related to discounts to be

made from potential gross benefits and it was irnplied that,
given sufficiently clear objectives, potential benefits
could be readily estimated.3 However, experimental applic-
ations (none of the procedures seem to be operational,
Cartwright 1972) of these procedures have been conducted on

fairly sinple production systens, for the obvious reason that
the process of assigning research priorities is eomplex

enough.

h comparison with the soybean produetion systen
studied by Mahlstede ( 1-97l-) and Fishel (I97L), aninal pro-
duction systems, espeeially grazing systens, are very eom-

plex in terms of the number of ways in which they can be

moclified (Wrignt D?3). Research benefits will be corres-
pondi4gly harder to estimate. a Two approaehes could ease

this problen.

The first is a suggestion by Anderson (1-972) tfrat
benefits be estimated for a representative farm by such means

as budgetr.ng (e.g. see BeI1 I976a) or linear programning.

3some procedures require only a ranking or seoring of potential
benefits (e.g. Mahlstede l97li Cartwrd.ght I9?2) but even that
assunes some 1np1-icit estirnation of corrnensurable benefits.

*ft is assumed that a subjective probability distributlon vrith a

range of zero to some maximum possible value would be of little
he1p.
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Illith an estimate of degree and rate of ad.option, it should be
possible to produce an estirnate of the aggregate benefit over
al1 fams. The second is an extension of this approach, in
which a nodel of the fa:m or production system ls rnanipuLated

to estimate benefits fron postulated changes (Oent ana

Anderson I97I; Arnold and Canpbell I9?2i lrficrley t973;
Arnon 7975). This latter approach has been taken by a number

of workers (Duncan L966; Greig l-97l; Trebeek 1972; Iouw
et al. 1976; Baars et al. t976; Wright et a1. l-976). Some,

at least, have claimed that the research evaluation process
has been influenced by modelling, though there is no way of
proving the point.

3.10 CONCLUSION

Ihis chapter has discussed the need for more defensible
allocations of research priorities and has outlined some of
the techniques being developed for more objeetive assessments

of research benefits and costs. ft dealt also with scme

nethods of researeh resource alloeation but recognised that
research adninistrators will frequently have sorne doninating,
intangible criteria upon which to base allocation.

The nethods d.iscussed here depended on some appreciation,
however qualitative, of the relevant production systern.

However, a systems approaeh to the actual eonduct of researeh
requires a more explicit representation of the production
systen concerned. The next chapter, therefore, discusses
one comprehensive neans of representing a system - nodelling.
The discussion is restricted to agricultural production
systens, in para11el with the operational part of this study.



CHAPTER FOUR

THE MODELLING PROCESS

4.L INTRODUCTION

A systens approach to research requires the use of
models for all but the simFlest systems (Speaatg ana

Brockington 1976) anA for all except the very best research-
ers (Wrigbt l9?3). Nowhere is this more evident than in
ani-mal production systens rvhere the bor:ndaries of interest
necessarily extend toward soil-plant interaetions on the one

hand and socio-economic considerations on the other. The

grazing interface, in particular, has been a tliffieult ex-
perimental area beeause the diet of the grazing animal is
determined partly by a conplex of interrelated animal faetors
(e.g. N.R.C. l-Wl-) and partly by a complex of interrelated
forage factors (e.g. Morley and Spedding 1968).

Most discourses on modelling deal with only one type
of mode1. This chapter represents an atternpt to draw toget-
her those aspects of modelling eonmon to simulation and linear
prograrming, at 1east.

4.2 MODEL DEFINITION AND PURPOSE

A variety of classifications of models have been

presented (Utright l-97l-i Innis 1975) but this diseussion will
prinarily be coneerned with mathematieal models which are
nanipulated by eonputer. Ole elassifieatlon that has direet
application in any discussion of nodel-ling aninal production
systerns is the sequenee mental, verbal, diagrarmatic,
rnathematical.
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Far:ners, their advisers, and scientists in a variety
of clisciplines dealing with a production system all have

their mental picture (nodel) of systen structure and function.
Disagreements that arise when these mental images are given
verbal fo:m (as at field days and the like) testify to the
differences between the models. Differences that derive from
the different boundaries that surround each grouprs systern

view are a natural expression of the different purpose each
gToup has in nanipulating or observi.ng the systen.l Thus a

fanner would probably inelude variable prices in his mental
rnoclel while a plant breeder developing new pasture varieties
could reasonably exclude the same process. However,

differences in system perception that derive from ambiguous

or incorrect perceptions of reality are not usually capable of
resolution by appeal to the nental nodels which producecl them.

Progression of mental and verbal models towards
diagramnatic fo:s begins to force the resolution of arnbiguit-
ies and disagreements. Diagrnnmatic nodels are usually
invoked to give qualitative expression to system processes in
the form of graphs, histograms, flowcharts. For example,

they may distinguish between linear and asymptotic relation-
ships, they rnay show that winter pasture growbh is only a
fraction of spring growth, they nay show that pasture grow-lh

is dependent on defoliation history, as well as on cument
environrnental conditions. One najor 1initation is that only
two or three dimensions can norrally be represented. System

organization, a1so, has been difficult to portray
dlagrarnnatically; however developnents in system

representation, zuch as the state-variable conventions of

The relationship between system boundary and purpose has

been discussed in Chapter 2.
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Forrester (1%1) and the eircular diagrams of Spettding
(tgl>), have eased that difficulty.

Conversion of the qualitative statements of diagrarnrnat-
ic models into the unequivoeal fo:m of a rnathernatical noder is
the final step in describing a systen in te:ms that can be

eonmunieated without loss of meaning or precision.

The purposes of nodelling in agricultural research
have bees ers!ilarized as (Ur4Ut l-.fl6)z

( a )' to irnFrove understanding of how a conplex system

functions;
(b) to predict how a system will respond to natural

or induced disturbance;
(c) to solve pnoblens relating to nanipulation of

the system to achieve given ends.

Predietion and problern solving both require some

understanding of system fi:nction so that the first objective
ean be thoqht to subsr:me the others. Yet, as Spedding and

Brockington (t916) point out, total understanding is not
poss:ib1e and any lesser 1eve1 of understanding can only be
justified by reference to purpose.

In the case of applied researeh in aninal produetion
systems,, the subject of this stutly, an important additional
role for nodelling esn be proposed as the provision of a

repository for infomation (Ebersohn 1976) from the more

traditicnal diseiplines of agronony and aninal nutrition.
That such a nedir:n is neeessary ean be gauged frcm the nrxrber
of studies reported where there is almost no.attempt to
explain arrinal perforsnance in terms of nutrient intake, on

the one hand, and almost no atteurpt to assess the value of
forages in animal produetion terms, on the other. The

existence of a model at the aninral/forage interface would
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inFose sone obligation to explain results in te::ms of pro-
cesses as well as senring as a link between the detail of the
disciplines and the generality of theory (Ror:ntree 1977).

4.3 THE MODELLING PROCESS

The classification referred to above, mental, verbal,
diagrn'nmatic, mathematical, ean be considered also as the
first stage of the nodelling sequence (Anderson t9T1;
Ebersohn 1976). A general outline of the nodelling process
is shonn in figure 4.1 antl it is proposed to discuss the
process alorg these lines. Since a model represents a

system, the tliscussion of section 2.[, dealing w-ith a systems

approach to agricultural research, applies equally well to
modelling. Some aspects will be reiterated briefly.

4.3.1 PURPOSE AND SCOPE

As with any forrr of applied research the probleur

should be well-defined, neither trivial nor hypothetical, and

should be within the scope and conpetenee of the research
unit (Andrew and ltildebrand \976). The system bor:ndary,
vrithin whieh the nodel will operate, is detennined by the
overall objectives of the research prograrn while the scope of
the nodel will be dete:mined by the nature of the problem.

Many writers on the subjeet of nodelling, partieularly
simulation modelling, have enphasized the difficulties of,
and dangers of not, clearly specifying the rnodelling objeet-
ives (e.g. Garfinkel et al. 1972; Anderson t9T4; Charlton
arrd Street 1975; Wright 1976). The danger is eneapsulated
by Dil1on's (1971) tfrira Law of Simulation whieh states that
?ronce started, simulation of a system w111 eontinue until
available funds are exhaustedtr.



STRUCTURIiIG TIIE SYSTEJ{

l. Problem Ceflnitlon
2. Systefl boundary
3. 0utput requtrements

coNcEPru[ FR ti[hcnK
t. lnltlal ass,mptlons
2. Structure deflnltlons
3. Flrst approximate of nodel4. Preassessrcnt of assumgtlon

are
assucptlons
real istlc

O,1TA COIIS IDERAT IOI.IS

l. Data requlrements
2. Data avallablllty
3. !{odel ncdlflcatlon

avall abl e

Deternlnaticn of 0utput

PRECTSE I'OOEL SPECTFICATIOI{S

!. Progrinrning language
Z. llodel glans
3. Reexaninatlcn of

grevious steps

Figune 4.1 steps of the modelling process (Baker and curry 1976)
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Recognizing the ttifficulty of hrowing in advance all

the questions that ntght be asked of a model (Benyon rg7z),
one approach to ensuring the nodel is used to solve problems
is to fix deadlines for various stages in the nodelling pro-
cess, as llfright (19?6) aia for the end point of a nodelling
project.

4.3,2 MODEL FORMULATION

Sone of the charaeteristics of models to be con-
sidered at this stage are (Anon 1973; Anderson I971)z

(a ) the theory and assrrmption on which the nodel is based.;
(l) the forn of the nodel;
(c) the fora of equations in which it is erpressed;
(a) the stochasticity to be included;
(e) the leve1 of resolution;
(f) the tine periods to be included.;
(g) the inputs and outputs required.

Since the nodel is rea11y a hypothesis of system
structure and fi.metion, it is probably more important that
it surnnarizes the cument state of hnowledge accurately
(Warner t96/*; Garfinlcel et a1. 1972) than that it be

trinrq'ed by Occamrs razor (stettam l97z). gimplicity aids eom-
prehension and nanageability but might more properly be seen
as a desirable bonus, if achieved, than as a primary object-
ive. For bio-economic models destined for use by extension
services, charlton and str,eet (tgzz) advise restricting a

model paekage to a single specific enterprise or problem,
rather than trying to develop large eorplex models with
greater generality. Warner (196/,) points out that if the
modeller is not conseientious and eritical at this time, or
allows preeoneeived notions to bias his assessment of the
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existing facts, his nodel is al-most sure to lead hirn to false
ccnrelusions about the systen. That the model nay be the only
coherent and comprehensive theory of the system, (e.g. see

Dent 1975; Wright et al. 1976) as opposed to a collection of
enpirical data, may nake this step doubly inportant.

?he s{nplification involved in representingi a real
system by a nathmatical nodel necessitates the ma.king of
asstq>tions about sinplifieations and missions. They need

to be as defensible as the structures and relationships whieh

are inclucled and to ensure they are erplicit, Garfinkel et a1.
(tgZZ) recomend they be listed as they are made.

Deeisions about forn of model include those about

whether the model should be optimizing or not; whether the
model is to be a mechanistic, process model or a eollection
of enpirical black boxes (Wrignt a97I); whether the nodel is
to be constructed on skeleton, modular, or representative
fa::m principles (Oent t975); whether the approach is to be

hierarchical (Gooda1l 1976) or problem oriented (Wrigfrt

1976); and whether stochastic relationships are to be in-
cluded. As pointed out by In:ris (lgll) and, in a more

specifie way, by Anderson (tgZO), nost of the models to be

found in the literature do not belong to the classifications
which would provide the nost realistic representations of
sXrstem behaviour. These defieiencies must be due, in part,
to the relative inexperienee of many biologists in the

model3.irg Frocess but there is also the need to eompromise

between realisrn and nanageability and between generality and

speeificity. Inereased realism is achieved at the cost of
inereased complexity and manageability; it has been suggested
(Jeffers 1978) that in hierarchical terrns, a manageable model

ean cover only three levels of or.ganizati.onr 2 the 1evel at

2 Levels of organization
example in agriculture
organelle, ce11, 1eaf,

dairy cooperative, and

are discussed in Chapter 2. An

night be the sequenee mo1ecu1e,

tiller, sv,'ard, grazed paddock, farn,
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which the problen has been tlefined and one 1eve1 above and

below. The conflict between building a nodel general enough

to justify the costs of eonstruetion (which nay be consider-
able - Morley t973; Arnold and Bennett 1975) ana specific
enough to solve real problems, inevitable as zuch confliet is
(Charlton and Thonpson 19?0), seems often to have resulted in
models which have forrnd no practical application. This re-
inforces the need referred to earlier, to have explieit
objectives.

fhe inclusion of stoehastic elenents in a model, for
whi.eh Anderson (tgZ|) fras argued powerfully, presupposes the
existence of data frm which the stochastic relationships
may be estimated, although Anderson (tgZ+) nas suggested that
it might be better to include subjective estirnates than to
ignore variability. Although the techniques of naking these

estimates and includirg them in some types of models are re-
latively well developed (ffriffips I97I; Rae 1971; Be1l
I976a; Wieks and Guise 19?8) it nay be expectirg too much of
noviee nodel-builders (as most sti1l are) to inelude
realistic stochasticity as well as building nodels which
adequately srunnarize their systems. Moreover, there is the
problem, noted by Charlton and Thonpson (tglO), ttrat inclus-
ion of stochastic variables within the model ( as distinct
from stochastic exogenous variables like rainfall ) may

necessitate thousands of n:ns to determine response with eon-

f,idence. In any case, Andersonts (19?6) warnings seem to be

airned nore at models whieh produce results for makers of
eeonornie deeisions whereas many animal production nodels are
concened with trend prediction rather than event prediction
( tnnis I97r).

Two aspects of time are considered in model formulat-
ion. The first is the total duration of nodelled time, which

will depend on the length of the production period (often a

calendar year in animal production systems ) and on whether or
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not any model variables are stochastic (".g. Wright (fgZO)

found 25 years to be insufficient for distinguishing between

two nanagernent polieies in a sheep grazing system). The

second aspeet in nodels wh-ich deal with dyn"'nlc relationships
is the nr:mber of tine steps within the production period. In
biologieal models, where nost relationships are continuous,

these time periods ought to be related to the time intervals
between decision points but are frequently comprom'lsetl by the

need to restrict nodel size or solution times.

The fom of input and output are more than trivial pro-
gfaming matters arrd need consideration during model formulat-
i.cnr. lltright and Baars (tgZ>), for instance, deeided that to
be generally useful, their pasture growbh nodel should not
require inputs of meteorologieal data which are only kept at
a very few locations. This circr:nscribed the fo::n of their
roodel to an extent (W.0. Drncan, personal comnunication), but
satisfied their original objectives and provided useful
results (vrrright et a1. 1976; Wright et a1 . 1977). 0utput
specificatlons will involve compromise between the need to
restrict the mountains of output that can be produeed by com-

puter implementations of a model (hderson 1974) and the need

to nonitor individual processes within the model (Wrignt and

Dent 1969; Benyon 1972).

4.3.3 MODEL EVALUATION

Since most mathenatieal models are simplifications of
reality and often contain nore assumptions than certainties,
their use as predictors requires some assessment of the

accuracy of their predictions. In the case of sinple nodels

such as linear regression, predietions take the form of a
confi.dence interval in which the predieted mean can be assumed

to lie with a specified probability. The theory underpinning
the use of such models to explain the data and the caleulation
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of uncertainty is ridely aceepted. More complex models,
inplieitly or erplicitry, eontain many uncertainties of this
sort as well as uneertainty of a less definable kind arising
frm ignorance of systen stnrcture ancl fi:nction.

I.r the nore conplex ease, no adequate theory exists
either to explain the data in appropriate terms3 or to pro-
vide estinates of the accuracy of predictions. These two
aspects night be considered as fo:m and content and to sorne

extent apply to al.l kinds of models (Jeffers 197g). It is
proposed here to deal only with sinulation and linear pro-
grerming models.

4. 3. 3. I MoDEL FoRt'l

The proeess of evaluating the fo:m of simulation
models comesponds approrinately with the process custonarily
krovwr as model verification (.Anderson l9z4). presumably

because sinulation models are free-fo::m, a 1arge, introspect-
ive llterature has deveroped arourd the evaluation process.
In sunmary, verification is coneerned with dete:rrining
whether a simulation nodel represents reality eorrectly or
adequately (wrigrrt r97r), as anticipated (anderson 1971), or
reasonably (Jeffers 19ZB). Each case is rnique as an entity

one purpose of the nodel is to serve as a h;rpothesis of the
system in ter:ns appropriate to the solution of a partieular
problem. If aCequate theory (a nodel) aia exist, there
would be no neeC for a new nodel.
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although there may well be components w'ithin the model, such
as stochastic generators, whieh are in general use. Thus,
depending on the pur?ose of the model, and on the theoretical
develolment of the r:nderlying biology, verification eonsists
of ensuring that the nodel mimjss the system in a way that is
representative of the r:nderlying bio10gy. van Keulen (1976)
asserts that arrblack box" ($lright 1921) approaeh at too high
a 1evel of organization can preclude the use of the nodel for
extrapolation.

verifieation in this sense is not so much a separate
stage of modelling, but a eontinuous iterative process in-
volvirg model and sub-model fo:mulation and testing.

In contrast to simulation models, the basie form of
linear prograrnmirg models, the foru that permits an optinal
allocation of speeified resources under given eonditions, is
well hrown (Heady and Candler 1958). Doubts about the
applieability of the stand.ard fo::nulation have given rise to
a nwrber of modifications and extensi-ons. The unacceptabil-
ity of a single-criterion, linear objective function has 1ed
to the development of sub-optimal prograrnming (powe11 and
Ilardaker 1969) and separable programning (".g. wicks and
Guise 1978), the latter pe:nittirrg non-linear constraints to
be included (Burroughs corp. r97r). These methods, the MOTAD

fornulation (Hazelr r97r) ana discrete stochastie programning
(Rae 1971 ) a1low the possibility of r:ncertainty in income due

to activities to be explicitly eonsidered in the model
solution. uncertainty in the extent to which eonstraints will
be binding ean be eonsidered ln chance-eonstrained programm-
ing and r:ncertainty in the input-output coeffieients can be

dealt with by a RINOCO (Wicts and Guise I97B) formulation.
rntertemporal programning perrnits a dynamic formulation (Rae

l-970).
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The other aspect of linear prograrnming model fo::m,

methods of describing activities and imposing constraints,
is nuch more akin to the verifieation phase of simulation
nodelling. There is scope for considerable itliosyncrasy here,
and as with sfurulation models, a responsibility on the
modeller to continually ensure that the model conforms with
reality in a meaningful and cornmunicable way.

4.3.3.2 MCIDEL BEFIAVIOUR

EValuation of model behaviour, normally 1abe11ed

vali.dation in simulation studies, is usually defi,ned as test-
ing whether model output is adequate for the purpose in mind
(Utight I97I; AnCerson I97/r). The forrn of the testing is
usually in the form of eomparison between behaviour of model

and real system. In the ease of descriptive model_s which

merely summarize existing knowledge, an adequate comparison

might be between the sharpened pereeptions of system strueture
and funetion anC t,he vague, ambiguous images whjeh preceded

modelling ( E'bersch:r 1976).

In the case of models to be used in a problem-solving
role (interpola:,j-cn or extrapolation) the most rigorous pro-
cedure is to con:are model output and reality r:rrder identical
condit,ions. Con;,arisons need to be applied to the behaviour
of s'.rb-models a::c processes within the nodel for the proced-
ure to be effec--i're (Benyon 1972; van Keulen 1976). As

with verifieatior-, the process will commonly be iterative
with validation --esis being followed by reworking of parts
of the model. T::e lmportance of avoiding tuning the model

without correcl,i:-g s'r,ructural faults has been emphasized by

a nunber cf wri--:rs (e.g. Goodall 1972; van Keulen 19?6;

Morley 1977). 3'::h a:l approaeh must lead to a model whieh
may only represer.-- -,,he data with which it has been fore€d *,,o

/^agree (BenTon:iT2).
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The question of having intlependent data fron reality
with which to conpare model output raises at least two issues.
First, lf realitJl, fo the form of a procluction systen, does

not exist (a new crop rotation, say) or cannot be measured

without disturbance (a r.nique ecosystemr sa;r), then

verification as outlined in seetion 1.3.3.1 is the best that
carr be done (Anderson I97/r)., Second, where data describing
reality do exist there is a problem of ensuring its indep-
endence from the data used in roodel constmction. Van Keulen
(tgZO) points out the difficulty of ignoring any data which
is present during nodel constructicn and the danger of
cireular reasoning when such data are unconseiously used in
decision-making durirrg model constrrrction and then in
validation. Finally, there are obvious advantages in testing
models in near linit situations, not carly to expose internal
errors of specification (van Keulen 1976) tut to naximize the
universe in vrlhich the nodel might be useful (Gootlall \972).

The next question concertls the nature of the corrparison

between model and reality. A variety of approaches have been

suggested, from quali,tative analysis of extreme values, dis-
tribution shapes, cycles, eonvergence, nunber and timing of
turning points (Mize and Cox 1968; lTright 1970) to goodness-

of-fit tests and regression (Anderson I97/,). A11 of these

represent an atternpt to be objective whereas it has been

argued by many modellers of bio-economic systems that it would

be as well to recognize that validity is a subjeetive notion
(ltlhieht I97I; Anderson 1971; Greig 1979). Statistical tests
are usually designed to minimize the probability of a Type I
error (rejecting the nu11 hypothesis anil the model when, in
fact, both are valid) because of ttsignificantrt diserepancy
whereas Greig (tglg) argues that it is the Type II error
(aceepting the nu11 hypothesis and the model when in faet an

alternative htrrpothesis is t".r" ,rrtliodel is invalid ) which is
probably more important. He argues this on the basis that
the cost of a Type f error is 1ike1y to be no more than the
cost of the modelling to date, whereas the cost of a Type fI
emor might be as large as the potential benefit expected
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fron the nod.e11ing. Sinee the latter must initially have

been estimated to be larger than the former (otherwise why
:

model? ), Greig (I9?9) argues that the best approaeh might be

to ninimize the swr of the probabilities of the two types of
error, a notion also proposed for exploratory experinents in
some circumstanees (Bataan 1972).

Subjeetive eonparisons of model and reality ean be

plaeed in an objective context by the use of trTuringrf-t;4pe

tests where uidentified sets of data are presented to one

or more e:rperienced system observers (Anderson 1971.). If
the model output cannot be distinguished, the test is sald to
be successful. Since much of the criticism of models is
1ike1y to be of a subjective nature, making formal tests of
this tlpe ald reportirg the participants and results would

lend much credibility to any tests made by the nodeller
alone (Greig f9?9).

4.4 THE USE OF SYSTEMS MODELLING IN AGRICULTURAL RESEARCH

Reeognition of the conplexity of agricultural product-
ion systems, particularly those involving grazing, has 1ed to
decreasing confidence in the traditional nethotls of observat-
ion, hypothesis fo:mulation, experiment and lnduction
(Ebersohn 7976). Erpansion of the seope of the experimental
nethod to encompass systems instead of conponents and proeesses

may inerease research relevance but it greatly increases the
resources used by each iteration of the observation,
hlryothesis, experiment, induction sequence and increases the
importanee of making each iteration as productive as possible.

One of the most important roles for systems rnodels is
in providing an explieit conceptual base for the research
process (,leffers 1972), as noted in seetion /r.3.2, There is
1itt1e doubt that the best researchers have always had a well-
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developed but mental. systems nodel as their coneeptual base

(Wrignt 1973). However, the rapitl erpansion of agricultural
research in nid-century saw mary of these researchers pro-
rnoted to adninistrative positions where their opportunities
for cmmunicating their concepts (never s simple process )

were much restricted.

With the prornotion of nission-oriented research 1ike1y

to increase (Dil1on 1973), the need for an interdisciplinary
theoretical framework in interdisciplinary projects will
increase. Despite the apparent success of nodelling in such

a role (e.g. Wright et a1. 1976), a warning about the dangers

of neglecting the more basic aspects of agricultural science

has been given by Boyce and Evenson (7975), who assert that
eoncentration on interdiseiplinary projects by the U.S.D.A.

conmodity research programs 1ed to a relatively unproductive
period of research by that organization, though the measure

of produetlvity was not stated.

A feature of nany agricultural production system

nodelling studies has been the areas of ignoraaee that they
have exposed (e.g. Wright et a1. 1976; Sibbald et a1. 1979)

so it seems like1y that for sone time yet, the main result of
modelling rnight be to send researchers back to disciplinary
work, but armed with greater understanding of the framework

into which their work nust fit. Even when the modelling is
Itsuccessfulrr enough to produee results at a system 1eve1, the
nost 1ike1y use of the results is to guide aspeets of
research rather than to provide producers with any direetly
useful information.

The literature on

does provide a nurnber of
vide inforrnatlon for use

(e.g. see Anderson L971;

artirnal produetion systems modelling

examples of models developed to pro-
by produeers and their advisers

Charlton and Street !975), although
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it is by no means clear how effective this has heen. T{trile

the number of models originating from animal production re-
search teams has also been considerable (.e.g. see Seligman

1976; De Boer and Bose 1977), there nust also be a good deal
of u:rreporbed node11lng going on that is having some effect
on the researeh programs in which it is embedded.

As with the sketehy reporting of valldation procedures
and results, few of the reports of rnodelling give any elear
indication of how the nodelling has affected the research
progran or the producers. There is, of course, no way of de-
fining accurately the course that research or production
would have taken in the absence of nodelling, but as with
validation, there is a requirenent for more rigour in this
area.

4.5 SUMMARY

The preceding discussion has dealt with the nodelling
process in the sequence in which it normally occurs. First,
there was eonsideration of nodel purpose ald system boundary,
then model for"mulation where questions of sinplicity,
stochasticity, 1evel of resolution in tine and space were

discussed. Next, model evaluation and its components of
verification and valitlation were outlined. FinaILy, the use
of nodelling in research into agricultural prod.uction
systens was discussed briefly and it was noted that very few
objeetive evaluations of its results have been attempted.
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PART I CONCLUSION

Part I began by revlewing systens concepts,
particularly as they apply in agriculture and in agrieultural
research. The application of these concepts in agricultural
researeh was then reviewed in two parts. Firstly the setting
of research priorities was discussed and it was coneluded

that the sonplexities involved, together with intangible
criteria held to be inportant by research atlministrators,
inhibited application of some objective methods tlevelopeil

recently. Next, a fo::rnal means of system representation,
nathematical modellirg, was discussed and it was concluded

that in anirnal production research, although a good deal of
modellirg had been done, there were few indications of the
effects of nodelling on physical research programs.

These conclusions 1ed to the decision to concentrate
on a particular research program and to develop an inter-
active rnodelling program at a produetion system 1eve1 rather
than probe the area of setting priorities between research
programs. The ehosen research program and the methodology

of the nodelling are described in Part II.



PART II

THE CASE STUDY AND MODEL



PART II INTROUCTION

The next five chapters deal with the setting up of a

nodelling project to interaet with an active field researeh
program"

Chapter 5 gives the background to the chosen field
researeh prograrn and outlines previous research in the same

fielcl. Chapters 6, 7 and 8 deseribe the aninal and forage
components which are potentlal variables ln the feeding
system. Chapter 9 outlines the structr.re of the main model,

its ful-1 detail being exposed in Appendix D.



CHAPTER FIVE

INIR(DUCTIO,I TO T}IE CASE STIIDY

5.1 INTRODUCTION

To deal with the stated objectives of studying inter-
action between nodelling and field research in an inter-
dS.sciplinary field, the first requirement is a real research
program. This chapter describes briefly the feeding systems

research p"ogram beirg r:ndertaken by Plant Physiology
Division, D.s.r.R. and outlines its advantages for coneurrent
nodelling. Next follows a discussion of alternative forage
feeding system investigations in New Zealand. Fina11y,
conceptual aspeets of the production system are discussed.
These include systen boundary, 1evel of detair and intensity
of teclmology.

5.2 CHOICE OF RESEARCH PROGRNq

Begiruring in the early I97Ot s, Plant Physiology
Division of D.S.I.R. embarked on a program of developing
specialist feeding systens for Northland dairling, beef and

sheep systens. Besides interest in the produetive potential
of alternative feeding systems, a feature shared by nost
studies in the field,l additional reasons have been advanced

for this work (Taylor et a1. 1974t Taylor and Hughes !976,
1978). Anong these are the supplernentation of pasture at

I See section 5.3.
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times of deficiency in quantity or quality; ehanging patterns
of faru output to reduee proeessing costsl and a wish to put
scme of the past theoretical evaluations of forage erop

systems to test.

The dairying phase of this program has been sunrmarized

by Taylor et al. (I979c). After sna1l plot erperiments gave

encouraging results, four far"ms becane involved in the develop-
ment of alternative feeding systens. The authors note that
because of physical and soeial constraints four different
systems evolved on the far"ms. Judgirg fron the inerease in
produetion on the test fa::ms compared with the district
average, eaeh systen has beeir successful ln physical terms
(Taylor et a1. I976b, I977b, I979c). To judge from continued
operation of the new systems by the farmers after formal eom-

pletion of the study, they nust also be suceessful i.n

economlc te:ms.

However, in the ocperimental sense there is no control
treatnent arrd so no absolute measure of benefit. Nor can

total benefits be attributed to particular components or
practices, sone of which nay be unrelated to changes in feed-
ing. There may, indeed, be no convenient way of doing so ex-
perimentally, since many will have effect only in conbination.
That is, there nay be large interactions but no main effects.
But any future decisions about research priorities in this
field will require some estinate of the importance of each

ccunponent, praetiee or combination.

Exploratcry diseussion between Plant Physiology
Division and the Farm Management Department of Massey

University in 19?6 had revealed that the former were interest-
ed in the possibility of system modelling as a neans of
exploring possible future developnents in dairy feeding
systems. The 1a-"ier were interested in the general area of



51

system nod.elling as an adjunct to agricultrrral research and

had already done sme work on these lines for animal pro-
duction systems (poltara t972; Vlright et al. t976).

Given this backgror:nd, there were a number of other
advantages in usirlg this progran as a case study:

(a) A degree of concutrence between modelling and field
research is 1ike1y to bring benefits to the nodel
and the modeller as well as to the field research.2
It is zuggested this advantage arises because the
field research is aetive, data are visible and

accessible. and those conducting the field research
are actively thinking about the systens being
mode11ed. .&lternative farm systems were being
developed and nonitored between 1975 and 1928. Model

construction antl validation spanned the period, 1977-
79.

(b) Plant Physiology Division is loeated adjacent to
lfiassey University cernFus. Physical proxirnity of
field scientists and nodeller a11ows the possibility
of more or less continuous interaction, with
attendant benefits to model construction, validation
and operation.

(c) Plant Physiology Division is actively engaged in
ccmputer nodelling of other systems and has no

institutional inhibitions about the purposes or
validity of nodelling.

2 See Chapter 4.
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5.3 FORAGE FEEDING SYSTE}IS

Interest in alternative forage sourees for feeding
dairy cattle seems to stem frcm two sources. First is the
prolnsition that, at least during part of the year, the
main forage source of New Zealand clairying, ryegrass-white
clover pasture, ma"kes ineffective use of the resources
available for growth. Representing this point of vi,ew,
Mitchell (t963, L966) has pointed to the extravagant use of
water nade by ryegrass at temperatures above 210C and to the
more efficient energy fixation possible by C/+ carbon pathway
plarrts. Mitchell (tgzo) rras also pointed to the linitation
of the shallow rooting of ryegrass. Kerr (l-97j) has shown

that maize not only uses water much more efficiently than
some C3 forages, but uses less water in total over sumer.

A second reason for considering alternative forage
sources is that the best dairy systems appear to be utiliz-
irrg 90 pereent or more of pasture grown, so that the scope

for further gains in production or profitability lies mainly
in greater forage production rather than in increased
efficiency of forage utilization (Carrpbell et al. 1978;

Scott 7978).

There has been considerable exploration of the subject,
both theoretieal and practical, Q], otrte and €x po6t. A brief
review of these studies precedes discussion of the case study.

5.3.1 PREVIOJS EVALUATIONS OF ALTERNATIVE CATTLE FEEDING

SYSTEMS

Mitehell (1966, 1969) emphasized the potential pro-
ductlvity of maize-based feeding systens by assuming optinr:m
growing, harvesting, storage and feeding techniques which
would maxirnize energy produetion per hectare and involve
minimum losses.
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Following that 1ead, early u( oilte economic evaluat-
ions were eoncerned with a very linited nr:mber of sinilarly
intensive systems (l,tcl,atctry 1969, Philpott et a1. l-972),
High crop and pastr:re yields were assumed but despite marked-
ly increased production and cash surpluses, the capital re-
quirements of these feecllotting systems were so large that
they were concluded to be uneeonomic at expected prices.

Systen ilesign was moTe flexible in the study by
Stephen et a1. (tgl+), Here, several feed production, feed
storage and feeding out sub-systens were speeified as

alternative activities in a linear programning matrix. These

authors considered two yield 1eve1s whieh they described as

"researchtt and trpotentialtr, both very high even when conpared

with research station yields (tab1e 5.1). Although cropping
and feedlotting increased profitability at higher product
prices, the capital requirements were again large and the
return to additional capital generally less thaa 10 percent
(Bell I97r).

The first systen to show theoretical advantages in all
irnportant economic pararneters (economic farm surplus, return
to capital, benefit/cost ratio ) was a system described by
Be1l ( 1976a). .Although mueh lower crop and pasture yields
were assumed (table 5.1) simple feeding and storage systems

for silage meant that additional aapital costs were much

lower than in the exanples already discussed. A preliminary
evaluation of this system in the field failed to show any

economi.c advantage over an all-grass system (Carnpbell et a1.

1978). Drought, and higher stocking rates on pasture in the
eropping systern than om pasture in the all-grass system,

were given as two reasons for the failure of the system to
match its pronise. Mention was also made that maize yields
fe11 below prior assr:nption and that maize silage had to be

imported from outside the system. No allowance was made for
the imported forage in the ealculations of profitability.
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Table 5.1 Forage yield assurptiuts

with sme research

of previous evaluations
yields (kg ha-t ).

Permanent
pasture

lflinter
ryegrass Itfiaize Winter

eereal

A,SSUMED YIELDS

Mclatehy

Pbilpott et a1.

Mitchell
Stephen et a1.

BeIf

(tg6e)
(rytz)
(tez1)
(r971)2

(rryaa)

16800

16800

t1700

18400

rlroo

7000

rr700
( reroo ) 

I

8300

16800

21700

25000

18000

17300

t13cc,

u900

MEASIIRED RISEARCH YIntDS (North Island)

Lembert (r%7 ) gooo-rrooo

Baars (tgzOa) toeoo
Hutton & Bryant (tgZ') ffOOO

canpbell et al. (tgzz ) r:ooo
Piggot et a1. (wze) regoo
McCormick (tgZ+) -
Thorr (tgzz ) _

Kerr & Menalda (tgZO) - ZlOo
Taylor et a1. (l-gZOU) - 19OO_94OO

18000-21500

16600-225ffi

- 16100

- 13700-17000

Lupins or alternative.

ttResearchrt yields; rfpotentialtt yields
higher.

were up to 7OO0 kg ha-l
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In the South Island too, erop grazing systens were
predicted to be rnore profitable than all_-grass systens
(Sbephen and McDonald 197?). As in the northr crop yields
achieved on a farmlet scale did not reach the levels asslmed

in the initial evaluation (MeDonald and Stephen 19?8). A

sumary of economic evaluations is showr in table 5.2.

Two general conclusions energe frcm this work.
Firstly, unless sonoe teclrrieal advanee greatly reduces the
eapital costs of storing roughage feeds, cut and carry systems

are likely to remain technically attractive, though uneconomic

in on-fa:m terms. Secondly, the yields assuned for crops,
while technically feasible, have not been reached consistently
at paddock sea1e.3

When explanations of these shortfalls in yield have

invoked unusual seasons as the reason for Iow yield, there
has been no elear indication of whether the authors consider
the originally assumed means to be too high or the
originally assuned variance (if any) to Ue too 1ow. In any
case, comparisons of strategies to cope with variability
were apparently rnade only by Bel1 (t9Z6a) anO then only
between his two arbitrary systems.

5.4 GENERAL APPROACH TO THE CASE STUDY

The evaluations discussed. in section 5.2 were largely
concerned with discovering whether this or that system was

on average more or less profitable than another. Mltchell

3Possible reasons for
cornmercial yields are

discrepancy between experimental

diseussed in section 5./.,2.
and
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(tgZO) has argued that profit nargins can alter radieall-y with
new technology and new narketing opportr:nities and so should
not be used to inhibit research into new possibilities but
rather for rr... posing the issues to be met ...fr. previous

evaluations have recognized this point but the comparative
budgeting of a very few alternatives (Mc0latcny 1969;

Philpott et al. 1972; Bel1 1976a) can only give the most
general indications of whether to proceed or not.

An approach is required that can assess the physieal
and econcnic perfo:mance of a whole range of systems under a

range of physical and eeonomic cireumstances. Then, a

benefit/eost approach ean be used to indicate best directions
rather than to draw conelusions about a whole concept.
Stephen et a1. (L971) took a step in this direction by eon-
strueting supply curves for two 1eve1s of technology but
their model was too aggregated to draw more than the most
general conclusions about researeh options; later their
eeonomie conclusions were questioned (gell 197r).

Any attempt to deal- with researeh options in any
detail requires a much more flexible approach where at least
the struetrre of the systems is not coneeptually fixed or
overly limited. In addition, the selection of a particular
region, Northland, meant that site-specific yields had to be

used. Most of the previous studies used subjective estimates
of yield whieh often seemed to assume that eaeh forage souree
nas being growr in its orrvn best environment, despite being
used in ecrnbination on one farm.
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5.4.1 SYSTB-'I STRUCTURE AND B0UNDARY

.[lthough it is suspected that on-farm and off-fam
economies interaet, partieularly with respect to pattern of
production (Taylor and Hughes 1978), this study is almost
totally concerrred with on-fam systems. Apart fron a wish
to linit the eornplexity of the systems, there is very little
infornation available about the effect on processing costs,
either eapital or running, of changing patterns of nilk pro-
duction" It nay be that estjmation of on-fa::m eosts for
patterns of produetion different from the current ones could
promote a useful exchange of information between production
technologists on the one hand and processors and marketers
on the other. Until such a dialogue is better developed,
simulated variation of produet price at the farn gate is the
only neans of estimating the on-fa:u effects of changed pro-
cessing eeonomies.

lvlaximr:m flexibility of system perforrance requires
that aggregation of conponents be kept to a ninimum in any
system model. Separation of eomponents should also ensure
nininr:n bias in the form of preconeeived sub-systens. In
Northland dairy systems, this requirement translated into
separating all forage sources, even when, like Sudax and

subterranean clover, they are norsal.ly considered as insep-
arable components of a forage sub-system (lurtina 1928). It
meant also allowing a good deal of variation in per eow

perfor:mance, rather than meeting a single set of feed
requirenents (e.g. Stephen et a1. 1974) almost eertainly
more suited to one system of forage produetion than to any

others.

A further dimension of systen boundary and flexibllity
is time. Only steady state systerns were considered, although
it is clear that the speed of farrn development can influence
long-terrn profitabifity (8e11 1976a). The primary research
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problen being considered here is the strateglc one of
identifylng the directions in which a farning system night
move. The more tactical problen of choosing the most economic-
al means of changing a systen is clear\r subsidiary alil is
1ike1y to vary with the circumstances of individual fa:ns.

A one year production periocl was chosen. Beeause of
the eyelic nature of lactation ancl the assr:nect desirability
of having cows ealve in a specifietl eonditionra there was no
need to consider cumulative effects on cows. Surplus green-
feed is assrmed to decay while surplus stored feed is nost
simFlf accounted for by assigning it a monetary va1ue.

5.4.2 LEVEL OF TECHNOLOGY5

In previous evaluations of alternative forage cropping
systems, the use of ftfuturett yields (an estimate of potential
yield at some r:nspecified time in the futr:re ) with present
costs and sonetimes present prices has probably overstated
the benefits of new systems while straining the credulity
of the reader. ilpslp3gtt yields seem 1ike1y to coineide with
steadily worsening terms of trade for fa:mers ( New Zealand
Dairy Board L979) so that the assumption of present yields
together with present costs and prices seems less like1y to
bias eeonomic predietions.

See Chapter 6.

Specific assr:mptions are detailed in Chapters ? and 8.
0n1y the general approach is dealt with here.

lf

f,
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hesent yields in this study are taken to mean the
yields attained by good far.ners using cument technology.
These are not necessarily the naximum yields attainable by
the same farmers but are yields which integrate variation in
soil fertility and crop managenent. In deciding whieh
estimates of yield to use in deriving means and variances,
there was stil1 a degree of subjective judgement involved.
Since most of the farners were sti11 learning how best to
grou the forages, 1ow yields resr:1ting fron recognized
nistales were generally excluded.

fn some cases where only experimental plot yields were

available, farm yields were calculated by discounting for the
effects of scale and sub-optirnr,rn management. Davidson and

lvlartin QgAS ) have pointed out that because experimenters are
generally interested in returns to speeific resourees like
1and, their intensity of use of other resources sueh as

labour, capital and nachinery is often quite different fron
that of a fa::roer who is concerned with returns to a total
package of resources. They point out that depend.ing on the
iatensity of the farming systems, these differences in
resouree use result in differences in yield between farn and

experiment.

5.4.3 CO,IP0NENTS 0F A M0DEL

To give context to the description of production system

components in the next three chapters it is necessary to
preview here the essential elements of model strueture.
Section 5.1.I inplied that the major potential sources of
variation in Northland dairy feeding systens 1ay in both feed
production and cow perforrnanee. Specifieally, feed production
will be assuned to vary in tining, yieId, quality and cost of
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forage available for grazing or eonservation; mirk production
will- be assumed to vary in tirning of lactation start and end,
and in yield during lactation, as well as in cow numbers.

5.5 St l'filARY

The case study was introduced by describing the back-
ground to the chosen field research program and outlining
the particular aspects of concunence and coromunication
which were seen to be advantageous to interaction between
field and model research. After outlining previous
evaluations of forage feeding systens it was argued that
only a flexible nodel could, with econoqy, evaluate a large
number of alternative combinations of forage. The coneeptual
linits of the production system were then described. A

eonservative basis for technology assumptions was then
proposed and finally the fi.rndarnental eleurents of a produetion
system model were listed to give context to subsequent

descriptions of nodel corqponents and relationships.



CHAPTER SIX

DAIRY COW FEEDING

6.1 INTRODUCTION

That feeding of dairy cows must stil1 largely be

described in terrs of requirements instead of production
reqponses is partly due to the fact that lactation begins as

a consequence of reproduction, not of feecting. But there is
intuitive appeal in the notion that to maintain lactation
the cow requires a certain amount of feed, perhaps in the
sense of replacing lost nutrients. In much of western Europe

and North Anerica, the need to house cows in winter with
associated high per cow overheads and rr:nning costs rmst
have lent econcrnj.c reinforcenent to the requirements
philosophy, by necessitating high 1eve1s of production frorn
each cow.

After a few weeks of lactation, feeding 1eve1

dete:mines nilk production between the broad lirnits of
genetie maximum and ninirntrm, While the requirement eoncept
can be useful in hand feeding different amounts of coneentrates
to eows of different production ability, leve1 of rnilk pro-
duction is i:nplied to be the independent factor, not a very
useful concept to explain the response of production to given
Ievels of feeding.

Broster (tgZO) tras summarized the state of knowledge

regarding tlairy eow responses to feed intake in a nodel
(figure 6.1) that ls sti1l largely qualitative. That is, an

operational, zero-base model of nilk production sueh as pro-
posed by Bywater and Dent (1976) seens a sray off yet. But

at moderate levels of milk production there is substantial
enough agreement between feed intakes of grazing dairy eows
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arrd pred.icted requirernents (Hutton r97L) to aecept that wtthin
perhaps narrow linits the requirements concept will work.
Taken together with some lnfor"mation about responses at the
margin, this acceptance suggests the concept of sme kind of
rrstandardrr cow whose feeding is deternined aceording to
requirernents, and variations frm which are d.escribed as

responses. This coneept is explained in detail in the next
section.

Thc renainder of the chapter is eoncerned with
establishing energy ard protein as the two nutrients of primary
inportance, then with establishing the lactation eyele as an

entity. Next are discussed energy requirements for various
bodily fi:nctions while protein requirements are considered
later as a function of total energy requirenent. Then follows
a discussion of appetite linits and a final section
nales some ccnparisons between nodel pararneters and experi-
nental obserrrations.

6.2 THE ''STANDARD" COI.I AND HER DERIVATIVES

The relatively good agreenent between the actual intale
of grazing cows and intakes predicted from feeding standards
over ful1 and part lactations and dry periods (Hutton l-77l-)
suggested that feeding standards could aceurately specify
requirements at least for a particular lactation pattern.
The pattern assuned was for a Jersey-Friesian eross eow of
average genetie nerit grazed at fairly high grazing pressures
on ryegTass-clover pastures (Scott and $neaton 1975; M.A.F.
1976) and will be refened to as RUCOWT (see figurc 6.2). Alone,
this assr:nption does not permit specification of requirements

I Referring to Ruakura Cow since the 'rstand.ard't laetation
curve and liveweight pattern was based on Ruakura data.
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over periods shorter than those considered by Hutton (fqZf).
To speeify requirements over shorter periods a further
assumption must be nade regarding any changes in requiraents
with tine. Irr the absence of a series of production
fwrctions at various points throughout laetation, the simplest
assunption is that, for RUC0W nilk production, average

requirenent is constant. rt is further assumed that responses
to variation frcm RUcolill feetling 1eve1 will be constant through-
out Lactation. rnspeetion of nonthly requirenents estinated
by other vorkers (M.A.f. 1976; Johnstone et al. I97T; Hutton
and Bryant 1976) suggests that sinilar assumptions have been

made.

Because calving of a herd is spread. over several weeks,
herd requirenents differ frm those of an individual cow,
particularly at the begiruring and end of lactation. Cow

requirenents were converted to herd requirements for modelling
purposes by assr.rming a rectilinear calving distribution of
75 pereent calving in the first three weeks and the renainlng
25 percent in the following three weeks. For each noninal
laetation length, 25 percent of cows were dried off 14 days

before the remaining 75 percent. The lactation lengths
assuned, I83, 2I]-, 239 and 267 days are weighted herd
averages.

6.3 THE PRIME IMPORTANCE OF ENERGY AND PROTEIN

Brergy is accepted as beirg the priroe mover in the
diet (Broster f976). Because of the generally high protein
content of New Zealand dairy pastr.res there has been no need

in previous studies to consider the protein content of cows

fed almost who11y on pasture. The relative feed values of
other forages have generally been e:rpressed in terms of
equivalent pasture (Hutton and BryanL IgT6; M.A.F. L976),
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presumably on the assumption that forages of low protein con-
tent would be fed either in supplenentary anounts with
pasture or at a time of the laetation eyele when protein re-
quirenents are low.

In this study, all forages are seen as potential pro_
duction feeds so that no such assr:mption is warranted.
rnstead, explieit representation of protein requirement by
eorrs arrd protein content of feeds nust be made.

hergy and protein concentration are eertainly a

mi.nimun speeification of feed quality. rt is hrown that
dietary proportions of volatile fatty acids can influence the
effieiency of energy utilization for production (Annison l:976)
and can lnfluence the partition of dietary energy between
lactation and fattening (Moe and ryrrerr 1971), but there are
i.nsufficient data frm whieh to derlve predictive relationships.

some of the forages to be considered would be defrcient
in minerals and vitanins (e.g. wirkinson and Kilkenny rgzT) it
fed alone but since this is r:n1ike1y to occur and cannot be
predicted in advance, adequacy is assumed. rf the model were
to suggest diets deficient in minerals or vitarnins, appropriate
costs could be dedueted from model gross margin. The amounts
ard eosts would be relatively smalt (Hutton and Rattray 1976).

Energy is discussed throughout as metabolizable energy
(Mn) sinee this fraction represents useful energy (A.n.C.
1116; Bnyant 197l-). There is eonflicting evidence on whether
d,igestibility and thus ME of a feed changes with 1eve1 of feed
intake in the dairy cow. ltlhen observed, the effeet is much

more serious with rations eontaining higher proportions of con-
centrate (n.n.c. :-97:-) whereas this study is eoncerned with
diets composed a}nost who11y of forage. Reeent sr:nmaries of
dairy cow requirements have reconrnended that no conection to
ME values be made for leve1 of intake (N.n. c. r97r; Alderrnan
et al-. 1971).
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6.4 THE LACTATION CYCLE AS AN ENTITY

MiIk production, body condition ancl food intale are
interdependent aspeets of dairy cow fi:nctioning. If body

reserves are 1ow at the beginning of lactation, peak nilk
yreld will also be 1ow (Broster 1976; Rogers et a1. 1979).
It follows that, relatively, a greater proportion of food goes

towards replenishing reserves than towards nilk production;
tbe effeet laststhroughout lactation. Thus, the potential
effiei.eney of feed utilizatisr for nilk produetion is
deterained at the start of each lactation and a good feeding
seheme will recognize calving condition as a cardinal point
i.n the lactation eyc1e.

The respca:se of nilk production and liveweight change

te current changes in feed supply can be tleseribed by figure
6.1. The actual quantities involved depend on peak nilk
yie1d, as d.iscussed above, and on stage of lactation. The

nain point is that the liveweight response must at some stage

be reconciletl with a target liveweight by next calving, as

leoposed above.

The assr:mption made was to specify a 
"ange 

of cows

with different production and liveweight patterns with a cormon

target, tr-iveweight to be reached by the beginning of the next
laetaticn. These patterns of production and liveweight are

shom tar 267 day lactations in figure 6.2. Shorter laetat-
ions are tnincated verslons of these. A linear recovery of
liveweight to the target was assumed.

6.5 MAINTENANCE ENERGY

A-Ithough nethods of determining maintenanee require-
nents of energy vary, they seek to estinate the energy which
is required for netabolie and kinetie funetions. C1ear1y,

production also involves both kinds of function, and whether
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extra energy involved in produetion netabolism is considered
as a maintenance or production cost is irrelevant in the con-
text of total energy requirement. $/here it is relevant is in
estinratir€ the effieiency of conversion of netabolizable
energy (fm) Uecause the greater the proportion of total energy
ascribed to mai.ntenanee then the nore efficient protlueticn will
appear to be.

Ttrere is general agreenent that maintenance requirement
varies lrith netabot-ic liveweight ( r,wo' , u ) (A.R. C. I%5, N.R. C.

I97l; Iftrtton 197I). Estinates vary from 0./+1 to 0.62 MJ tuIE

per kg IJ0'7t p"" day but more reeent work was consulted to
decide on values ot O.12 and O.iO MJ ME per kg LW0'7s per day
for amn-laetating and lactating cows respectively (Moe ald
TyreLI I971t van Es f976).

These estimates are for sta11ed, therrnoneutral cattle
so to this was added an a1lowance for activity. Suggested
additions have been /+.0 I\,lI ME per day (A.R.C. 1965; Hutton
19?1") or an additional 10 pereent (Joyee et a1. lr9?j). The

maintenance requirenents were therefore increased to o. /16 MJ

and 0.55 MJ per kg LW0'7s respeetively.

krergy requirenents for increased. basal metabolism due

to pregnancy are usually aggregated with those for foetal
growih and increasing eow condition (N.R.c. r97r; Hutton r97r).
Because of the need to treat liveweight change separately in
this study, the energy requirements for each of these three
f\metions was separately ealculated. &rergy requirements for
increased basal netabolisur were caleulated from the following
regression, calculated from data of Flatt et a1. (1%9).

Mp = 0.00166t - O.3O/+ (r, = 6.75xxx)

where Mp = additional maintenance energ'y required
from day 184 to day 281 of pregnancy
(MJ lvm per kg LWo'7s)

and t = day of pregnaney (days from conception).
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6.6 ENERGY REQUIREMENTS FOR FOETAL GROWTH

The requirements for growth of foetus and acecnpanying
tissues is relatively sna11-, but sinee the growth of these
tissues is erponential (X.n.C. I9?I), the tining of the re-
quirenent nay be inportant. Any ener€y deficiency in Late
pregnancy would presumably have to be net by nobilization of
body resenres since it can be assumed that reproduction would
bave high priority at that stage.

Conbining the data of llutton and hyant ( f9Z6 ) on

weight of uterine contents with the energy eontent of repro-
duetive tissue given by Hutton (tgzt) ana assrming an efficiency
of conversion of ME of 25 percent (van Es L976) tfre require-
ments shown in table 6.1 were ealeulated.

Table 6.1 Drergy requirements for foetal growth of a

Jersey x Friesian eow

Fortnights before Weight of reproductive
calving " tissues "i-iiJ.---'- 

Daily pregnancy

fortnight" frh-j energv (tvt'l Un)

10

9

8

7

6

5

1

3

2

1

9

11

t1
\7
2T

2'
3O

36

12

18

)

)

) 6.5

)

)

6.6

7.'
9.0

10.8

71.4



72

6.7 ENERGY REQTJIREMENTS FoR LMtfEIGHT CHANGE

Liveweight gain d.urirrg lactation is relatively efficient
in energy terms. Assuning the efficieney is 60 percent (van Es

1976)the netabolizable energy requirement for liveweight gain

depends on the value assumed for energy content of tissue gain.

Assuming a higher fat/protein ratio than inplied by Huttonfs
(fgff ) estinate of tissue net energ-y content (t+.0 MJ per kg),
a value of 2A MJ per kg is assumed (van Es 1972; Alde:man et
e-l. lq71), nalirg the requirenent for gain 33.3 MJ IrdE per kg.

During the dry period., all liveweight gained by RUCOW

is assuned to be foetal and reproductive ti.ssue, for which
separate allowances are made2. Cows which have been underfed
duriag lactation however, rnust regain body cond.ition during
the dry period. Since it is elear that efficiency of tissue
gain is lower in dry than in lactating cows (A.R.C. t965;
N.R.C. l-97I) it was assumed that effieiency of conversion of
ME for liveweight gain fe1l linearly fron 50 percent 12 weeks

before calving to 30 pereent 2 weeks before calving. Thus ME

requirement increases from /+0 MJ to 67 MJ per kg liveweight
gain.

This falling efficiency is assumed to be related to
stage of pregnancy and so any liveweight regained earlierthan
L2 reeks before calving by cows having shorter lactations is
assmed also to require 40 MJ ME per kg.

The energy sparing effeet of falling liveweight has

been i.gnored on two grounds. First, the effect in late lactat-
ion ls very mall. Secctd, in the first few weeks after
calving, the large loss in liveweight is assumed to be the
r:navoidable mlnimum and that the liveweight profile assumed

was that of eows being fed ctd, Ub.ifiJfi, rather than to
calculated requirements.

2 See section 6.6.
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6.8 LACTATION ENERGY

An efficiency of oonversion of ME for niLk produetion
(tr ) consistent with the paintenanee requirenents already
discussed is aror:nd 60 pereent (van Es 19?6). Taking the
ener€y content of nilk (Tyrrell and Reid 1965) as

!{Er - 0.3858 MF + O.2O51 SNF - O.23t0

where NE1 = net energy in nilk in MJ kg-l
IIF = pe?cent milkfat

SNF = pereent solids not fat

the net enelgy content of FCIvI at 8.9 pereent SNF, is 3.14 MJ
- -l{g At a k1 of 60 percent, lm requirement is therefore
5.23 MJ per kg FCM. To this basic requirernent was added five
percent to a11ow for additional inefficieneies in forage use.
Among these are the effects of high protein content (Morgan

fg72) as well as r:nexplained inefficiencies in silage utiliz-
ation for nilk production (Bryant ald DonneJ.lry 1971; Hutton
and Rattray L976; Bryant 1978). This brought the FCIU IIE

requi.rement to 5.5 MJ kg-I, the average requirenent assumed

for the nilk production of RUC0W, ttrroughout lactation.

Following Alde:man et al. (fWl.) tfre effieiency of ME

f"or nilk production was assuned to be unaffected by energy
eoneentration of feed. The latter is not expected to vary
vridely since concentrate wil.l not be a routine ccmponent of
rati.ons.

6.9 NON-STANDARD LACTATIONS

Three feeding leveIs other than that specified for RUCO$J

were defined. These were 10 pereent lower (lfO), 20 pereent
lower (L20) and 12 pereent higher (nfe). The first two were

defined as havlng total ME intakes r:niformly l0 or 20 percent
lower than RUCOVI fron week 18 of lactation to drying off.
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Earlier underfeeding was not eonsidered because of the
inportance of early lactation in setting efficiencles for the
renainder of laetation (Broster 1976).

HI2 was specified as a series of fortnightly options
throughout laetation rather than as a single pattern.3 The

maximun inerease assuned for any period was related to stage
of lactation and corresponds alrproximately with ap'petite linits.

These feeding patterns were ehosen to cover the rarqge

of produetion levels found on seasonal supply ddi.ry farms
( see table 6.2).

Table 6.2 Isctation patter:ns ancl nilkfat protluction
per lactation (.fe )

Lactation lergth Plane of nutrition

( days ) Standard -IO% -20%

267

239

2tI
783

161r tfi r/+8

r50 u5 r39
I37 t33 r29
a24 rzt 117

I The so-ealled rtstandardn eow (nUCOW).

Assrmed responses to these changes ln feeding 1eve1

were derived frm Brosterts (l-976) sumnary of short-term
responses: a chalge in ME intake of 17 MJ results in a ehange

in nilk yield of 1.4 kg FClt{ and a ehange in rate of Lttlr change

of 0.15 kg per day.

3 This was done on the sinplifying assumption that liveweight
ehange would be r:naffected, an assumption justified only by
the infrequencl,r of leve1s of feeding higher than RUCOtItl.
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Besponses assrmed for L10 and H12 were ehanges of
0.083 kg FCM and 0.0088 kg LTI ehange per day for each MJ change

in ME lntake, as above. For feeding 1eve1 I20, the response

between 10 and 20 pereent change in feeding was asslmed to be

0.091 kg FOt{ and 0.0076 kg LTtr change per MJ change in ME in-
ta.ke, a 10 percent higher nilk response but a linear total
response in net energy. No change in naintenaJree energy re-
quirenent is considered warranted for loss of what is probably
mainly storage fat.

To enable ccmparison between RUCOW ancl estimates by
other workers these reE)onses need to be expressed in terms

of requirements. In these terns feeding 10 percent above or
below RUCOW standards requires 12 MJ ME per kg FCIU of which

3.6 MJ is unavoidably partitioned to Llltt ehange (l,W cfrange may

be either LW gain or reduction in the rate of Ltlrt loss - a

contribution to maintenance ) giving a net requirenent for
additional nilk production of 8.4 MJ ME. Requirenents in the
80-90 percent feeding increnent are 11 MJ ME per kg FCN{ of
which 2.8 Il,,J is partitioned to LW change, giving a net
requirernent for aclditional nilk of 8.2 MJ ME.

An exanple of a produetion fi-rnction for milk and live-
weight is shornn in figure 6.1, where the linearity of the
joint response can be seen. Calculated over the whole year,
the nilk produetion fr:nction would be much less linear, due to
the penalties assoeiated with regaining depleted body eondition
during late pregnaney.

6.10 PROTEIN REQUIREMENTS

It has been assumed that energy is the dominant faetor
in determining productivity. Minirnum protein requirements are
specified in reeognition that some of the forage sources to be

inclucled in the model are deficient in protein and would re-
quire supplementing with high protein forages or with meatneal.
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Any move toward extensive use of high protein supplernents
(including non-protein nitrogen) would require a more

sophisticated approach such as that suggested by Satter and

Roffler (tg7r).

The derivation of protein requirenents generally
follows the schene of Preston (1972). Using a maintenanee

requirenent of 1.6 g ttigestible cnrde protein (pCp) per kg

LWo'tu, suggested by Preston (tylZ) and accepted by Satter
arrd Roffler (t9Z>), md a lactation requirement of 56 g DCP

per hg FCl,l (Bnoster 1972; Lewis ancl Annison 1971) produces a

requirement curve where on the x axis, energy intake erpressed
as a multiple of maintenanee can be exchanged for 1eve1 of pro-
cluction and on the y axis, protein requirement per unit energy

can be exchanged for absolute protein requi.rement (figure 6./r).
Thus allowances can be made for liveweight gain and pregnancy

as well as lactation.

One problen with forages differirg widely in protein
content is that their protein digestibilities will al-so differ.
Figure 6.5 conpares estimates of protein digestibility given
by Glover et a1. (PfZ ) with values for some forages fron the
N.R.C. (l9lt) tabtes. The former authors have shown that the
same relationship applies to mixed feeds so that the
digestibility of a mirture of forages of differen'u protein
contents wilJ. not be the same as a weighted rnean of their
digestibilities. Prestonfs (tgZZ) suggestion was to convert
animal requirements to erude protein and thls has been done by
assuning a feed energy content of 10.5 MJ ME per kg.

Thus in weeks 29 and 30 of a standard lactation, total
energy requirenent is 2.12 times maintenance. Frcra figr.re
6.4 ls read off a protein requirement of 7.I5 g DCP per MJ IIE

whieh, with 10.5 MJ ME per kg DM, equates to a DCP eoncentrat-
ion in the dry natter of 7.5%. Fron figr:re 6.5, crrde protein
required is 12.3% and this converts to 11.71 g CP per MJ ME
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and a claily requirenent of 1393 g crude protein. In practiee,
a curve giving the requirement of CP per MJ ME for any

nultiple of naintenanee was constructed and used.

0n the assrmption that protein is most like1y to be

liniling in srmer and autr:nn the energy content of 10.5 MJ

per 169 D[ was chosen as an average value for sr:mrer forage and

silage.

At a forage energy content of 10.5 I{J ME per kg DM,

dietarif crude protein 1eve1s for the RUCOW vary between 8.3
percent at maintenance to 1J.7 percent at lactatlon peak.

These estinates may be cmpared with N.R.C. (1-97I) estimates
of 8.5 percent for maintenance and 1/+ pereent for nitk product-
iorr of less than 20 kg per day. Satter and Roffler (tgZj),
after calculating the netabolizable protein content of various
feeds, estinate crude protein requirenents of high producing
cows as 16.5 pereent early in lactation, falling to 10 percent
in late lactation.

The latter authors suggest that while non-protein
n:itrogen can be used extensively as a protein supplenent to
br-isg rations up to a erude protein content of about 12.1
pe-rcent, only true protein is useful to raise erude protein
levels to the higher levels required in the first third of
lactation.

6.11 DRY }IATTER INTAKE

Despite the exlstenee of sinple fornulas like

DMI = 0.025 LW + 0.1 y

where II\{I is clry matter inta}e and Y is nilk yield per day
(Bines 1976), the control of dry natter intake in most 1-tke1y

a closed-loop system with feedbaek control mechanisms, and so,
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much more complex than the fornula just given (Monteiro 1972).
If dietary characteristics also influence volurtary intake
despite dry natter digestibility being greater than 65-67
percent (Conrad et a1. I961t Bryant and Donnel-J:y A971) tnen
the prediction of intale linits on variable diets becomes

ertremely gomplex.

Experinental estimates of voh:ntary inta-ke are specific
to the eows ccncerned and nornally take no accor:rrt of cow body

condition or of dietary characteristics (e.g. Hutton L963).
Moreover, the data available are intake acbieved rather than
potential intake.

The simplifled approach taken here is to assr:me that
intake linit is a fi:nction of bodyweight alone and is not
affected by food source. There is enough experiuental evidenee
to indicate that for forages of greater than 65 pereent
digestibility, substitution of other forages for pasture does

not necessarily result in a decrease in voluntary intake (e.g.
Bryant and Donnelly :--97/+; Ilutton antl Douglas 1925).

It was assumed that the higher publishecl peak intakes
represented limits to forage intale. Accordingly, expressed
as a pereentage of bodyweight, dry matter intake linit is taken
to increase frm 2.5 during the dry period to /+.0 after peak

lactation and then to fall r:ntiI the end of lactation (Hutton
1963, l97I; Hutton and Bryant, 1976; M.A.F. f976). The

pattern assuned ls shown in figure 6.6.

6.L2 SUIYO'IARY OF ME REQUIREMENTS

lfai.ntenanee =

0=
n=

plus 10% for

01lI0. 7 s

0.42 MJ

0.50 MJ

(non-lactating )

( lactating )

aetivity to givegrazing
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0 = 0.46 Ir[J (non-]-actating)

o = 0.,, MJ (lactating)

plus ( o. oOfeO t - O. 3oD tilJ fron day 18/+-28L

of pregnancy (where t = days from conceptior).

Iactation

(a) nstandardrt cow (rOOf, relative feedirg)
,., MJ per kg FCIiTI at all stages of lactatisr.
This is a net requl.rement. I;iveweight

change has separate requirenents.

(b ) Marginal requirenents

9O-1.L2/ relative feeding
12.0 MJ per kg FC[tr ehange of which 3.6 U,t

ls actually partitioned to Llll change

( S. + u,l net ).

8}-9o7 relative feedlng
11.0 MJ per kg FOI ehange of whlch

2.8 MJ is aetual-ly for LW change

( 8. Z U.f net ).

Llveweight galn

(a) During laetation
33-3 MJ ke-r

(u) Dry period

40 MJ lcg-t ,rp to 12 weeks before ealving
thereafter (22.1 - 2.? w) M,l kg-l where

w = weeks before calvlng.
'

Growth of foetus etc.

Increasing fron 6.5 MJ ME per day 20 weeks

before caLving to 14./+ MJ ME per day in the
week before calving (a total of 1130 MJ).
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6.13 SIJMMARY S DCP REQUIREMENTS

lrfiaintenance

L.6 e per kg (wo'zs1

Iactation or equivalent energy denand

56 g per kg FCnt

6.14 CCI.IPARISON 0F M0DEL C0l,f IIITH OBSERVED C0tlS

Brought together in table 6.3 are somparisons of
aggregated requirenents between model assr:nptions and

independenta data derived from experiments. Where possible,
ranges have been ecunpared with ranges but in some instances,
only rrstandardtr eows are ccmpared. ghere necessary,
figures are expressed per rrnit of llveweight or producti.on

to a11ow conparison between cows of different breeds or
liveweights.

Generally, model assrnptions fall within the linits
of experirnental observations aLthough there is scope for
compensating errors to exist in nodel- aggregates. Tn

particular, the assrnptions of constant requirenents for
lactation and Llrri gain of RUCOW and constant rates of
response throughout lactation are hard. to Justify exeept

on the grourds of lack of data.

b M.A.F. (tgZO) data not experinental and probably not
conpletely independent.
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Table 6.3 Comparison of model requirenents and responses with
lndepenctent calculations and experinental observationsr

I[otle1 Observed Reference

Lactation effieiency (ZZO days) 9.O7
(W m per kS Fctvf )

(nil.} energy/total ME intale - l) 31.6

ilry period lfiE (UJ per kg Lw0'7s) 0.66

-{mrual efficiency 28.5-23.8
(tg rUf per kg MF)

9.r9
8.71

31.'
36.r
0.80
o.71
o.63

2r.o
3r.1-25.5
20.0
22, 

'23.6-20.O
].8.,

5.O5.8-1.5

12.o-8.2

(r)
(2)
(r)
(2)
(1)
3)
(2)
(r)
(1)
3)
(2)
(5)
(6)

3)Llltl gain efficiency in dry period
(kg ff per ke tltrl)

Milk response to feeiling
(nid-1ate lactation
MJ ME per kg FCM)

Efficiency of nilk + LVtl response
to feeding in nid-late laetation

( (un in nilk + NE in LUG )/1[E
intale ) (/")

12.6-8.6 (+)
7.e-1.7 (7)

21.6-to.2 (8 )
28.o-J"r.9 ( 9 )

19-].232 0)
38-1L (e)

Where not given, pasture f,dE assrmed as 11.0 MJ per kg except in
sumer when 10.5 MJ assr:ned; LW gain and FCIvI assuned to contain
20 U;t and 3.1/+ MJ NE per kg respectlvely.

2 Hign variance in LTf estimalss.

References: (r) Hutton (rgZr)
(2) M.A.F. (wa)

. (l) Hutton and Bryant (1926)
(+) Hutton (1971)
(r) Campbell et a1. (t977)
(6) Canpbell et a1. 1WA)
(?) Bryant and Donnelly (L971)
(8) Hutton and Douglas (rgZl)
(9) Bryant (rVzA;



CHAPTER SEVEN

T}E PASTTNE COPO.IB,IT

7 .I I}ITRODUCTIOI{

Irr tbe context of this study, pasture refers to
perusrent pasture, as nornally grazed by dairy cows in New

Zeeland. This is a mixture of perermial grasses and clover,
varying in detailed composition frm site to site and fron
time to tine. Obher forages, whether pe:ruanent or not,
grazed or not, are discussed as crops in the next chapter.
This chapter deals with the assumptions nade regarding con-
ventional pasture in the linear progreuning model, including
the use of a simulation nodel to generate several years
pasture growbh data.

The diversity of soil types (GradwelJ- 11971-) anA

assoeiated pasture in Northland neant that scrne rfr€presentativet'

pasture type had to be assumed. Althor:gh paspah:m (PoApa,fun

di,La-tatun ) ana kikr-rnr (Peyai.se-fun c,hndelLinunr ) ean be

dominant jn Northland pastures, most dairy pastures are

frcminated by perennial ryegrass ( LoL&n petLutle) ana white
elover (TnL[oLfun neperra). Paspalum is generally decreasing
in abrndance, probably as a result of increasing stocking
rates end blaek beetle (He.tnnongctuu anoton ) aanage ( Pereival
LV77l. Kikuyu is being aetively eradicated frur dairy fa:ms
beeause of its slow winter and spring growth (Larrbert L967)

and its 1ow digestibility in corparison with ryegrass.
A rfrepresentativert pasture ls assumed also to be growing

under conditions of noderate soil moisture or soil fertility.
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7.2 PASTURE GROWIH

When the study began, there was no detailed info:mation
about ryegrass-elover pasture production in NorthLand.

Kikuyu-dcminant swards had been stuclietl at lbitaia, Dargaville
and litltrangarei (tU.n. OtConnor, personal comnwrication) while
published data concerned paspal:n-doninant pastures at
Dargaville on heavy clay soil (Baars 1976a) or was aggregated
into seasonal totats (Lanbefi 1967).

I::itia11y, the only feasible approach was to consider
synthesising pasture growbh by modelling. A sinulation model

of ryegrass-elover pasture growbh developed by lrlbight and

Baars (1975) as part of a beef production model (Wrigtrt et a1.

1976) was the only sueh model readily accessible at the tine
so much effort was made to adapt it to Northland conditions.

7.2.I ADAPTATION OF SIMULATION MODEL

The sinnrlation model uses a set of quadratie functions
to define potential growbh rate at the nid-point of each nonth.
These curves describe potential growth rate as a function
of current dry-natter yield and ean be taken to imply the
relationships between radiation reeeipt, leaf area and

potential growth rate. Linear interpolation between rnonth

nid-points provides fi:nctions to caleulate potential gfowth
rate each day. Potential growbh rate is then nodified by a
correction factor to aeeount for the difference between daily
and long-te:m average tenperature. Growth nay be further re-
duced if soil moisture availability linits potential evapo-

transpiration.

Differences in radiation reeeipt between Northland and

the region for which the potential growbh functions ylere
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originally developed pronpted the first adJustnents, shovrr

in table 7. L. Itltd-points of Northland months were assigned
the listed original- firnetion or mean of two origlnal
fi:nctions. These changes had only minor effects on potentlal
growth rate, as shown in fignre 7.1.

Table 7.1 Adjustments for radiatlon differences

lfonth Inright and Baars (tgZ>)
relatLonship usetl

July July-August

August August

September Septenber

October Septenber-0ctober
Novenber Novenber

December Decenber

January January-Febrrrary

Febnrary February4Iarch
Ifareh

Aprl1
May

June

March

Itlareh-Apri1

April-lt{ay
May

Tbe second ad.justment was for terperature. The

original nodel nodifies daily potential growth rate according
to the d.ifferenee between actual and average tenperature.
since average tenperatures in Northland are higher than in the
environment for whieh the originaL moclel was developed, the
ternperature fi:nctions of the original model were used to make

perrnanent i.ncreases in the potential growth rates between May

and Oetober. These ehanges resulted in increases in potential
growbh rate sf between 6 kg ha-l d"y-t in June and 23 kg ha-t
d*y-t in 0ctober (see figure 7.1). In sumrer and early autunn,
potential growLh rate in the original model was negatively
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correlated with daily maximum tenperatr:re but this relation-
ship was omnitted from the Northland mode1. Reference to the
data of Broughan (1959) and Broughan and Glenday (1%9)
indicated that while ryegrass responded in this way, white
clover growlh rate was increased by increasing ternperature.

In the otrrrational phase of the mode1, ternperature
effects operate on potential growbh rate in an analagous way.

Betweea nid-April and nid-November each degree difference
betneen daily and average mean temperatr:re eauses a ten
percent change in growbh rate. Drring the rest of the y€&rr

daily temperature has no effect.

The other najor change to the original model concerned

the effects of nitrogen deflciency, thought to be greater in
Northland than elsewhere (eiggot et a1. I9?8) due possibly to
the effects of recurrent srunmer drought on elover persistenee.
Nitrogen was assumed to be a rate-limiting factor and nitrogen
deficiency was assumed to be important at growbh rates above

-t50 kg ha - day-'. An arbitrary funetion was defined which

would discor:nt by 20 percent growbh rates of 100 kg ha-t d"y-t
and provide linear interpolation down to 50 kg ha-l day-t

Using weather data for 1975-77, the results shom in
ffuure 7.2 were obtained. These were discussed with a number

of people faniliar with Northland pastures and there was

general agreenent that the pattern was reasonably typical of
Northland pasture grorbh. There were no prospects of better
validation so the nodel was run for 16 years of historieal
weather data frm Kaitaia Aerodrme. The resulting average

growbh rate in each fortnight is shoun in figure 7.J. With
no prospeet of detailed validation against field data there
was no justification for siurulating a longer sequence of
years.
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7.2.2 OTHER ESTIMATES OF PASTURE GROhITH

By late 1978 nore information about Northland pasture
growbh rates was available. Ten years measurenent of the
growbh of a ryegrass-clover pasture at South Kaipara was re-
ported by Pi.ggot et al. ( fgZA ). Pasture grourbh at four sites
arornd l(aitaia was measured by Taylor et a1. (t9Z9e), sd
T.S. Clarkson (personal conmunication) was neasuring pasture
gfowth at trc sites near Wlungarei. A1so, L.J. Davies
(trrersoalal co'nrnu:rication ) kindly provided data from an

eryeriment conparing ryegrass with sone tropical grasses at
Kaitaia. A11 these estimates had much lower late autrnn,
winter, and early qprirg growlh rates than the simulation
rnodel (see table 7.2 and figure 7.3). South Kaipara spring
growth rates rose more s1ow1y in spring than the Kaitaia
simulation or Hanilton measurements (Baars 1976b), due possibly
to greater nitrogen deficiency in Northland (Piggot et al.
1978); excessive soil moisture seems an r:llikely cause on

sueh a well-drained soi1, although it probably linits spring
pasture growbh on many Northland soils (1.0. Taylor, personal
cornmunication ).

7.2.3 FINAL GROTTH PATTERN ASSUMED

Data of Taylor et a1. (l9l9c), Clarkson (personal

cwtnication) and L.J. Davies (personal cowrunication) relate
to a linited nunber of years so they were finally used to
decide, for each period, whether to accept sinulatlon or
South Kaipara growbh rates, South Kaipara neans were aeeepted

for periods 1-12 (Ju1y 1 - Decenber 15) ana periods 23-26
(tr,tay: - Jr:ne 30) and sinulation means for periods 13-22
(Decenber 16 - IrrIay 4). However, growth rates for periods 22,

23 and 2/t were discounted by 0.5, 0.25 and O.L25 respectively
to account for the residual effects of drought on pasture
productive capacity. This gave an average growth rate over
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Table 7.2 Pasture grorth estimates

Period Starting Simulated 
oara Kaitaia Whensaret KaJr.cia A.sstlMEDno. date g*:;e i;fiiil*ffi$3H?8fi'f#:H Mean s.D.

1Jul1
2v
329
1 Aug'12
5zo
6Sep9
723
8Oct7
92r

10 Nov /,

11 18

12 Dec 2

13 16

11 30

15 Jan 13

16 27

L7 Feb 10

18 21

28

3o

31

11

17

,8
60

6/,

,6
,1
16

13

36

3L

l2
t1
T2

11

10

10

11

28

33

31

33

30

t2785

T7

18

23

30

31

35

1I
55

50

55

18

15

13

3'
28

%
26

28

32

35

10

3t
26

26

L9

r.6

r2760

26

31

27

2t

18

19

27

27

2?

3t
11

11

10

19

56

,6
28

28

28

23

23

.21
27

t3
L3

19

19

L9

19

19

L06,27

13

19

21

18

18

17

I3

7

r3

18

17.0 r.8
18.3 r.7
23.t 2.4
29.' 2.1

33. 
' 

3.2
31.8 2.3

41.1 3.7
1r.o ,.8
19.8 12.0

.r1.7 19.1

17.8 ]-9.9

1r.1 18.7

35.6 21.8

30.5 20.8

12., 10.5

13.8 l.1.6
11.5 U.5
10.8 14.0

L0.1 9.3
10.5 10.1

11.4 6.2
14.0 1.9
19.9 

'.O22.6 5.5
19.1 1.6
L5.9 2.r

9500

t2

25

19

20

22

23

21

25

26

Mar 10

21

Apr 7

May

2L

I9
2

l_b

N/A

28

Jun
10

Anrrual yield 9780
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the three periods of 18.8 kg ha-l d"y-t, a figure aLmost

identieal with the results of Davies and of Taylor ( see table
7.2). The final assumed growbh rate is shown in the last
colurnn of table 7.2.

A feature of the simulations was the narkedly skew

distribution of growth rates over sunmer. Between Jaluary
and Apri1, modal grovbh rate was less than 10 kg-l day-l yet
the highest growth rates usually exceeded 40 kg-t d"y-t.
Thene is scme cloubt whether these high rates are realistic.
l&r.e.h of, the rainfall at this time of the year is in the form
of, hngh intensity storms and would, in practice, largely be
lost as n:noff before the profile was recharged.

7.3 PASTURE MANAGS4ENT AND UTILIZATION

The treatment of pasture management in the nodel is
relatively sirnple. Unlike the studies of McRae (nZA) anO

Pollard (tgZZ) tfre details of pasture managenent are not at
issue here. Illhile there may be sa1l gains to be nade from
better pasture management than occurs in this model or on

Northland farns, the reliability of pasture grow-bh data does

not justify any attempt at specifying detailed nanagement

options.

Tlire basic assr.mption is that pasture grown in any
period can be grazed in that period with 90 percent
effieiency. Any assr:nptions about the level of utilization
of standing pastr:re are inplicit in the pasture growbh data
sources. It is not possible to specify the pasture presentat-
ion yields (before or after grazing) which 1ed to the growth
pattern assruoed. In the case of the growbh data taken from
Piggot et al. (]9ZA), no presentation yields are available.
In the case of the simrlation mod.eI, the growth rates were

averaged over 16 years ald over three replieates whose grazing
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cycles were 10 days out of phase. No averages for presentation
ylelds were eomputed but yield before grazing ranged from about
25OO W Dtr ha-r in autr:mr and sprlng to about 1000 kg In1[ ha-l
in January-February. Slubble after grazing ranged between 8OO

and 1000 kg Dr,I ha-I.

Pasture grown but not grazed may be saved into the next
fortnightly period. For most of the year this is assumed to
involve no losses or that whatever losses oecur are compensated

by an inerease in grorbh rate resultlng f?on average standing
pasture yield.s being closer to those giving optimal potential
growth. Drring surmer, slow groyrbh and high teuperature
desiccation are assumed to result in dry matter losses of 10

percent in periods 15 and 19; of 20 percent in periods 16 and

18; and of l0 percent in period 17. Pasture management is
assr:ned eontinuous by allowing earryover fron the last period
to the first.

Pasbure energy content is talcen directly fron estimates
nade by Wright (personal conrmrlrication) and his Ruakura

colleagues for use with the sinulation noclel described by then.
Crude protein content is an amalgamati.on of the measurements

nade by Taylor et a1. (1976a, I9T7b, I979e).

7.4 NITROGEN FERTILIZER ON PASTURE

Nitrogen fertillzer has potential for changing the
pattern of pasture growbh as well as its total quantity.
Responses to nitrogen depend on the interaction of environment
and pastr:re management (Ba11 19?0) so that the limited field
data available are 1ike1y to be time and site speeifie. What

is required is a more general scheme for predicting responses.
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Dring (tXZ ) suggested average d::y matter responses

of 13 kg per kg nitrogen in the eooler parts of the North
Islantl and 20 kg in northern areas. While data ean be

selected which may or may not support these suggestions, there
are enough observations of responses in excess of 20 kg per
kg nitrogen (see, for exemFle BaIl et a1. 1976, Ball 1970,

Serl-ock and O'Connor l9?3) to a11ow the assumption that given
appropriate conditions, these responses car be obtained. As

far as tining is coneerned, Strerlock and O'Connor (tgZl) could
show no differenee in efficieney of response to nitrogen
applied at any time between April and early Septernber, only
in the time over which the response is spread.

Because of these uneertainties and the trnlmown effects
of continuous nitrogen application, total arrnual nitrogen was

limited to 150 kg h"-l in three applications. Responses of
20 kg dry natter per kg nitrogen are assuned, recoverable over
8 weeks in late autunn (periods 22-25) ana late winter
(periods 4-?) and over 6 weeks in spring (period.s 7-9). Any

applieation of nitrogen is at 50 kg ha-r and althoqh only 3

application times (periods 1, 7 and 22) are specified, by de-
fining the responses as occurring over several periods, it is
possible to inply times of application ald availability of
responses as shown in table 7.3. If extra herbage grown

ccntains 2.5 pereent nitrogen, recovery in the tops of 50

pereent of applied nitrogen is assr.med. I\ruenty-five pereent

of the extra herbage is assurned to be below defoliation height.
The renainder is aggregated with pasture growbh in the ordinary
way.



Tabl-e 7.3 Trnplied tLuing of nitrogen application and

9T

respdrse

Specified
application

periodr

Specified
response
perlods

Irplied
application

periocl

1

2

3

1

1

5

6

7

7

22

7

I
9

22

23

21.

2'

5

6

7

19

20

2L

22

t See table 7.2 for actual dates.

7.5 PASTURE SILAGE

illany of tbe assrrmptions uade about pasture silage are
quite arbitrary sinee there was no information frm field
nonitoring of any siLage naking in Northlend, l-et alone
wlltedn fine-chop silage naling as assumed here.

Pasture is shut up for 6 weeks before cutting for
silage. Drring that tine and for the next 2 weeks no grow'bh

ls available for grazing. For the next 2 weeks (weeks 9 and

10 fron shutting up ) only half the no:nal growth ls assr.med

to teke place. Shutting up nay colmrence in periocls 7, 8 or
9 (septernber 2j, October ? or Oetober 21). Yield of silage
is not directly related to pasture growth since different
defoliation leve1s are assuned. The iwo early euts are
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assumed to yield 3.5 t DM ha-l fed out, the late eut

3.O t ha-!. With assuned dry matter l-osses of 12 pereent in
storage and 5 percent in feeding out, paddock yields of 4.2 t
snd 3.6 t ha-l are lnplied.

In practiee, greater yields nay be achieved by delay-
ing harvest, but only at the expense of silage quality. Since
one of the objeetives of silted fine-chop silage is to produee

a hi.gh quality feed suitable for production rations, high
qual.ity silage was the only kind speeified. Thus all pasture
silage was assumed to have a M.E. concentration of 9., MJ kg-l
and a errrde protein content of 1/+ percent.

Silage costs were divided into production costs, (those
ineuned on a per r:nit area basis ), md storage and feeding
costs, (those incuned on a per unit weight basis).

7.6 PASTURE HAY

The neehanics of conservirlg lnsture as hay were the
same as for silage except that pastures were shut up in
periods 8 and 10 and were not available for grazing again
wrtil 12 weeks had passed. As w'ith silage, yields are
arbitrary. Illgher grorlh rates while pasture is loeked up,
dif'fer"ent defoliation levels, and hayna.king losses account

for differences between pasture withheld frour grazing and

yield of hay. While regrow-bh is delayed in the same way as

after silage is harvested, the later timing of haymalirg
means that there can be no build up of pasture to earry into
January and February.

Metabolizable energy content is assumed to be 8.4
MJ per kg Ih{ and erude protein content 12 percent. This implies
good quality hay (M,A.F. 1976), a notion again ineompatible
with delaying harvest to promote higher ylelds.
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Costs are dividect in the same manner as for silage
but are based on the fa:mer doing most of his haynaking
rather than contracting as with silage. Ttrus hay was sLtghtly
eheaper per unit dry natter or par.i,unit energy, though if
costed ln tbe same way as pasture silage wouldl cost more.

7.7 $,li|NRT

Tllis cluptcr has outlined the assurptions made about
pasture gnrth and util-ization. It began by showing how a

simulalbicr model developed for another regl.on was adapted for
Northlud. Next, the process of conbining sinulation model

output with other estinates of pasture grornth to derive a

synthetic grow'bh pattern was diseussed. Then the assumed

simple schene of pasture grazing nanagement was described.
Next, it was arguecl that the influence of rdtrogen fertilizer
on pasture growbh and utilization was so u:ncertain that
substastial restrietions were neeessary on ite tlning and

quantity. Finally, assumptions regardir€ the consenratl.on
of pasfiure as silage or hay were glven.



CHAPTER EIGHT

TFE CROP CO{PONEIVT

8.1 INTRODUCTION

For purposes of discussion crops are here defined as

forage sourees other than the conventional pasture dealt
with in the previous chapter. Specifically included are
perennial swards (of species other than perennLal ryegrass
and white clover) whose main use will be as grazing.

The range of crops considered is linited to those
either in conrmercial use or which have been tested experi-
nentally in Northland or in a similar environment. The sub-
jective nature of the prior decisions leading to this
situation are recognized though there is at present, no

remedy. In the present circr:rnstances, a erop may be consider-
ed as a potential forage source on two criteria. Firstly, it
may be envisaged filling a conceptual role in a partieular
kincl of system, e.g. winter legumes as a neans of reducing
fertilizer nitrogen inputs (Taylor and Hughes 1976).

Secondly, it nay sinply have high potential yields but no

obvious role in an aninai produetion systen, e.g. winter
cereals which give yields up to 20 t ha-l harvested in
Novenber-December (Kerr ancl Menalda 19?6).

8.2 CROP MANAGEMENT

The yield advantages of crops over pasture can only be

realized where crops are well nanaged. In particular, time
of sowing and harvest have been shown to greatly influence
yield of annuals (Menalda and Kerr 1973; Kerr and Menalda

L776; Taylor et a1. L976b). ff double cropping systens, as



9'
envisaged in this study, are to suceeed there is llttle
latitude for altering soring dates, though ha:srestlng time
is flexible up to a Iinit. orly one optlrnal sowing tine
is assunecl for each crop.

This assr:nption is made on the basis that different
patterns of forage availability can be got fron different
erops or different hanresting times, rather than fron
sequential planting times as used by stephen and McDonald
(19?S). A theoretical exampl-e is provided by Taylor ald
Ilughes (DZg) where, in the final year of a naize and
cereal sequence, an early natr:ring wheat is substituted
for oats so as to al1ow establislrnent of red clover in
early October.

Obher aspects of manageurent, though 
':rspecified, are

implicit in the yields and costs given. That is, assumed
yields are below experimental means but assume a certain
ad.equa^r,e standard of management together with the costs
thereby incurred. I

Effieient hawesting, storage and. feeding of silage
(and hay) is assrimed. Harvesting losses are assumed to be
already accounted for in the yield data. Assumed losses in
storage (12 percent) ana feeding (5 percent) result in a

total loss of 16.4 percent of clry natter yiel_d for all
consewed forages.

Changes in nutritive value during the conservation
process may result in losses of nut:"ients adttitional to those
lost physically in the dry natter. For instanee, the

Assriroptions about 1eve1 of teclurology are diseussed
fu1ly in section 5./r.2.
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reduction of ME eontent f?on about 11.0 MJ kg-l in fresh
pasture to 8.4 MJ kg-t ln pasture hay, when added to the 16.4
pereent loss in dry natter results in a total ME loss of 36
pereent.

8.3 CROP NUTRITIVE VALUE

In nany eases, there was no direct information about
crop quality in Northland or in New Zealand. Recourse was

often made to overseas data (e.g. N.A.S. 19?1; A.R.C. 1976)
which for consenred forages was reasonable enough. However,
feeding trials and proximate analyses whieh provide such data
presumably refer to whole plants and will usually under-
estimate the nutritive value of a crop whieh is selectively
gfazed. Sme allowance was usually nade for the effects of
seleetive grazing on the assr:mption that cows w'i11 select for
higher digestibility.

8.4 MAIZE lZea. naryl

Maize has been a key component of most alternative
forage feeding systems considered for New Zealand. It is
widely used as a foiage crop in western Europe and the u.s.A.
(Taylor r9?r). rts putative advantages have been surnmarized

by Kem (r9zr) as:

(a) potential yield twice that of pasture;
(b) less affected by drought than pasture;
(c) conserved as silage, it reduees the eorrelation

between season and farrr outout.

Although there is linited information on maize yields
in Northland, substantial data a're available for other areas.
Mean yield at naturity was therefore ealculated by taling the
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nean waikato grain yield for the years ]r97o.7r to l9T4-752 anct

convertirg to silage dry natter yield by rnultiplfrng by 1.2
(Kerr I97r). Yields of earlier years were not eonsidered
because of the novelty of the crop at that tine. The generally
declining yields of years after 1971-75 were not included in
the calculation. rt is suspected that they were due to 1ow

teroperature in November ald December (tr,tccormick, personal
conmunication). The relationship can be describeil by the
equation

y = 0.OI51x + 1.88 (r' = 9.79x*x)

where y
x

grain yteld at 15% moistrre ( t ha-r )

accr:mulated degree days above 1O0C in
November and December.

Generally higher temperatures in Northland, it is assr:med. here,
would result in more stable yielils. The final silage yield
(harrrested) assuned was i-.1.3 f ha-I.

The possibility of earlier grazing of maize required
estimates of yield prior to naturity. The growth curve
synthesized frorn data of lr{enalda and Kerr (1973), Thon (tgzz)
and Ridler (personal conrmr:nication) is shown in figure g.1.
utilization by grazing was assuned to fa1l linearly from
90 percent at a dry natter yield ot 3.5 t ha-l (earIy
Jarruary) to 65 percent at a clry natter yield of 14.3 t ha-r
(nid-March) althoWh linited field experienee suggests no
such simple relationship (B. Ridler, personal eormunication;
K. Jaguseh, unpublished data),

Assumed netabolizable energy and crude protein eon-
tents of naize eonsurned by cows are shown in figure 8.1. Ttre

2 Data supplied by S.J. McCormick



u

m^
E

|5E
U
o
N

l0 '1
..1
+J
5

5tr.r{
A
CJ

0

A 9tz(t\
,q F)

;3t0
J4

=? o8
oo
FIO
VN

,rJjo
F{ .r{
o+J'i,44

g
_: 

.F{

:s2
FEB. ,\AAR.

lrlaLze: aEsumed growth pettern and

nutritive value of greenfeed (joined
points) and sil.age.

Figune 8.1



98
fo:mer was inferred from data of N.A.S. (I97I), the latter
fron data of l{anway (tgoz) who showed that, prior to silking,
nitrogen accurnulates faster in maize than dry matter. silage
nutritive value is taken fron vrtilkinson and Kilkenny ( \977)
who suggest that crude protein content carr be increased cheap-
1y, if necessary, by add.ing urea.

Maize silage is assuroed to be made from mature maize
w-ith a grain content aror:nd 50 percent of the dry matter and
with a mean dry matter content of 30-35 percent.

8.5 HYBRID GRAZING SORGHUM (sottghm bicoLuz x S. tudanentel

Two factors favour the use of a sorghr:n sueh as cv.
Sudax SX6 in Northland. First is its relative drought
resistance (Gerlach and cottier r974t Taylor et a1. rg7/r)
compared with ryegrass-clover pasture. Second is its
characteristic of regrowing after defoliation ( chu and rillman
1976) thus extending i.ts useful grazing season over a longer
period than a non-regrowing crop such as maize.

Cut twice or three times, Sudax in Northland yields
arormd 10000 kg ha-l Dtrrl (,rurrina 1928 ) conpared with g/roo-

9700 kg ha-t in the Vrtaikato (Gertaeh and Cottier I9?4).
Although nueh higher yields can be obtained from a single
later harvest, a total DM yield of 10000 kg ha-l was assumed

in this study. strip grazing ean be used to obtain a smooth
pattern of dry matter avai.lability over sunmer (,lur1ina L97B)
though some quality variation is assumed as the erop becomes

more mature. Table 8.1 suggests three grazing patterns whieh
have been aggregated to give the feed availability pattern in
-r,able 8.2. Although there may be eircumstances in which a
different pattern of feed availability might be desirable,
*i,he influence of rnaturity on digestibility, dry matter
utilization and regrowbh potential (a.0. Taylcr, personal
eommr:nication) and on hydrogen cyanide toxicity (Hrurt ana
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Taylor 1976) effeetively lr'rnfts gFazing management options
with Sudax.

The qual-ity assr:mptions of table 8.2 are drawn fron
N.A.S. (t97l-) aata on Sudan grass together w.ith sone crude
protein measurenents made in Northlana (Hrurt et al. t979;
Taylor, unpublished data ).

Table 8.1 Sudax:

Period Grazing
no. no.

three assumed grazing patterns

Yield on offer
kg ha-r

Utilization
r

v
16

17

18

1V

2I
22

Total

3500

4roo

4500

2000

2000

9500 11000 9000

90

80

5000 65

85

8,
3000 85

80

1000 80

Table 8.2 Sudax: assumed pattern of
ME and CP when grazed as in

Utilizable
InI

(rg n"-t )

ME content

(MJ ks-r )

availability of DM,

table 8.1.

CP content

(fr)

Period

14

16

II
18

t9
20

2L

1Z

Total

1070

1220

1100

1150

t290
860

5lrO

410

76/+0

ro.7
9.5

9.1
ro.5
10.5

10.5

ro.3
ro.3

r0.2

t1
12

10

13

t3
T3

t2
T2

12

MASSEY UNIVERSITE

LIBR/.P.Y
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8.6 I,IINTER CEREALS

Winter eereals, particularly oats, have been seen as

useful forage sources which can be growr between successive
maize crops and can be grazed or ensiled (Eagles and Taylor
1976; Kerr and Menalcla 1976). Only in the last few years
have specialist forage varieties been sought and evaluated
(Taylor et al. 1976b; Eagles et a1. lrg79).

The growth curve assuned for oats was that of Florida
501 grown at Kaitaia (Taylor et al. I976b). The pattern of
growbh is similar to that given by Kerr and Menalaa (pZ6)
and Eagles et a1. (tgZg) exeept that rapid growth cormences

earlier in Northland than in areas fi:rther south. These ex-
perimental means were discor:nted by 28.5 percent to give the
padd.ock seale yields shown ln figure 8.2. The discor:nt
factor was calculated from the ratio of average farm maize
yidlds3 to average experinental maize yields in the Waikato.
This ratio was used on the assr:mption that yields of erops
grown on the sane scale and for the same purpose would differ
between farm and experiment by the same proportion (OaviAson

and lrfrartin ]-965). The ratio used was I1.3/2O = O.TI5 where
the nr:nerator is the average maize silage yield assumed in
section 8./t ana the denominator is an average recent experi-
mental yield (thon 1977).

Oats regrowth is significant only if harvested before
sten elongation begins, when prirnary yield is so 1ow that
the pattern of feed availability is scarcely changed (Taylor
et a1. I9?6b). Therefore all oats is assumed to be harvested
only onee. Utilization by grazing eows Ls assumed to fal1

3 See section E.+.
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fron 85 pereent in early August to 60 percent in nid-October.

Crude protein levels were taken frorn data of Taylor
et al. (I9?6b) while ME contents were infened fron N.A.S.
(l97a) supplernented by data of Eagles et a1. (tglg). The

nutritive values shonn in figure 8.2 for grazed. oats are
higher than those sr:ggested by sone unpublished analyses.
However, the latter often refer to whole plant alalyses (e.g.
Eagles et al. 1979) whereas a fair degree of selective grazing
(presr:nably resulting in higher quality intale) is imptied by
the utilization quotients given above.

Earlier maturing eereals for silage may be required as
part of certain rotations. q 

Karamu wheat was used as a
representative, although more speeialized early-maturlng
forage cereals may becone available in tine. using yield data
from Taylor et a1. (tgzjn) ana discor:nting by 28.5 pereent as
for oats, a silage yield of 7.9/+ t ha-l was assr:med. ME and

cP contents were assumed to be identical to those of oats.

8.7 WINTER CEREAL-RYEGRASS MIXTURE

For grazing purposes, a mixture of rapidly-growirg
eereal and an aru:ual ryegrass (Lolfun multi$Innum) which
establishes more s1ow1y but remains vegetative longer nright
combine the best features of both (Taylor et al. I979e).

No growth data for such a rrixture were available so a

growbh pattern was synthesized fron data of Taylor et a1.
(lrzou1. For periods 01 through 04 nixture growbh rate was

asswred to be the mean of oats and rama growth rates. rt was

u An example is given in section 8.2.
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assured that a first grazing woulcl be conplete by then to
al1ow good ryegrass growthr/regrowth. In periods 05 through
08 nixture grorrbh was assured to be represented by Tana

grorbh. A three-perlod noving average of these grow'th rates
was used as the final moothed grow'th pattern and,75 percent
of the growbh was assumed aval-1ab1e for graziqgs (see table
8.3). Two defoliations by strip grazirg are inplied. ME

content of grazed rM was assumed to be 10.5 li[.r kg-l tbroughout
with a CP esrtent falting fron 1? percent in periods 01 through
O), to 15 pereent in periods 0/+ ancl 05, to 1/r pereent in
peri.oils 06 throWh 09.

Tab'le 8.3 Cereal/Tana: assrmed pattern of growth and DI
availability for grazing (te h"-t )

Period Oats
growbh

Tama
growlh/

regrorth

il[oving
average

(MA)

Utilizable
itr

(o.75 MA)

Mean

01

02

o3

o4

o5

06

w
08

09

600

600

600

600

600

600

,30
/+60

160

780

8ro

920

1050

600

600

,30

160

1160

780

8ro

920

820

670

580

560

480

46A

580

610

690

620

500

110

120

360

315

950

1100

\2ro
1500

all
first

grazirrgs

complete

The reasoning

Chapter 7.

is similar to that for pasture growth in
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8.8 TURNIPS (Bnauina naW)

.{lthough not considered to have a permanent place in
dairying systems where pasture silage can be mad.e ( Jr:rlina
1978), trrnips were included because of their high quality
(4.n. C. lq76) and because they are relatively sinple and

cheap to grow (n.4. Brown, personal comnr:nication).

Or the basis of a few yield estirnates made on Northland
turnip crops (Taylor et a1. 1976a, IgTZb, I979e), a utilizable
Dlt{ estimate of 1.., t ha-l was assu.med to be available by
period 13 (1ate December). This was assuned. available for
grazing between periods 13 antl 19 with no change in yie1d.
[,IE content of grazed DM was assuned to rise linearly from
11.8 MJ kg-r in period 13 to 13.0 MJ kg-r in period 19 as the
top,/root ratio decreased (tt..A,.S. I97I; A.R.C. 1976). Crude

protei.n content was assumed constant at I0 percent (Taylor
et a1. I976a, I977b, I979e).

8.9 RED CLOVER (Tni|olfun p,Lortey^e)

In the eontext of dairy forage systens, red clover has

been considered as a 1ey legr:me adapted to a wider range of
soils than lucerne (Taylor and Hughes 19?6). However, being
relatively deep-rooted and drought-resistant it nay have

other roles in areas with dry sunrners.

Based on yield measurements made in Northtand (Taylor
et a1. I976a, I977b, 1-979c) ana at Palmerston North (Anderson

1973), grow-fh rates assuned for a three year stand of a

diploid cultivar such as Turoa are shown in ftgr:re 8.J. The

lower yields assumed for year 3 reflect declining vigour of
the stand (Fergus and Ho11owe11 1960; Taylor et al. L977b).
Forage produeed in Oetober of year I is assumed to be volunteer
white clover (Taylor et a1. I977b) and the discontinuity of
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the lines in figrre 8.1 indicates a hiatus in forage pro-
duetion during late october and early Novenber. utilization
of growbh was assumed to be 90 percent.

Nutritive value assrrmptions in figure 8.3 reflect an

assumed pattern of rotational grazing which produces forage
of varying naturity and nutritive value (ll.R.S. 19?1;

Taylor et al. 1976a, I977b).

It was assumed that surplus recl elover could be con-
served as hay in January or Febnrary after shuttirrg paddocks

up for six weeks. Hay yields assuned were 3.2J t ha-l 9116

2.35 t ha-r in January and February respectively assuming

total IM losses of 19 pereent between harvest and intake.
Hay quality was assr:med to be relatively high at 9.5 MJ kg-t
and 15 percent cP (11..0,.5. 1921).

8.10 SUBTERRANEAN CLOVER (Tni{olhtn dubtwtanetm)

Itllidely used as a forage legr:me in Australia both in
leys and in more permanent pastures, subterranean clover is
adapted and useful in sone pastoral situations in New

Zealand (l,erry 1970). As a dairy forage, it has been seen

nainly as a naturally regenerating cool season legume in
association rrrith Sudax (Taylor et a1. I976a; Jurlina 1978).

Paddock yields are inferred from data of Jurlina
Q%g) ana Taylor et a1. (t9Z9a, lrgTgb). Three patterns of
grazing were specified:

(a)

(b)

grazing in period 0? (yield of 3 t h.-t )

again in period 10 (3 t ha-r );

grazing in period 0S (+ t ha-l ) ana again
period 10 (f t ha-r );

and

1n
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(c) grazing in period 09 (1.5 t ha-r) with no fi:rther
grazilg.

At assrmed utilizations in the for:r periods of 90
pereent, 80 percent, 70 percent (first grazings) and 85

percent (second grazings) a total of 4.82 t ha-l of
utilizable D,I is produced from a paddock yield af 5.12 t ha-l

Metabolizable energy content was assumed. to be lower
tharr the data of Taylor et a1. (tgZZa) suggested because it
is 1ike1y that an earlier maturirrg cultivar than woogenellup
will regenerate more reliably (Taylor et a1. I977a). Crude

protein content is sinilarly discounted from data of Taylor
et a1. (tgZZa). Table 8./, shows assumed yields and nutritive
value.

Table 8.4 Subterranean clover: assuned pattern of forage
availability and nutritive value

Period
Utilizable

DM
(kg ha-t )

ME in grazed
DN/I

(MJ ks-t )

CP in grazed
nI
(%)

07

08

09

10

1o4o

]-.210

1220

r32O

10.0

10.2

10.0

10.2

20

20

20

av

8.I1 NON.REGENERATING I.IINTER LEGUME

Non-regenerating but higher yielding arurual legumes

may also have a role in dairy feedirrg systems (Taylor and

Hughes 1976). Exanples which have bhown some field prcrnise

are burr rnedie (Medica4o polqmonptta) ana serradella
(thnithoW ta0ivut). Without specifying any partieular
species or cultivar the assumptions shown in table 8.5 were

made. These inply a total yield of 10 t ha-l in one eut
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(Taylor et a1. I979b, A979c). The quality assunptlons
refleet the fact that these legumes nature rapidly when veg-
etative growbh is completed (Taylor et a1. I979a). Fieltt
experience has shown that the utilization assumetl here is
probably too optinistic (see Taylor et al. I979a).

Table 8.5 Non-regenerating winter legune: assumed pattern
of forage yie1d, utilization and nutriti-ve value

Standing Grazing
D,t utilizationrerloo (rell h.) (%)

Utilizabl€ rrn .r

;;2;;;- ffi"tur' "(?)*

Total

2800

3300

3900

ha-r loooo

07

08

09

0.85

0.80

o.75

23BO

2610

2925

7915

9.1

9.r
9.1

0.16

0.16

0.16

8.L2 PERENNIAL SUMMER GROWING GRASS

A perennial surnmer forage could combine the advantages

of greenfeed maize and sorghr,m in providing feed in sr:rnmer and

early autumn with the simplicity and low cost of conventional
pastr:re. Pa,.spaLun di.Laf.a.fun did fu1fi1 such a role in
Northland as a nonnal ecrnponent of pastr:res. Its recent
disappearance fron many Northland pastures (Percival 1977) is
a matter of some concern (n.4. Brown, personal commr:nieation;

Taylor et a1. I979a) ana there has been some effort to find a

replacement (Taylor et al. I976e, I9?6d., t976e). AJ-though a

forage of this type has not yet been proven under grazing, a
tetraploid forn of Henantnirt, o.Wbtina has shown that the

environment is capable of sustaining such a forage. It was

decided to earry out some preliminary nodellirrg with sueh a
hypothetical forage.
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Unpublished data of L.J. Davies from a three year
experiment was used to eonstruct a growth eurve. For the
warm season between December 16 and April 20, growth rate
was asslmed as the mean of three years data. For the rest
of the year' when the sward was composed largely of lernperate
grasses such as Poa spp., experimental grow-bh rates were
adjusted by ealibrating then with asstrmed ryegrass-clover
growbh rates. This was done by comparing ryegrass-clover
rates from the experiment and fron the final assurnptions of
chapter 7 and whenever experimental growbh rates were higher
than assumed growbh rates, the ratio of the latter to the
forrer was used. to adjust H. atLi-t,sina growth rates. The
final pattern assumed. is shown in figure g.{. It was assuned
that 80 percent of growth would be available for grazing
throughout the year. llftrile this is 10 percent lower than the
utilization assumed for ryegrass-eIover, it is by no means
clear that f,. a,(tudina could be grazed in any conventional
sense (Tay1or, personal conmr:ni.cation).

Metabolizable energy content was assumed. to be a
constant 10.5 MJ kg-I throughout the surmrer period December
16 to April 20. The only known estinate of d:igestibility,
71./r pereent, was art in vilno measurernent from a single
harvest (Taylor et a1. I976e). Dring the cool season,
rnetabolizable energy was assumed to be the same as ryegrass-
clover. crude protein in the warrn period was calculated by
taling the ratio of H. a,Lti,t,sina crude protein content in
March (Taylor et al. a976e) to ryegrass-clover crude protein
at the same time and applying this to ryegrass-clover crud.e
protein content throughout the period.' The ratio used was

0.675. In the cool season a ratio of O.g4 was assumed.

arbitrarily. Nutritive value assumptions are shown in
figure 8.d
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The experiments fron which these data were drann were

conducted on well-drainecl sltes whieh were fertilized with
200 kg N per ha each sumer. Any conparison with ryegrass-
clover pasture would need to recognize the extra nitrogen as

a factor in the environment.

8.13 SUif''IARY

The chapter began by distinguishing between crops with
perceived roles in feeding systems and those with no obvious
role but high potential yield. In specifying these crops as

model components, however, no such ttistinction was made

beeause it was one of the pr:rposes of this study to investig-
ate possible roles of the latter tlpe of crop. It was then
pointed out that assumed crop management was constrained in
certain respects to pemit double cropping and to ensure

efficient hawesting and storage of conserved feed. Detailed
assumptions regardirg various crops malre up the buJ-k of the
ehapter.



CHAPTER NINE

THE DAIRY SYSTEM MODEL

9.1 INTRODUCTION

Chapter five deal-t with the choiee of research progran

and the generaf attitude taken toward the production system.

The next three chapters outlined the relationships assr:med to
describe the operation of the system. This chapter is in-
tended to describe how the whole system was represented as a

mathenatical model.

9.2 TYPE OF MODEL

System management (control)nay be defined as those

operations necessary to make a system work and presupposes the
exi-stence of a particular system. Proposing new forrns of
systen organization is the preserve of system design (planning).
It is axiomatic that the two functions interact. Comparisons

between system designs, the essence of this study, must take

account of management, either by qualifying the performance of
each system with a statement of the nanagement to which it was

subjectetl or by ensuring that management of each system reaches

some specified standard.

One such standartl is rroptimal'r, meaning that management,

as well as system design, is such that a statetl objective is
at a marcimun value. Linear progrenming models are optimizlng
in th:is sense. Heuristlc models carl be manipulated so that an

objective function approaches (tnoqn in a complex model

probably never reaches ) an optinr:n, but with a large number of
control points, as in a dairying system, approaching an optimpn

could be quite eumbersome. Furtherrnore, there will usually be
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no means of ensuring that an optimun has been reached.

Thus, the najor benefit seen in using a linear pro-
grernmi-ng nodel is that comparisons between systens are not
confor:nded with differences in systern managenent. The najor
drawback is likely to be the lack of flexibility in altering
relationships within the model as the study progresses.

9.3 MODEL STRUCTURE

The crux of the problem is to find the optinurn com-

bination of lactation patterrrs, feed produetion technologies,
and feeding plans for a given objective function, set of
eonstraints and set of assr:mptions. Feed production may vary
in the following characteristics:

(a) tining of land oceupation;
(b ) timing, yield and quality of forage available

for grazing or eonservation;
(c) cost of growing, storage anil feeding.

ltilk production may vary in te:ms of :

(a) tining of start of lactation (calving);
(O) tining of end of lactation (drying off);
(c) 1eve1 of nilk produetion within lactation.

The interaction of these variables in the production
of output is eonsidered to comprise a sufficient nodel for the
purpose given above. Renaining sections of this chapter deal
with the objective fi:nction and various sections of the model.

One remaining feature cormon to nost parts of the model

is the size of the tiroe periods whieh conprise the production
cycle discussed in Chapter five. As in rnost modelling studies
the decision about the length of individual time periods is
somewhat arbitrary, usually a compromise between simplieity
and speed of computation on the one hand, and reality and
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flexibtlity on the other. l{hereas with crop and pasture
growth models, 2/r hour periocls are a natural expression of the
fact that photosynthesis begins anew each norning, rrninant
animals, inherently and in the way they are nanaged., smooth

out daily fluctuations in feed produetion. Thus, unless daily
feeding management is r:nder close stutly there seems every
reason for using longer time periods in feeding models.

In a plaruring nodel, the length of tine periods,
between which are located decision points, ought to relate to
the tining of decision points in real-life planning of similar
systens. Feed budgeting is cormonly done on a monthly basis
(Bel1 I976a; Hutton and Bryant 1976; M.A.F. 1976; Johnstone

et a1. 1977). Where only pasture is involved and growth rates
ancl forage quality form a continuous pattern through the year,
such a 1eve1 of resolution is probably adequate for both pre-
dictive and interpretative purposes, providing pasture
defoliation managenent is not at issue (poltard 1972; McRae

1976). However, shorter periods seem necessary to adequately
specify the discontj.nuous availability and rapidly changing
quality of some forage crops. The final choice was to specify
a year as 26 periods each of 14 days. Because lactation was

generally expected to begin in late winter-early spring, a

nodel year was assumed to start on July 1. The periods and

their startirg dates are listed in Appendix A.

fn a single year modeI, the real-life process of carry-
ing stored feed over from one production cycle to the next
must be simulated by perrnitting stored forage to be fed out in
the nodel before it is produced in calendar te:sns. Such an

artifice assumes that forage fed before produetion has been

produced in the previous cycle and that an equivalent quantity
is earried over into the next production cyc1e.
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In the following sections, crop and pastrre yields
refer in all eases to utilizable ttry matter. Utilization of
forage is specified in such a way that the losses assoeiated

with grazing or conservation can be regartled as fixed, so that
degree of utilization does not enter the noclel as a variable.
The values given in the tables are not necessarily those

actually used in the nodel though they are of the correct
order of rnagnitude.

9.3.1 PASTURE PRODUCTION AND UTILIZATION

A schenatic outline of the pasture portion of the matrix
is shown in figr:re 9.1. Pastr:re production (pSpn,) is
specified as 26 separate activities for two reasons. The

first is that, for sone purposes, pasture area may not be

constant, pasture being taken out of production to plant other
crops and coming back into production as new pasture develops.

The second reason is to enable pasture savirg to be linited
to one time period.

Land rows (LAND) eonstrain area of pasture, crop and

fa1low to be less than a speeified area (fO na in this case).

PLAB rows constrain the area of saved pasture to be no more

than the area of pasture already present. To make a com-

pletely general pasture saving scheme able to handle changing

pasture area requires the PLBB rows which constrain the area

of pasture in period t to be at least as great as the area

saved frorn period t-1.1 In circumstanees where pastr:re and

crop are not per"mittecl to rotate, the no:mal assumption in
this study, an extra set of rows (PI"Al'lD) eonstrain pasture

area in all periods to be equal.

A scheme suggested by A.F. McRae to prevent saved pasture

being ploughed.
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Pasture dry natter rows (PSD[,I) constraj,n the
util-ization of pasture produced by the PSPR activities for
saving (pSW), grazing (pSnC) or pasture silage production
( P-qOP). The PSGDvI row constrains the total quantity of
pasture silage fed out in various periods (pSGfC) to be not
greater tharr the total produced by the PSGP activities.

Pasture grazing (pSfC) activities transfer pasture
dry natter, with its tine-specific eontents of metabolizable
energy and crude protein, to the cow feeding rows that are
conmon to all feeds. Pasture silage feeding activities
(pSCfG) tralsfer silage dry matter, with its constant
nutritive value, to each of the 26 time periods.

Pasture nitrogen activities (pSlt) add to the supply of
pasture in the PSDIvI rows, thus assr:ming that the utilizable
pasture so produced is identical in quality with pasture pro-
duced in the normal way (PSPR). The pastirre area fertilized
with nitrogen is limited to the amount of pasture present at
that tine by PSNLIvI rows. To be conpletely general, these
area constraints would need to be extended to as many periods
as the nitrogen response is spread over.

The objeetive function
how costs are divided between

and feeding out. Thls a1lows

incuming feeding out costs.

normally employed, IUARGIN, shows

pasture growbh, conservation,
silage to be carried over without

9.3.2 CROP PRODUCTION AND UTILIZATION

CYops wer'e dealt with in one of three ways. Those

that are norrnally repeatedly grazed, such as red clover or
Sudax, are represented as single activities with veetors of
dry matter production. An example in figure 9.2 is CAPR which

does not occupy land or produce dry matter (in the CADM rows)
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over the fu11 year. Crops where grazing is destructive, such

as greenfeed maize, are represented by as many activities as

there are possible grazing tines. Thus in figure 9.2, CBPR

represents the same crop occupying larrd r:nti1 grazing, later
grazings resulting in higher yields (in tne CBDM rows). Crop
grazing activities (CAIG and CBFG) are specified ln a manner

analagous to pasture feeding. The third type is a silage crop
(e.g. CCSGPR in figr:re 9.2), where production (CCSOpn in
figure 9.2) is represented by a vector of land use and a single
final yield (in row ccsGDM), and where feeding out is specified
iilentically with pasture silage

A11 costs of grazing crops are allocatecl to the prod.uct-
ion activfty (in row MARGIN) while costs of silage crops are
divided in the seme manner as for pasture silage.

9.3.3 PURCHASED CONCENTRATES

Meatmeal or coplete neal were specified sinply, as

shown in figure 9.3. The purchasing activity (COt'lgUy) was

specified in kg of concentrate supplying dry natter to a

specifie row (CONIIVI) at a given cost per ke ($0.15 in the
exanple). Concentrate feeding (CONFG) was specified in the
same manner as was silage feeding except that no eost is
assumed.

9.3.4 MILK PRODUCTION

Variations in pattern of system milk production were

facilitated by specifying, for each of three calving dates,
12 laetation patterns2 as separate aetivities (see figure 9./r),

Specified in Chapter 6.
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each representing a notional cow. The three calving dates were

July 1, August 1 and April 1.3 In addition, to per:mit higher
than rrstandardrr nilk production and nicl-1ate lactation increases
in production in above average contlitions, a number of
activities (Xrnn ) were defined vshich were not intended to re-
present a cow, but the requirenents of one cow for a specified
increase in nilkfat production. The size of the increase was

linited aeeording to the stage of lactation (see figure 6.2)
and the linit to activity ()A[F) 1eve1 was the number of cows

in the aver€e-sbason plan.

Specifying each lactation pattern (implyrng an associat-
ed liveweight pattern) as a separate vector of feed require-
ments satisfies the requirement of Chapter 6 to have a mechanisrn

which ensures lost bodyweight is regdined followirrg |tunder-

feedingff. It also enables the specifieation of shortened

lactations, eaeh with a different pattern of liveweight change

in the early part of the dry period.

Eaeh notional cow has a set of netabolizable energy

requirements which must be met in the COWIIIE rows. This

establishes unequivocally the prime role of energy in deterrnin-
ing vol:ntary intake. If both energy and protein are specified
only as ninimrm requirements then either could detennine

volurtary intake by causing an increase in dry matter intake
(and an excess intake of the other) when present in a feed at
1ow eoncentrations. An increase in dry matter intake (and

possibly feeding an rtexcess'r of energy) resulting from 1ow

protein concentrations, a possible solution in such a scheme,

would be eontrary to the generally aceepted notion that 1ow

feed protein actually depresses intake.

3 With calving distributions as in Chapter 6.
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Mininun erude protein requirenents of each notional eow

are speeified in the COWCP rows as lcg crude protein. gimilsr.ly,
volrrntary inta-ke li:nits are specified in COVfIM rows to ensure

that energy and protein requlrenents are net urithin the limits
of cow appetite. Total milkfat produetion of each notional
cow was specified in the MILIS'AT row from which a selling
activity ( Snf,Ur,f') se1ls roilkfat by contributing the only
positive value to the objeetive function (UmCfU).

9.3,5 o&)ECTryE FUI{CTr0N

Total gross margin, the fi:nction normally to be

naximized, is defined as gross return fron nilkfat sales less
all variable feed costs. The latter ineluded all expenses

directly attributable to feed productionq but exeluded such

infrastructure expenses as are not norrally attributed to
particular areas or practiees. Examples of such overheads

are fencing, water supply, repairs and nalntenance of plant
and equipnent, labour, rates and electricity. The model

incorporates no eonstraints on capital or labour supply so

that most operations additional to those on conventional all-
grass fa:ms were assumed to be contracted out, and are costed
on this basis. Storage and feeding out of silage eannot be

costed in this way so were dealt with by including depreciat-
isr and interest on additional capital as part of the variable
cost of silage at the point of feeding out.

9.3.6 MISCELLANEOJS ROI.IS

For a variety of purposes, output interpretation and

parametrie analysis among them, a nunber of rows with no time
dimension were defined. These were nornally non-computational
rows.

u Detailed in Appendix B.
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Total maize (IUAIZE) ana total winter cereal (Cm) rows

calculated the total area of these respective forages. Four

cash flon (CAS{) rows agg"egated the cash requlrements of the
forage production progran for eaeh of four seasons. A
capital row (CAPITAL) aggregated the total capital requirements
of the plan and ealving time rows (APCoWS, JyCOlflS, AUCCffS)

aggregated all cows calving in each of April, July and August.
Total cows (C0WS) and total silage area (SIt) aggregated their
respective activities.



PART III

RESULTS OF MODELLING



CHAPTER TEN

MODEL EVALUATION

10.1 INTRODUCTION

This chapter is concerned with model behaviour under
a variety of conditions. Chapters 6 through 9 dealt with
the relationships assumed for the model and can be seen as

arralagous to the proeess of verification. Evaluation of
whol-e-mode1 behaviour, as considered here, is analagous to
the process of validation. l

Model development involved a good deal of inter-
disciplinary consultation but initially was largely a one way
process of obtaining inforrnation from specialists to use in
model construction. Nevertheless, the model was nrn many

times during this process as a means of preliminary validation.
Most of the checks at this stage were merely to see if per-
forrnance parameters were rational and that model logic was as
intended. ltJhen these criteria were met basic model develop-
ment was eonsidered complete.

EValuation, although in practice a continuous process,
is discussed here in two stages. The first deals with the
presentation of some early results for Northland to a panel
of experts, Here, emphasis was placed on evaluating model
behaviour in near-lirnit situations. The second stese denrs

Verification and

Chapter 4.

validation Frocesses are discussed in
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with later testing and evaluation, some of it in eonjunction
with extension and research persorurel in Northland and

Manawatu and at Ruakura.

LA.2 VALIDATION PROCEDURES

Validity of the rnodel was pre-defined as acceptance of
the mode] for its defined purpose. That is, providirrg the
rnodel appeared to represent reality (in a logieal sense) in
those aspects under study, the model was considered valid if
it produced output aeceptable to experienced observers.
However, system behaviour consists of more than the value of
the objective firnction, particularly since gross margin (the
objective fi:nction norrrally employed here ) is neither an

absolute qualtity, nor is it as farniliar a measure to
biological scientists as more physical ones like dry matter
yield and nilkfat production. Thus, validation was taken to
inelude many aspects of a solution:- feed production ecrn-

binations, dry matter production, feed surpluses, potential
feed deficitsr2 feeding patterns, stocking rates, calving
patterns, lactation patterns and cash and eapital requirenents.
rn this respect, the model used here differed considerably
from those of pollard ( Ig72) and McRae (ir976) where the
majority of activities described a grazirg sequenee which was

frequently arbitrary3 and was conceded to be difficult to
interpret in practical terms.

Ullth a variety of criteria available for validation
and in view of the difficulties in establishing a rational

' The model does not pemit real feed deficits but meal feed-
ing and feed row shadow prices indicate vrhere within-system
feed is most expensive.

3 Ta "l f'noor n'^dl.--,-ramming terms, there was no r:rrique solution.
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signifieance 1evel for statistical eomparisons (Grieg 1979)
it was decided to concentrate on subjective validation by
indepenclent experts. Ivtuch of the reviewing and validation
involved only one consultant at a time but on one oecasion
before the rnain experimental program began, the model and

its output were presented to a meeting at which all the main
consultants were present. This occasion is described in sorne

detail to illustrate the validation-reviewing process and to
provide some independent evidence of model validity.

10.3 EARLY RESULTS FROM NORTHLAND MODEL

Panel members were given arr up to date sunmary of pro-
gress in advance of the meeting. This document also proposed
three mai.n areas'for discussion: nodel validity, system
stability and component value. These are considered separately
be1ow. The panel conprised seven people, a combining expertise
in crop and grassland agroncmy, dairy cow nutrition and

management, process aIld system nodellirg, economics and farm
management. .&11 had been in some contaet with the study from
its early stages.

10.3.1 BASIC MODEL

With only the basic set of constraintss operating, the
optimal feeding plan (figure 10.1) was quite complex and some

associated feed production activities were in novel combinat-
ions.

Identified in Appendix C.

Described in Chapter 9.
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However, it illustrated what was to become a conmon pattern.
considering ryegrass-clover pasture as the basic forage souree,
the gross pattern of feed supply was altered to the feed
demand pattern of high-producing cows by three neans; by
application of nitrogen to pasture whenever possible (August-
september and April-May), by the growing of greenfeed erops
whenever possible (August-November, January-May) ana by the
use of maize silage to fill rernaining gaps.

Some details of farm organization are listed in the
last column of table 10.1 where it can be seen that half the
farrn area was devoted to croppirg, a situation unlikely to be
eneoi:ntered in cr:rrent practiee. Feed conservation, while
substantially greater than average practice, nevertheless
represented less than 20 percent of total feed utilized.

i0.3.2 CONSTRAINED CROPPING LEVELS

I,: order for validation to proceed from more famiriar
starting points a series of plans begir:ning from all-grass
systems and progressing through increasing 1eve1s of eropping
were examined. rn addition to the basic constraints, each
plan was constrained to have a certain minimum area of eon-
ventional pasture but was otherwise wrrestrieted.

Table 10.1 shows that the main effeets of perrnitting
inereased cropping were inereases in total forage yield,
stocking rate, total milkfat produetion and gross margin, and
a replacement of pasture silage by crop silage. None of these
plans suggested model rejection though the all-grass plan had
higher-producing cows than Northrand averages (trt.z.n.e. rgrg),
indicating that, to represent an average existing Northland
fann, the model would need to be constrained still further.



Table 10.1 The effect of cropping leve1
and performance (:O na)

Maximum crop area (% ot farm) 0 IU

723

on system strueture

1< cnl

Summer GF

Winter GF

Pasture silage
Crop silage
Dl grown per ha

Cows nilked
Milkfat per ha

Gross rnargin per ha

(na;
(ira)
(t) 7e

(t )

(t ) u.6
(tro. ) 130

(te) 1r4
($) 5r/+

,t)
^Aa6

293
52 69

72.5 r3.3
I37 I/r4

4/,2 460
46A <Qn/// /vv

III IT

L5 25

4L

92 L2T

11.7 15.9

156 l65
500 ,30
606 62r

' Optimum cropping 1evel

10.3.3 C0\'IPARISON l,lITH REAL FARMS

Since the opportr:nity to evaluate the model before a
panel of experts was 1ike1y to occur only once, the scope of
evaluation was wi.dened by attempting to have the model generate
optimal plans for three of the real fa::ns monitored and

deseribed by Taylor et al. (tgZgc). While the model was

never intended to be used in this mode, it was considered that
there could be value in having the model represent something
nore tangible than a tfrepresentativeil Northland farm.

The model was constrained to per:nit only those crops
already grown successfully on each farm and allowance was mad.e

for replacements and non-dairy stock run. Apart from lirniting
calving to July and August no other nodifications were made to
the node1. A najor difficult,y in eomparing model predictions
with real farm perforrnance is in assigning a relative value
to pasture on the various soil-topographic associations of a

heterogeneous farm. The least heterogeneous, and the only one

where most of the pasture was of the type assumed in the model,

was the Brown farrR so this farrn was compared in more de-l,ail
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with the nodel-.

A swrmary of all farms is given in table 10.2 where all
entries refer to a 50 effective ha farm to facilitate com-
pari,sons between farrns as well as within farrns. rn the
Jurlina and M11ieh systems the model grew more crop and eon-
served more silage than the farurs and also fed cows better.
rn the Brown system, model and farrn eonserved. equivalent
total silage but different proportions of maize and pasture.
r:n other respects Brown model and farrn were in good agreement
(see figures 10.2 and 10.3).

Table 10.2 comparisonsl of farrn and model plans and performances

BROWN

FARM MODEL

JURL]NA

FARM MODEL

MILICH

FARM MODEL

GF maize (na)

Sudax-sub clover ( fra )

Pasture silage (t )

Maize silage (t )

Cows milked (no. )

Days in nilk
Milkfat per cow (kg)
Milkfat per ha (rg)
Adjusted MF per fr.' (te)

1

38

70

LZO

25r

L63

109

428

2

t4
66

l-33

252

l-r9
/+2/,

23

79

265

l.46

232

2).O

28

z)v
158

332

,r; 6;

8/r ]..20

245 2/r3

r/t8 l56
25O 374

376

I Al-l- eomparisons assume a IO ha farm.
2 See text.

Before any comparisons of farrns and rnodel had been made,

farmers were asked to make a subjective estimate of the value
of pasture (relative to the best pasture in the distriet, as
assumed in the model ) on each soil-topographic association
of their farrn. Two farrners were very precise about this and
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it was possible to derive an overall rating of farm pasture in
relation to rnodel pasture. The third farm was given the same

rating as the farm most like it topographically. Correcting
milkfat per ha production using these ratings gave the estimate
given in the last line of table 10.2. These adjusted estimates
appeared to add to the evidence for model acceptaaee.

10.3.4 HIGH MILKFAT PRODUCTION

The consequences of increasing milkfat production beyond

arr optirnal level are outlined in table IO.3. These plans were
generated by specifyirg a minimum 1eve1 of milkfat production
and then maximizing gross margin. An apparent maximum eropp-
ing 1eve1 of 60 percent corresponded with the simultaneous
operation of quality constraints in several periods of the
year. Beyond this level of milkfat production, energy supple-
ments were necessary artd gross margin fe11 sharply.

Table 10.3 The structure and perforrnance of higher producing
systems (:O fra;

Milkfat (t<g tra-t ; 600 6381530

Crop area (% ot farm)
Summer GF

lVinter GF

Pasture silage
n-^- ^.i 1 ^-^va vP DrroSg

D[ grovm per ha

Cows milked
Gross margin per ha

5A 
'6T5 T4

2' 27

10

121 168

15.9 \7.r
165 r73
621 6l-9

61 60

]-,22
30 22

20 24

237 399

18. /t I9.3
1 4atxh tvxL /v

6t3 57r

(rta)
(ha )

\r./
(t )

(t)
l'tr 

", 
)

($)

' [{aximum milkfat production from a self-contained system.
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At the maximum production 1evel shown in table IO,3,
protein density of the diet was liniting at all times except
during May and June. This 1s a consequence of high 1eve1s
of low-protein crop silage.

None of these results indicated the model should be
rejected.

10.3.5 LOt^l MILIGAT PRICES

with decreasing milkfat priee, the model exhibited the
insensitivity around the optimum charaeteristie of bio-econonie
systems (Jardine 1975). For instance, despite a 25 pereent
dec::ease in nilkfat price, the savlrgs frorn reorganization of
the farm plan amounted to less than 2 percent of the gross
nargin (see table 10.{), whereas with a 50 pereent decrease
in milkfat price, savings amor:nted to 23 percent of gross
margin.

Table 10.4 Effects of lower milkfat price on systen
perforrnance

Milkfat price ( $ kg-t )

1.60 r.20 0.80 0.40

Pasture silage (kg 
"ow-t;

Crop silage (kg 
"o"-t )

Cows milked (no. )

Milkfat (ke ha-t )

Gross margin ( $ rra-t I
Gross margin without
re-optimization ($ na-t ;

0

732

L65

530

627

ozI

0

1BO

I'3
/r9/r

1l.6

409

62 r33

960
t28 Lr1

413 367

213 86

197 -r5
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The other effects or tower nilkfat price, less conserv-
ation (particularly of crop) and a generally less intensive
operation, were in aceord with previous analyses (e.g. stephen
et a1. 1971).

10.3.6 PANEL REACTION

There was general agreernent amongst the panel with the
overall pattern of model assurnptions and behaviour although
it was recognized that, in the lirnited time available, there
was no possibility of naking nany details of the model trans-
parent to panel members. some specific reactions were as
follows:

(a) The panel showed some surprise at the consistent
role of grazing crops but had no specifie objection
to this aspect of urodel output. Since the role of
grazing erop and the effects of 1evel of conservation
are not well-explored areas, there was little
erperience to d.raw on for validation of these aspects.
This is an almost inevitable situation where the
nodel being used to synthesize alternative systems
produces novel results.

(b) There $ras concern that the assumed ma:cimum level of
milkfat produetion per cow may have been too 1ow to
a11ow maximurr expression of cropping and conservati.on
benefits.

Within undetemined limits, it would be more effieient,
in terrns of feed requirements (see table 6.3), to
increase productivity per cow. However, despite ob-
servations of Friesian cows producing 200 kg MF or
more on all-forage diets (4.U. Bryant, personal
eommnnication; Scott i-976) there were no experimental
bases, comparable to those used in calculating the
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requirements of a ttstandardn eow producing 161 kg MF,

on which to calculate feed conversion efficieney, and

thus feed requirements, of sueh cows.

The general conclusion was that although higher produc-
ing cows might eoneeivably suit forage crop systems
better than the lower produeing cows assumed optimal
for all-grass systems, there was insufficient inforrrat-
ion to justify the routine inclusion of high producing
cows in the plaru:ing mode1.

hformation presented to the panel did not clarify the
possible model relationships between stockirg ra-ue,
feed availability patterns and forage yield.

This aspect of the early model results may have actually
reduced the credibility of the model in the eyes of the
paneI. It was to al extent unavoidable in that when

many aspects of an optimal system change simultaneously
with a change in one or more constraints, there is no
sirnple cause and effect relationship which can be r:n-
anbiguously identified. The only clear effect was that,
onee milkfat per cow reached the specified maxirnum,

feed supply and stocking rate increased together.

The conelusi.on dravvn frorn this section of the discuss-
ion was that there was a need for a detailed explanat-
ion of the interaetion between stocking rate and system
structures as it affected optimal farm plans.

The panel raised the possibility that the forage supply
options included in iire model would predetermine the
kinds of systerns the model could predict as useful.
In particular, the brobd pattern of feed deficiency on

Northland dairy farms, long knovynr il&I have resulted in
a biased selection of forages for field study and for
model construction.

(o)



r29
The argument applies more to the selection of forage
sources for field research than to the alternatives
specified in the rnodel. These latter, within the
very broad limits of data availabltity, were not re-
strieted in any consci.ous way. In fact, the range
of alternatives was deliberately exparrded by including
crops whieh were being actively diseouraged (e.g.
turnips) ana by including alternative end uses (".g.
grazing of oats, a crop seen mainly as a silage sor:rce ).

10.4 LATER RESULTS !{ITH NORTHLAND, RUAKURA AND MANAWATU

V ERSIONS

These later evaluations were canied out over a period
of some months. The process was iterative, evaluation nornally
being fol-lowed by some erperimentation. The results of such
erperiments were often used in evaluating the model for
particular ro1es, though the experiments did not neeessarily
have that purpose.

10.4.1 FURTHER EVALUATION OF NORTHLAND VERSION

A synopsis of the foregoing results, together with
some later results, were presented to meeti:rgs of advisory
and research people at lMhangarei and advisory people and

farmers at Kaitaia. The main additionar result was a plan
representing an all-grass, no-nitrogen, 1ow eonservation
system, a system eorrnonly found in practice. This plan was

taken from a seri.es where conservation was parametrieally
constrained and represents a point where further reduction
in conservation would result in a combination of past,ure
surpluses and neal feeding. Some details of this plan are:
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Silage fed cow

Meal- fed per cow

Stockirg rate
Lactation length
Milkfat per cow

Gross margin per ha

(te )

\Kg/
( cows per ha )

( oays )

(toe )

($)

o/
z.) J

'l 04
L //

rz6
)44

The main feature of this plan that causeo conmenr was

the stockirrg rate. Average Northland stocking rate over the
period 1973-74 to 7976-?7 was only 1.28 cows per effeetive
ha. This was ascribed to the general heterogeneity of
Northland pastures, many of them on poorly drained soils or
on light sandy soi1s, whereas the model assumes homogeneous
pastures.

In other respeets, the model conformed with the per_
ceptions of the observers. rn addition, neither lactation
length nor plane of nutriti.on nor nilkfat per cow reaehed
their minimurn values under fairly severe constraints and it
was concl-uded that no arbitrary lirnits were 1ike1y to limit
the adaptability of the model system.

10.4.2 EVALUATION OF A RUAKURA VERSION

Results of modelling were discussed with a sra11 group
of Ruakura da'i.ry nutrition research people. ln addition to
the foregoing results another dimension rvas added to the
evaluation by including a plan for an all-grass, no-nitrogen
system based on Ruakura pasture growbh data. These tatter
were taken from unpublished data of A. ltfright and are sholqn
in figure 10./*' Nutritive varue assumpt,ions were unchanged from
those used in the Northland nrodel. with calving limi-r,ed to
.Tiil;- a::d August the resulting plan had the folrowing fea,uures:
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Forage grov,,n per ha ( t ) 15 .4.

Silage fed per cow (tg) 2gO

Stocking rate (cows per ha) l.l
Lactation length (aays) ZOA

Milkfat per cow (te) 160

Milkfat per ha (kg) 561

Gross margin per ha (g) Sl+

Milkfat production per ha eorresponds well with observ-
ations made over the past ten years at Ruakura (Hutton and

Bryaat 1976; Campbell et al. L97T), but is achieved at a

lower stocking rate and higher production per cow. To achieve
this higher production, 80 percent of the silage is fed in
late lactation, whereas the systems described by Hutton and
Bryant (tgZO) and Campbell et a1. (IgZ7), and commereial
systems, tend to feed conserved feed in winter to increase cow

body conditlon. ?he difference was concluded to be due to the
wilted silage in the model being of high enough quality to be
fed as pari of a production diet and thus to prevent large
losses in cow body condition durirg sunmer and autr:rnn.

10.4.3 EVALUATION OF A MANAI,IATU VERSION

Using 1ocal pasture growbh rates, B.J. Ridler (personal
consnunieation) has found that the model predieted nnilkfat pro-
duetion of two fa:ms closely enough to warrant using the nodel
as a basis for prelirninary investigation of alternative calv-
inc +.'*^^rirS urlugD.

10.4.4 UNSOLICITED EVALUATION

rnterest was eryressed in using the nrodel t,o investigate
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the consequences of altering calving timet (R.tr,t. Bryant
and K.L. McMillan, personal eornmunication) ana in using the
model as the production module of a dairy industry model
(K. Ha1l, personal communlcation). Such interest followed
some exposure to model results and was interpreted as

additional evidenee that the model eould be useful.

10.5 SUMMARY

The linear programming nodel was evaluated in two

stages. In the first, a prelirninary set of results was

presented to a panel of experts. These results concentrated
on model behaviour in near-limit situations and on com-

parisons of model irnd real fa::m strueture and produetion.
The second stage was a continuing interaction between model
output and research and extension personnel in Northland
and Manawatu and at Ruakura.

Defining validity as acceptance of the nodel for its
defined purpose, the nodel was judged to be adequate for
its purpose. There were also indications that it raight be

accepted for use for other purposes in other dairying
regions.

"Some prelininary work has been completed and published
(Taylor and l{iller 1979).



CHAPTER 11

EXPER IMENTATI ON

11.1 INTRODUCTION

Having concluded that the model was valid for the
purpose of synthesizing optirnal forage feeding systerrs for a

variety of cireumstanees, the next step was to fulfi1 that
purpose under as many relevant circumstances as possible.

Two types of experiment were conducted. The first was

where specific, agronomic-type questions were raised. This
included such aspects as the effect of cropping 1evel and
conservation 1eve1 on productivity and profitability, the
possible role of a sunner-growing grass, and the sensitivity
of forage systems to variation in forage yield. The second

type sought to test some of the earlier conclusions under
varying clinatic and econornic environments.

Slight modifications to the model mean that com-

parisons between results of this chapter and chapter 10 are
not valid. Modifications to sorne feed produetion costs,
winter cereal yields and quality, and bloat prevention eosts
associated with red clover resulted in the values given in
chapter B and Appendix B.

17.2 EFFECTS OF CROPPING LEVEL

Preliminary experiments had shorvnl that there were

large differences in physical productivity between systems

I See sect,ions 10. 3. ? and 10. j. /,
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with differing eropping level-s though the economic differenees
were somewhat smaller. Since economic circumstances may

change considerably during the course of a medium-1ong term
field researeh program there was interest in estimating the
physical limitations of various classes of forage system. rt
was intended also that benchmarks be developed, against whieh
the productivity and profitability of simplified systems could
be cornpared.

The basic experimental design was a factorial combinat-
ion of cropping Levels and stocking rates. cropping 1eve1 was

either unconstrained (cROpopr) or fixed at either zero (cnopo),
20 percent (CROP 20) or 40 percent (CROP 40) of farrn area.
The unconstrained level was included to give a refererrce
optinal systern at each stockirg rate while the three fixed-
1evel systens were chosen to represent the range of feasible
cropping 1eve1s.

stocking rate, the most importart variable influeneing
milkfat production (canpbel1 et a1. 1977), was used as a means

of manipulating nilkfat production in the model. For each of
the four systems, stocking rate was varied from a 1eve1 below
which fand or forage was unused up to a 1evel where energy
supplement was purchased.

Figure 11.1 shows that increasing cropping 1evel result-
ed in systems that were able to adapt to a wider range of
stocking rates. vilith the initial economic asstunptions, stock-
ing rates above 2.2 cows per hectare would require some eropp-
ing and above ).2 eows per hectare would require more than
20 percent of the farrn area to be devoted to eropping. The

arrows of figure 11.1 indicate where energy supplements were
necessary to sustain fr:rther i-ncreases in production. These
points are almost independent of economic assumptions since
they resulted frorn the operation of quality and quantity con-
straints in the diet. rn that sense they indicate,the upper
lilnit of production from self-contained systems. with higher
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meal cost, stocking rate could be further increased without
meal feeding but only at the expense of nilkfat production per
eow.

Table 11.1 Effects of stocking rate on feed produetion aetivities

Pasture Greenfeed crops
nitrogenl Sumner Winter
,_1(lqgha'1 (na) (r,a)

Crop silags Pasture
Summer Vrtinter Silage
(tra) (r,a) (ha)

Stocking
rate

f . -1 r
\cows na )

2.00
2.20
2.10
2.60
2. B0

2.00
2.20
2' /+o

2.60
2.80
3.20
3.10

0
48

701
118

U

0
I

42
65

I/rg
150

10.0 0
10.0 I.,
10.0 9.8
8.2 7.3
6.1 6.2
3.7 2.r
r.4 3.7

17.2 19.1
18.8 20.0
l-r.2 20.0
I2-8 18.2
8.9 77.5
7 .8 11.9
1.1 tr.1

,.8 0. 6r3.3 r]-.7
23.2 18.0
22.1 22.9
16. /, 2/..I
7.6 18.2

CROPO

cR0P20

00
00
00
1.8 t.7
3.6 3.86.3 7.9
8.6 6.3

cR0P40

o., 0
1.2 0
/'.8 0
7 .2 1.8

11.1 2.5
r2.2 8.1
r5.9 8.6

CROPOPT

00
r,2 0
1..7 0

10.7 0. /r
t6.9 2.9
20.2 10.8

12.O
13.5
17.8
22.3
].8.1

o.4
3.1.

3.6
0
0
0

6.2
3.1
r.7
r.3
0
0
0

4.2
t.7
0
0
0
0

2' /+6

2.60
2.80
3.00
3.20
3./rO
3.60

3
33
57
93

120
r50
150

0
11
79

r43
150
150

z. 1z
2.48
2.80
3.IT
3./r2
3.73

An index of N use on pasture = total N usedr/total pasture area.
N could be applied only at 50 kg ha-l at three times of the year.
Maximun possible is 150 kg ha-r.
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Table L1..2 Effects of stocklng rate on suppternentary feeding

and nilkfat production

Silage
Crop

(ks )
Stocking

rate
, -t(cows h. ')

2.00
2.20
2.10
2.60
2.80

fed per cow Milkfat production
Pasture per eow per ha

(te) (te) (ke )

CROPO

/,25 L5g
13O J.58
520 ]-,58
600 ]-59
115 ].55

cnoP20

2.00
2.20
2-/+o
2.60
2.80
3.00
3.n
3.10

2.16
2.60
2.80
3.OA
3.20
3.10
3.60

19
108
4W
660
955

r?3,e
L118

o
113
316
815

t320
ll6,0

I'
100
L50

98
39
o
0
o

0
0
0

277
536
693
975
900

L76
92
38
30
0
0
o

r37
15

0
0
n

0

161
161
161
161-
161
151
1'55
t6

c0P40

16r_
161
161
16L
161
151
160

CROPOPT

3r8
318
380
It3
131

322
351
386
1L9
45l-
183
197
53t

3%
1t9
15t
183
5V
517
576

3ro
400
15A
500
,ro
600

t58
16r_
161
161
161
L61

2.22
2,48
2.80
3.11
3./+2
3.73
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The changes in structure and production whrich produced

these economic results are sunmarized in tables 11.1 and LL,2.
Taking CROPOPT first, since it is the least constrained
system, the changes with increasing stocking rate are:

(a) Increased use of pasture nitrogen, firstly in spring
and, as stocking rate increases further, in autumn
a'l qn

(b) Greenfeed crops inereased at first but then d.ecreased.

as silage crops increased. Between stockirrg rates of
3.1 and 3.7, total crop area was relatively eonstant.

(c) Pasture silage was significant only at the lowest
stocking rates and was rapidly replaced by crop
s11age as stoeking rate increased.

(a) Milkfat produetion per hectare was closely related to
stocking rate, since milkfat per cow was relatively
constant.

Patterres of change as stocking rate changed were

sj-ni1ar in the CROP /+0 systen except that, because of the
fixed cropping level, there was more cropping at the lowest
stocking rate, 2.16 eows per hectare, than in CROpOpT at a

similar stocking rate.

In the CROP 20 system, sumer greenfeed crops

apparently replaced pasture silage at stocking rates below
2./r cows per hectare as there was eonsiderable fallowing of
winter-spring crop 1and.

In the all-grass system, CR0P0, where the possibilities
for copirg with higher stocking rates were fewest, pasture
nitrogen usage increased with increasing stoeking rate,
although the naximr:n leve1 was not used. pasture silage, on

the other hand, increased to 2.6 cows per hectare and then
decreased as meal feeding increased.
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Overa11, this experiment led to the following

conclusions:

(a) Increased cropping (and conservation) enabled inereases
in forage yield, stoeking rate and milkfat production
substantially beyond those possible in all-grass
systems. Table 11.3 shows that potential forage yield
was almost doubled moving from an all-grass to an all-
crop system.

(l ) Greater use of pasture nitrogen could be made in
cropping systems than in all-grass systens. Autumr

application of nitrogen was of only lfunited use in an

all-grass system because of the dominating importanee
of feed deficiencies in suilner and early auturnn.2

( c ) O:1y in all-grass systems is pasture silage an

important eomponent. Besides pasture nitrogen, it was

the principal means in an all-grass system of adjust-
ing the mateh between forage supply and demand.

However, it sinply transfers feed from a time of high
deurand (around peak lactation) to a tine of even higher
demand (midsr:nner drought ) so that opportr:nity costs
can only be high.

(a) In physical terms a1one, the amount of crop grown for
conservation was lirnited by the quality of crop silage.
Thus, in an uneonstrained system, total forage yielcl
at maxjmum stoeking rate was on1y 77 percent of
potential (see table 1L.J) whereas in systens with
constrained cropping 1eve1s, relative forage yield was

more than 95 percent of potential. Both energy density
and protein concentration were liniting in a number of
time periods.

2 Discussed in more detail in Chapter 12.
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(e) The first increnent of cropping resulted in the

largest i.nerease in systern flexibility. Maximum

stocking rates increased by 0.6 cows per heetare,
maximum nilkfat production inereased by almost
100 kg per hectare and optimum gross margin by $55.00
per hectare. Only at stocking rates above 3 eows per
heetare was there any advantage in having more than
20 percent cropping.

(f) In economie terrns, each system produced almost optimal
(95 pereent) gross margin at stocking rates and dry
matter yields well below those resulting in optinal
gross nargin (see table 11.3). This is important in
operational tenns where sub-optimal nanagenent or
variable envi.ronment eould reduce forage yield, ancl

in planning terus where assumptions nade in the
planning may not be matched by reality.

Table 11.3 Dry natter yield and stocking rate ar some

selected points for four eropping levels

cB0P0 cR0P20 CR0P/-0 CRoPoPT

Maximum possiblg
IftI yield (t na-';

Relative yield at
maximun stocking ratel

Relative yield at
optimal CN! (%)

Relative yielit at 95%
optimal 6r (%)

Stocking rate at
optlmal Gr{ (cows h.-t )

Relative stoeking rate
at 95% optimal CM (%)

r2.5 ]..1.8

96 100

I7.2 2/r.3

98 77

93

76

6395

5075

78

93

75

81

2'6 3'o 3.2 3.2

' That stoeking rate above which dairy meal is fed as an

energy souree.

B5 RO
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I1.3 LEVEL OF CONSERVATION AND SUPPLEMENTARY FETDING

Feed conservation has several conceptual roles in dairy
feeding systems:

(a) To alleviate expected feed deficits by transfeming
feed from a period of relative surplus.

(b) To maximize yield of nutrients per hectare by harvest-
ing at a specified tine and by avoidirg the losses
associated with grazing.

(") To disconnect milk protluction pattern (and patterns
of other downstream processes ) from a highly seasonal
and uncertain pasture supply.

The importanee of the first role was examined by vary-
ing conservati.on in an a1l-grass system in which the only
other possible adjustments were in cow numbers, mear feeding,
plane of cow nutrition, lactation length and consequent level
of milkfat production. Pasture nitrogen was excluded to
simplify interpretation since its timing as well as its
quantity was a variable in the model.3

Results of this experiment are surnmarized in table 11.4
arrd figure II.2.

In table LI.4, marginal pasture Dfut vaLues are an index
of relative pasture scarcity. They are in fact shadow prices
(marginal value products) of pasture dry matter reconeiliation
rows and represent the gross value to the plan if an extra
unit of pasture courd be made availabl-e at that time without
reducing resources at other tirnes. u urhile the model strueture

3- effects of pasture nitrogen are discussed in section 11.4.
+ More accurately, the shadow prices represent the quantity

dZ/dp where Z = gross margin of plan and p = pasture Dil{

available in the period.
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does not peluit real shortfalls in feed supply, McRae (!976)
has showr the valiclity of treating these values as indices
of relative searcity by using then to iteratively adjust the
natch between feed supply and dena.nd and so progress to higher
ttoptimarr.

At 1eve1s of silage feeding below 50 kg per cow, there
was considerable meal feeding despite the presence of sr:rplus
pastr:re (see table 11.4). Where more conservation was pe:mitt-
€d, such surplus could be transferred into sr:rnmer arrd early
autumr and displace the meal fed during feed deficits at that
tine. Below 100 kg silage per cow, this substitution was the
mechanisn responsible for increased gross nargin, since there
were no changes in cow nunbers or productivity ( see fig-,:re
11.2 ).

As consenration increased above 100 kg silage per cow,

a decreasing nr:rnber of better-fed cows was able to maintain
and inerease total milkfat production, while gross nargin
increased throughout. However, the increase in total nilkfat
(see table 11.4) was quite modest since only the timing of
forage supply, not its total quantity, was changing

significantly.

A general effect seen i.n table 11.4 is an increase in
the differences between narginal pastr:re values in each

season as conservation d.ecreases. This serves sinply to
indicate the increasingly poor match between supply and

demand with decreasing conservation. Adjustrnents made to
minimize the nisatching were increases in stocking rate and

shorter lactations. This results in increasing feed scarcity
in July and August and a eonsequent shift towards August

ealving.
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However, one of the more inportaat results has, so far,

been only inplied. It is that all conserved feed, and mea1,

is fed in Febrrrary and lr,tarch. The only interpretation possible
is that supplements are used to extend lactation and carl do so

econonically by bridging a relatively short feed defieit
between the end of vigorous pasture growbh in early sunrmer and

the beginning of rapid autu.mn growth.

Inportant eonclusions from this experiment are:

(a) Milkfat production per hectare in all-grass systems can

be largely maintained at low 1eve1s of conservation by
increasing stocking rate and decreasing laetation
length, as reconmended by Ruakura workers (Canpbell

et a1. 1977; Scott 1978). However, for the assr:mpt-

ions used here regarding Northland pasture, there was

a considerable economic advantage in feeding cows for
higher production.

(b) illhile conservation used solely to produce extra rnilkfat
through inereasing level of production or by exteniiing
lactation length nay be a doubtful eeonomie proposition
(Scott and fueaton l9?5; Bryant 1978), its value nay
be enharced by using it to maintain lactation between

two periods of adequate Dasture grow-lh.

With 20 Dercent or more cropping, there was, as already
indieated in the previous secti.on, sufficiently good match
between forage supply and demand to enable the maximum assumed

nilkfat per cow using only sna11 quantities (less than 1OO kg
per cow) of conserved feed. Thus, the effects of conservation
in cropping systems must be primarily those involved in the
second role of conservation mentioned above, naximizing forage
yields and ninjmizing utillzation losses.
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.Llthough no specific experimentation was conducted on

this point, table 11.5 shows changes in forage yie1d, con-
servati.on leve1 and efficieney of forage utilization in the
CROP 40 system as stocking rate was changed in the experinent
already described. This table clearly shows that while
forage grown increased by 40 percent and conservation of
forage grown increased fron 5 to 30 percent, there was no

change in overall efficiency of dry matter utilization. This
was aehieved in the nodel by grazing crops at a stage of
naturity when grazing losses were at their lowest and nutrit-
ive values at their highest. In turn, this was achieved by
growing a raix of erops with differing naturity tj.mes. For
example, at a stockirg rate of 3.4 cows per ha a total of
11.9 ha of winter greenfeed consisted of 1./+ ha cerea1-/Tama,

1.4 ha sub clover and 3.1 ha winter legr:rne. In practice,
serial plantings of partieular forage night fulfil the same

function.

Table 11.5 Influence of stocking rate on forage produetion,
level of eonservation and efficiency of forage
utilization with a fixed 40 percent of the farm

arga er.onned.

Dvl grown
/- -l .lkg ha )

Dlvl conserved

$)
DMA,tr

(re )

Stocking rate
| . -t .\cows na )

2./+6
4 /A1.OV

^AAz.6v

3.00

3.20

3' /rO

7]-79/t

T25I5

13176

I/r166

rr152

IO) J4

5

5

12

17

21

3O

29.8

29.9

29.9

30.0

)u.u
30.2
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Results with the other cropping systens were very
siroilar. The eonclusion that conservation will result in
ma:cimal forage yields without necessarily lower utilization
losses than grazing nust be qualified by 

"ecognition 
of the

importance in model solutions of maize silage. Maize is one

of the few crops which rnaintains high digestibility at
naturitys and so can combine high yield with high nutritive
value. Generalizing wj.th respect to other crops, high yields
approaching maturity are associated with poor utilization in
the ease of grazing or with 1ow nutritive value in the case

of conservation.

11.4 PASTURE NITROGEN

The effects of nitrogen fertilizer on pasture growth

are not well krown for dairy pastures; the effects on milk
production and profitability in whole systems have only been
guessed at. Th:is study provides an opportunity to estimate
the latter.

The effects of pasture nitrogen in facilitating a

different pattern of feed supply is confounded with stockirrg
rate, increases in which result in a greater potential mis-
rnatch of supply and dernand. Thus, in the comparison between

all-grass systems with and without pasture nitrogen (see

table 11.6), there is only a very slight increase in milkfat
production per cow but an 18 percent increase in stoeking
rate. However, an additional l0 t of pasture silage in the
latter systern is made economic by strategic pasture nitrogen.

Defined as the presence of black-layer development

kernels (Menalda and Kerr 1973).
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Table Ll-.6 Conparison of structure and performance

of an all-grass system with and without
pastr:re nitrogen.

Iilithout N with N

Pasture N

August

Septenber

April
Pasture silage
Total IM

Stocking rate
Milkfat per cow

Milkfat per ha

Gross rnargin

(ha )

(t)
(re h"-t )

( cows rr"-t )

(te )

(ks)
($)

o,
9500

2.22

757

319

1e3

,o
50

E

79

1r590

2.60
'l 40

/+11

5t+

Another means of inclieating where additional pastr:re
nitrogen night improve systen perfornanee is to ealculate
what response or what price would na-ke nitrogen economic.

The breakeven responses shown in figure 11.3 are calculated
frorn:

ilfl/Py

where Px is the price per unit of nitrogen
Ir{VPy is the shadow priee of pasture dry rnatter
and it is assumed, as before, that only
75 percent of the response can be utilized.

To preserve clarity only three systeros are shown in the figure
but the curves for all cropping systems follow the Sudax one

shown quite e1ose1y. Calculations for different nitrogen
priees would only be valid if it could be assumed that no

other prices, espeeially that of milkfat, changed. The

pattern is slnilar for all systerns with breakeven responses
of arorurd 10 kg DM per kg N in rnid winter, late sunrner ard

1
ffi

Px
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and early autumn but higher responses in spring, late autr:mr

and early winter.

It is not possible to predict, for any particular
assr:med. TeE)onses and system, how nuch nitrogen would be used
or what its effeets would be. But the consistency between

systems in the quantity of nitrogen used, espeeially in spring,
suggests that nitrogen has an inportant role to play in both
changing pattern of feed supply ald in increasirg yields
generally.

11. 5 P0TENTIAL 0F A SUI'IMER-GROI,IING GRASS

As mentioned in chapter 8, the sub-tropieal grass
Henoa.tlwin a'(il'saina was being eonsidered as a potential forage
source for Northland. Although a good way off being proven as

a practical proposition, indications of its potential value to
production and profitability when integrated into a dairy feed-
ing system were considered desirable as a basl-s for eontinuing
agronomic research.

A system having H, a,Ltirstin4 as a forage source (HUrlanfH)

but otherwise with the sane constraints as cRopopr is eompared

with that system and an all-grass system (cnopo) in tatte 11.2.
In this comparison, eaeh system is at its optimal stocking
rate. The large differenee in produetivity between cROpo and

twARTH was due prirnarily to the much higher assumed yield of
H. a'Lti;tina compared with conventional pasture, together with
the presence of maize silage. The resulting 36 percent
increase in total forage yield was reflected in increases of
nore than l0 percent in stocking rate and nilkfat production
and a 21 percent increase in gross rnargin.
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Table 11.7 Conparison of a system eontaining Henantlnia,
a.(t'i-oAina (HEvIARTIi ) witfr an all-grass systen
(CR0P0) and an unconstrained cropping systen
(CR0POPT), each at its optiroal stockirrg rate.

CROPOPT HEX\ifARTH CR0P0

Conventional pasture (ha)

Hemarthria ( fra )

Sr:nrmer greenfeed (ha)

Silage maize ( tra )

l{inter greenfeed (ha)

Total forage IIvl (kg ha-t )

Stocking rate (cows n"-t )

Milkfat produetion 169 na-r )

Gross margin ($ ha-r )

20.1

18.9

11-.0

29.r
TSQA

3.r4
506

586

r.3
37.6
0

11.1

11. 1

r5789

3.10

5/r8

ozJ

50.0

tt>gl
2.60

1I/t
5I/t

However, when compared with
system (OROPOPT), HEIARTH had very
there were substaatial differences
produetion and profitability. This

the unconstrained cropping

simil-ar forage yields although
in stocking rate, nilkfat
was clearly the result of

H. olti'saina replacing all the surmer greenfeed and more than
half of the winter greenfeed, giving generally higher quality
forage at lower cost.

This result, together with the presence of ff. all)_taina
in nany plans derived during model development and valiilation,
confirms that efforts to find new sunrner growing grasses for
Nortlrland (Taylor et a1. I976e) could be very rewarding. ft
shows also how the benefits of any particular pattern of forage
availability ad.ded to any chosen base s-vsteri: could be estimated.
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11.6 EFFECTS OF CHANGES IN FORAGE YIELD AND QUALITY

A conmon goal of physiological and agronomie research
is to increase crop yield or quality. The sensitivity of a

Northland tlairy system to changes in yield and quality of
forage was examinecl using maize. Greenfeed maize, a

relatively ninor forage source in the systens so far discussed,
was excluded so that there could be no d.irect effect on dis-
tribution of forage yield and quality through the year, only
on total quantity.

1\ro experiments were carried out. In both, maize yield
in a 30 percent cropping systen was varied parametrically from
I1.3 to 2O.3 ) per ha. In the first e:cperiment, there were

three netabolizable energy densities (t0.0, 10.5, 11.0 MJ per
kg ) at each yield level. In the second there were three erude
protein concentrations (5.O,7.5, l.O.O percent) at each yield
leve1.

Analyses of varianee, shovm in tables 1l_.8 and 11.9
indicate large effects of yield, saller effects of nutritive
va1ue, and very 1itt1e interaction. The mean effects of yield
varj.ation on produetivity and profitability are surunarized in
flgure II.1. Increasing responses up to 16.7 t per ha were

associated with inereasing areas of maize in the respective
optimal prans. The extra maize area resulted frcm displacenent
ol'greenfeed Sudax and to a lesser extent, silage oats.
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Table 11.8 Analysis of variance of gross rnargin per ha

as affeetetl by Dtr{ yield and I\m coneentration
of maize silage.

source of variation 
_Degrees 

of freedom Mean square

Yield
ME

Yield x ME

4

a

10

2708

no)

1,3

Table 11.9 Analysis of variance of gross nargin per ha

as affected by DM yield and crude protein
concentration of maize silage

source of variation Degrees of freedom Mean square

Yield
CP

Yield x CP

2

1n

zotz
lr36

4t

Average system response in the linear interval between
L6.7 t' ha-' and 20.3 t ha-l was i.O?/ per kg yield increase.
As indicated by the lower rate of Tesponse at maize yields
below 16.7 t ha-l (see figwe 1r.4) tne rate of response of
the whole system to yield change must depend on the proportion
of total area in maize.

The responses to changing maize yield estimated in this
experinent are very elose to those predieted by the solution
shadow prices of maize silage dry matter, as shown by the com-
parison in table 11.10. The diminishing returns of table
11.10 translate inio lncreasing returns in figure 11.4 because
of the increasing cptimal area of silage maize up to a maize
yield of 16.7 t ha-].
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Table 11.10 Predicted and observed response to inereases
in silage maize yield (c per kg yield inerease).

Predieted Observed

narginal narginal
value value

Itlaize

yield

I1.3 ,.61 (s.+l)l
v., 5.12 (> .z+)
16.7 ,.to ,.o9
17 .9 5.O8 5.O7

19.1 5.O7 5.6
2o.3 5,0/+

I Values in brackets are estinated from mearr

area of maize between two plans

Dininishing response in nilkfat produetion wlth increas-
ing yield (see figure 11.4.) above 76.7 t per ha was associated
with a diminishing rate of increase in total forage grown as

increasing areas of lower-yielding forages sueh as sub clover
were grown to supplement diet quality.

The close agreement between predicted and observed
(throWfr model manipu3-ation) responses to maize yield inerease
(in table 11.10) suggests that, where other forage sources are
being used at near-optimum 1evels, their shadow prices may be

used as an indication of potential_ system response to yield
increase. Sueh predictions are discussed in chapter 12.
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The effect of a change in energy concentration is almost

identical with the effect of a change in energy yield resultirrg
from a charge in dry matter yield. Ta-king the top three
curves of figure 11.5 to represent the rnaxinrm rate of response
to increasing energy density, the mean response is 0.608 c MJ-t

compared with a response of 0. 578 e MJ-l when energy yield was

increased by increasing silage dry matter yie1d. The

similarity of these responses indicates that netabolizable
energy yie1d, where ME density is greater than 10 MJ kg-t, i"
a reasonable basis for comparison of forages, providing they
are fitted into an appropriate system, a conclusion also
reached when comparing responses to yield change in pasture
and maize (t',titter 1980).

Maximun responses to ehanges in crude protein eontent
were 10., - I2.2 . kg-' crude protein, a good deal less than
the cost of protein supplements. Protein supplement was used

at rates up to 37 W cow-'but the extra protein supplement

fed with maize silage of 1ow protein content was less than
half of the difference in system protein resulting from
differences in maize silage protein content (see table 11.11).
Iarger quantities of sub clover, smaller quantities of eereal
silage and adjustnents in tinoing of various forages were the
other main mechanisms of maintaining protein intake.

Table 11.11 Differences in crude protein supplementation
expressed as a percentage of the difference
in crude protein eontained in maize silage.

Maize
Jfs.Lu
| , -l t(r na )

Maize erude protein interval
( percent )

to.o-7., I . )-) . W

10'1
37
<v

I2
<h

/t/,
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There is no way of conparing directly the responses to

crude protein changes with the responses to change in yield
or energy density. However, on a density basis, variation of
1 5O p"""ent in erude protein had effects simllar to that pro-
duced by variation of 1 5 p"t""nt in energy density. It nust
be concluded that, in a relative sense, energy is by far the
nost inportant aspect of diet and that the ccmclusions reaehed
about maize would apply to other forages in a similar way.

II.7 EFFECTS OF HIGHER PRODUCING COI.JS

Possible rrnderstatenent of the benefits of forage
cropping and eonservation tbrough li-miting cows to a maximum

amual 161 kg nilkfat6 was assessed by including cows with a

potential of 190 kg nirkfat and with feed requirements extra-
polated from those described in chapter 6. With respeet to
feed production possibilities the nodel had no constraints
additional to those described in chapter 9.

Details of the resulting plan were:

Stocking rate

Proportlon of fa::m cropped

Forage groms

Silage fed

Days irt nilk
Milkfat per cout

Milkfat per ha

Gross rnargin per ha

3.0 cows ha-l

57 percent

15./, t ha-l
950 kg 

"o"-t
267 days

1-76 kg

520 kg

$r96

Dring Lne 12 weeks of lactation, dietary energ"y density
was limiting for 1-2 weeks, dietary protein density for 8 weeks

5 Foreshadov;e<i ir section L0.3.0.
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and both for a fi-rrther /r weeks. E:ergy density was within
0.25 MJ ME per kg of being limiting for a further 8 weeks.

since half these l-initations occurred in early laetation when

appetite is high, and since all forage options were available,
it urust be coneluded that this level of cow productivity is
close to the economic linit with the voh:ntary intake linits
assumed. The increase in gross margin associated with these
higher producing eows was only 99.94 per ha. The econonic
Tesponse to allowing higher per cow produetion in an all-grass
systern cou1d, because of less restrictive quality linitations,
possibly be higher than this if there were no other effects.
Practically, decreasing efficiency of pasture utilization
brought about by lower grazing pressure woul-d 1ikely nullify
any such extra response (Hutton I97l-).

11.8 EFFECTS OF CLIMATIC VARIABILITY

All the results so far refer to an assumed average year.
It is necessary, in a study of this type, to expand the domain

of the results (or to falsify the initial results) by subject-
ing the systems in question to deliberate disturbarce.
variations in economic assumptions are dealt with in a subsequent

section. This section is concerned with the effects of seasonal
variability on system performance. There is no intention of
finding, for particular kinds of systens, a plan which
rnaximizes expected value under uncertainty, although there are
some fairly elaborate linear prograrming formulations designed
for the purpose (Iiaze11 r97L; Rae 1971; wicks and Guise r97g).
What is required is a comparison between selected sys+,ems in
their reaction to seasonal variability. This was achieved by
nurning eight selected systems through nine arbit?ary seasons.
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11.8.1 DEFINITION OF SIMPLIFIED SYSTEMS

The results of the stocking rate x croppirrg level
erperiments suggested that, at least for assumed average con-
ditions, a number of cropping 1eve1s, conservation levels and

stocking rates had to be considered. Systens designed to
represent a variety of combinations could have been chosen

from among the optimal plans generated in the stocking rate x
cropping 1eve1 experiments. They would have been not only
arbitrary but also unnecessarily conplex. Some may even have

been agronomically and logistically infeasible by implying
such anomalies as legume - legr:me rotations and conservation
of three different silages.

A more subjective selection of systerns, to include some

which were under evaluation in the field, was urade by taking
three levels of croppir€, 0, 20 and 40 percent and specifying
at least two leveIs of conservation systens in each. In a1i-
gTass systerns, leve1 of nitrogen usage was an additional
rnajor faetor which could be used for subdivision. Eight
systems were finally specified:

(a) GRASSA An all-grass, no nitrogen system in whieh

eonservation was limited to that necessary to obviate
any requirement to purehase feed. This system is
ttrrpical of many existing dairy farms and represents
the kind of system often recommended for North fsland
dairying districts (Hutton and Bryaat 1976; Ca:npbell

et al. 1977; Scott l-978).
(b) GFASSB An all-grass, no nitrogen system with an

optinal 1eve1 of conservation. This is mearir ro
represent the limit of the previous system without
introducing any new technology.
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( c ) GRASSN An all-grass system with optirnal nitrogen

use and conservation. It represents the first step
into relatively unorthodox technology. Because nitrogen
application is 1irni1g6 to 50 kg ha-I at only three times
of the year, the systen by no means represents the
limits of pasture produetion.

(a) SUDAX A system vrith 20 percent of farrn area in a

Sudax-subterranean clover rotation. Agronomically the
rotation seems to be viable and it has been successfully
integrated into a dairy feecling systen (,lurtina I97B).
It is relatively r:nsophisticated in its requirernents for
additional nachinery and skills. Pasture silage is the
only conservation possible.

(e) I\IUCER A system with 20 percent. of farn area in a

maize-oats rotation and all crop conserved. It should
achieve maximum utilization of all forage grown and

maximu.n yields from forage crops but would denand quite
sophisticated farming techniques.

( f ) DfzRcl,ov A system where at any tine, 20 percent of
faru area is in red clover and 20 percent in a maize-
cereal rotation. The two areas would alternate with
each other every three years to maxirnize agronomic

benefits from the legume 1ey (Taylor and Hughes 1926).
To avoid the sna1l quanti.ties of cereal silage produeed

in prelininary experiments with this system, cereal
could only be grazed in the final speeification.

(g ) IvIZSDX This system was an attenpt to simplify the
optimal but complex cropping plan (CnOpOpt) generated
in the stocking rate x eropping 1evel experiments.
Sudax-sub clover was speeified on 20 percent of the
farm and maize-cereal on another 20 percent. Again,
winter cereal could only be grazed.

(ir) FREE With no constraints other than those of
the basic model this ttsysternfr provided, in most

situations, a benchmark against which the performance

of sub-optimal systems could be compared. In some

experiments, its capaeity for adjustment was linited,
for reasons detailed in the appropriate p1aee.
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To justify use of these systems it was first neeessary
to calculate their sub-optimality with respect to the rrn-
si.mplified systemsT having the same cropping 1eve1. Ercept
for GRA$sA, a system d.esigned to be significantly sub-optima1,
all slnplified systems hatl gross margins within $2o.oo per ha

of the maximr:rn gross nargin for their respective cropping
levels (see figure 11.1). rn the case of GRAssA the difference
was $45.00 per ha. other features of these sinplified systens
are shovn in tables 11.12 and 11.13.

Table 11.12 structure of representative systens in aa average year.

Pastire Greenfed crops
Sr.umer Winter

(ha) (ha) (ira)

Crop silage Pasture Pasture
Sr:nmer Winter silage Nl

(rra) (ha) (iral (ks ha-t )

GRASSA

GRA,SSB

GNASSN

STTDA)(

}IZCER

IvtZRCIOV

IvIZSDX

FREE

( ro)'
(:o 1

(:o I
( +01

(/,0)

(:o I
( :01

20

(ro) fr.oI

(eo)

(20)

29

\f\J/

5

8

11

(ro)

1

(6)

u.
.)
IO

n

0

z

0

ro5

tt2
]-25

r20
l-33

I/+1

15

l2
T9

I

2

See footnote to table 11.1
Nurnberrsin brackets were fixed in advance.

7 Discussed in sections 11.2 and l-l-..3.
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In table 11.13, variance of feed supply is given to

demonstrate the difference between systens in feed scarcity
through the year. The reasoning behind this index requires
sone explanation. A linear prograrnming solution tableau pro-
vides infornation concerning the scarcity of resources. rt
may indicate that the resouree is not scarce at all by having
a surplus or it nay give a rtshadow pri.eet for the resource,
indicatirlg the narginal value produet of an increase in
resource supp1y.8 rn the present mode, the searcity of feed
nutrients is expressed in the sr:rpluses and shadow prices of
the 26 metabolizable energy rows, 26 erude protein r-ows and
26 dry matter appetite rows. Since neither appetite
restrictions nor crude protein are normally liniting it is
proposed that the netabolizable energy rows be used as an

index of feed scarcity. rn order that the shadow prices of
these rows can be compared with the costs of providing
supplements, the values are converted to a dry matter equivalent,
assuning a ftstandardrr forage IvlE concentration (M/D) of 11.0
MJ kg-t. However, where crude protein is also limiting, the
shadow price of crude protein can similarly be eonverted to a

dry matter equivalent. This is done by assr:ming that any use-
ful protein supplernent would need to contain 20 percent crude
protein. vlhere both protein and energy are scarce the highest
of the two shadow prices so calculated is taken to represent
feed scarcity. crude protein and appetite limitations, where
indicated, near that the shadow priees given aecording to the
above scherne are valid only for diets of the sane or better
quality.

Strietly, in a maximization problen, the shadow priee is the
decrease in value of the objective fi:nction for a marginal
deerease in resouree supply.
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11.8.2 DEFINITION OF SEASONAL VARIABILITY

Seasonal variability, expressed for the purpose of this
model as variation in yield of pasture and crop, eould be de-
fined j.n several ways. Ore is to subject the nodel to a

sequence of historical years. Historical yields, while real
within the li-mits of measurement error, 'imply a considerable
data base and woulil require a considerable nrrmber of years to
establish a pattern of response. These data are not availabLe.

Bandorn sanpling fron defined yield distributions would
be difficult when many of the forage yields would be correlated
with each other and would show autocorrelation w'ith tine. As

with sampling historical years, a large number of years would
need to be simulated to derive stable means and there would be
little opportunity to analyse the effects of individual seasons.

A third possibility is to choose the extreroe seasons of
interest ar,d specify yields for those seasons. An sxnq)1e
might be to take the driest sumer-autumr on record., take
yields recorded or estimated for that season and assume that
system reaction to this circumstance characterizes its stability
or lack thereof.

The approach adopted here was to specify a number of
arbitrary seasons, defining yreld in each according to some

assumed distribution. such an approach recognizes that yields
are variable because of climatic variation but that equa11y,
beeause of linited observation, there is great uncertainty as

to the actual means, varianees and correlations. For rnany of
the forages considered. here there were less than ten estimates
of yield, nore than one often having been made in a single
year.

It was first necessary to define the seasons. Sub-
jeeti.ve assessments of the merits of seasons made by people
with experience of Northland made frequent mentiorr of spring,
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sunmer and early autr:nn. To sinplify interpretation it was

deeided to deflne variability only for that part of the year
between October 7 errd April 20 and assrme constant average
conditions in the renainder of the year. sone j'ustification
of this deeision is to be for:nd in the results of sinulating
16 years of pasture growth at Kaitaia. standard deviations
were 2-10 kg ha-l d"y-t between I\{ay and Septenber while the
rar€e was 8-22 kg h"-t d"y-t ih:ring the period assr:med

variable. However, it was also clear frorn the results of these
sinulations that variation in late spring - early sunmer grow-bh

was largely due to tenperature variations while that in late
suDmer - early autunn was mainly due to variations in soil
moistr:re status. an arbitrary divisi.on was therefore made at
January 12-13 giving two variable seasons, each 1/r weeks 1ong.
Because the sources of variation differ in kind there was

reason to suppose that the seasons were independent; no

significant correlation was for:nd between the srrms of 16 years
pasture growbh in the two seasons. Therefore, allowing for the
possibility in each season of above average, below average, and

average conditions provided for a total of nine different kinds
of years.

Next, in was necessary to define above and below average
seasons in probability terrrs. This was done by taking a standard
normal probability eurve, cutting off 2.5 pereent in each tail
and dividing the remaining area into three equal parts (see
figure 11.6) and assrrming seasons wourd oceur in each area with
equal probability. Each area vras represented by the point of
median probability, the point dividing each area into two halves
of equal probability (see figure 11.6). Thus, the points chosen
to represent above average (G), average (lt) ana below average
(B) seasons are (i * 0.903 S.D. ), ;, and (i - 0.903 S.D. )

respectively, where i = mean and s.D. = stand.ard deviation.
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Defining forage yields corresponding to these points
was a two-stage process. First, the standard deviation of
yield of each crop was estimated frora yields of all site-
year eombinations available. For the pr:rposes of this
estination, the justification for regarding between-site and

between-year variation as equivalent lies in the wide variat-
ion between sites in moisture retention capacity of soils and
in rainfall pattern over short distances ( Grailwell ISTI;
Taylor personal conmunieation). pasture yield variability
was estimated fron data of Piggot et aI. (Wg) for the
October 7 - January 12 period (her.eafter 1abe11ed. rrsumer'

in this context ) and from the siroulation results for the
Jaauary 1J - April 20 period (hereafter [autunnr'). These

sources had originally been used for pasture growth means i.n
the two periods. The resrrltirg coeffieients of variatj.on were
27 percent j.n ttsrmmertt and 54 percent in rtautumntr. These

estimates referred to total pasture yield in each 14 week

period.

Secondly, this total variability was apportioned among

the seven fortni.ghts of each period in proportion to the
standard deviation calculated for each fortnight. By so cloirg
it was assumed that a partieular season ryp€, say, below
average, would be r.rriforrnly so throughout 14 weeks. The pasture
growlh patterns so assuned are shown in figure 1I.2.

The standard deviations calculated for crops in some

cases eombine variability from each of the variable seasons,
so it was necessary to apporiion it between them. This was

aecoroplished by assr.ming that "autumn, variability was twice
that of ilsummerrr variability, as caleulated for pasture. In
the cases when one ttrrye of rrautururtt followed a different tytrle

of 'rsurnrnerrr it was neeessary to apply the estimates of
variability to net growth so that the final yield of, soy,
greenfeed maize in an average trauturnnt depended on vlhether
the preceding trsulnnertr had been average or above or bel-ow

average. The final variabifity assumed for all important forage
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sources is shovnn in table 11.14. rt is important to note that
any comparison between forages is rea11y a comparison between
forage-environment combinations. There is, for i.nstanee, no
deliberate inplication that red clover is more resistant to
drought than naize; it nay well have been grown on better-
watered sites.

Table 11.1/+ Assrmed variability of forage yields in Northland

Coefficients of Variation (l)
rrsumerrt nAututnrrtr Total

Pasture

Greenfeed maize

Sudax

Vlinter cereals
Red clover
Winter legr:nes

For this set of experinents, yield of silage rnaize is
assumed constant. rn rnodel solutions the bulk of uraize silage
is fed before the cument maize silage crop is harvested,
inplying carryover fron the previous year. since maize yields
between consecutive surners are 1ike1y to be independent in
practiee, there was no theoretical basis for varying carried-
over maize silage in response to current season. s

The nine seasonal combinations are referenced as BB,

IM, BG, Im, MM, MG, GB, ffi, GG where the first letter of each
pair refers tortsumerrr, the second to raut,Jm:rrr, B refers to
below-average, M to average and G to above-average.

25

T9

20

5/,

27

.)

24

a(

11

12

27

12

27

s However, see section 11.9 where

varying silage maize yield are

the effects of independently
estimated.
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rI.8.3 THE LINEAR PROGRMMING MODEL AS AN OPTIMIZING

SIMULATOR

As already envisaged, the erperimental plan ca11ed for
a scheme whieh would optimize feed allocation in a relatively
fixed system. selection of a range of representative systerns
has already been dealt withl 0 but the only fixed aspect of
these was their eropping areas.

In praetice, many other aspects of a farm plan are
fixed, or at least constrained within linits, in ad.vance of
seasonal variation. cow numbers and calving tines are to a

large extent dete:nined at the beginning of the (,rury to June )
year; spring nitrogen nust be applied to pasture before there
are any indieations of late spring-ear1y sunner feed deficits;
pasture silage must be nade before the extent of these feed
deficits are hrovrn but after seasonal variation has begr:n.
speeific limits are detailed in table 11.15. Here it may be
noted that cow numbers, calving times arrd spring pasrure
nitrogen, activities all requiring deeision before seasonal
variation is assumed to begin, were fixed at their optimal
values for average conilitions. pasture silage was fixed at
its average-season optimal 1eve1 for average ,sunmersrf but was

allowed to exceed this value in above-average rtsumlersrf . In
below-average ttsunmersrr, pasture conservation was limited to
half optimal leve1 so that the rnodel could not eonserve
surpluses for silage in anticipation of feed defieits later
in the sunmer or in the autumr. The last line of table 11.15
refers to an assurnption that in good seasons maize originally
destined for silage may be fed off as greenfeedl conversely

to fn section 11.8.1
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this constraint prevents poor autumrs from being anticipated.
The other nodification for these erperiments was provision for
trigher production per cow so that the system could respond to
above average conditions with fixed cow numbers. Beeause

higher production per cow, as specified here, is very profit-
ab1e, the possibility was pe:oitted only in above-average
seasons.

Table 11.15 Additional constraiats for seasonal variability
erperiments.

above
average

Ttrpe of ttSunmern

average
below

average

July ealving cows

August ealving cows

Sprirg pasture N

Pasture silage
Area silage maize/
Total maize area

-M
=[[
=|[
>M

-(M

_M

-lf- lYl

= |;[
-lr- lvr

<M

-M
= [i[
_M

-< 0.5M

-(M

M represents the activity value in the optimal plan for an

average season.

A somewhat arbitrary division has been made between

feeiling activities and those activities concerned urith feed
production and eow nutrient requirenents. AJ-1 the foregoing
l-initations apply to feed produetion and eow requirements and

numbers and, as in previous experimentation with the mode1,

no explieit constraints at all were i.mposed on the manner in
whieh forage is apportioned to eows through the year.
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This is entirely consistent with early deeisionslt to

eompare systerns at an toptimumn 1eve1 of managenent, though it
elearly pe::mits a degree of foretrcnowledge not usually granted
in true simulators. rhe lirniting values are those resulting
from optimal solutions in average seasons and are shovm in
table 11.16. Itre only seasonal constraints on FREE were stoek-
ing rate, calving time and naximum silage maize area. Total
crop area, spring pasture nitrogen and crop silage, activities
lirnited in various ways in all other p1ans, were not linited
in any season for the FREE p1an.

Table 11.16 Average-season values (ttl) of constraints added for
seasonal variability experiments.

Median
Crop Stocking ealving
area Rate date
(%) ( cows ha-' )

Spring
pasture Pastr:re Croo
nitrogen silage silale
(kg h"-t ) (te .o"-t ) (te 

"o*-t;
GRASSA

GRASSB

GRASSN

SUDA(

lvlzCER

ilIZRCLOV

IvIZSDX

FREE

2.10

2.22

2.60

2.70
? -tA

2.90

3.06

3.r/,

0

U

0

av

1V

40

lro

NL

JUL

JUL

AUG

AUG

AUG

JUL
rrr

.J UIr

AUG

U

0

100

AA

100

100

e3

NL

175

1/'O

6]-5

120

0

0

lr5

0

r270

/+2O

600

NL

30

av

a

Y

z

az

II
1f

NL = no li-rnits except a naximum 22% of farm area in silage maize.

I I Detailed in chapters 9 and 10.



l-6711.8.4 RESULTS OF SEASONAL VARIATION

Over the fir1I range of specified seasons, gross margin
varied by up to 30 percent above and below average. Generally,
there was a larger response to below-average than to above-
average seasons, so that mean performarlce over all seasons
(these are the means refened to subsequently in this seetion)
was usually lower than perfor[rance in an average season. This
was partly due to the linited potential for increased production
?er eow, but largely due to the curvilinearity of the milk pro-
duction function, as shown by the faet that nilk produetion never
fe1l to its lowest possible 1evel of 112 kg per cow ( see table
11.20). The range of gross margins for each system are shovyn

in table 11.17. A11 n'ininr:m gross nargins oecumed i.n a year
when both trsunnertt and trautumrtr were below-average ar'd all
maximurns oceurred in a year when both ttsurrmertr and. ilautumrrr

were above-average. The ranlings of the three parameters of
table 11.17 were almost identical with the ranking of gross
margin in an average season. The major exceptions concerned
ilIzcER which was less variable than all other systems except FREE.

Table 11.17 Mean and extreme values of gross nargin ($ ha-t) in
nine seasons.

GnissA GRA^ssB GnassN suDN( tvIzcER l\tzRclov r[zsDx FREE

Average ).n-lseason T'4

Mininr:n 3OB

Mean /r52

Maximr:m 579

s.D. 79

193

33e

/+gI

590

77

571

382

5@

ol_y

80

552

38r

5/r/t

662

66

13r

66ri

657

7T

122

,60

661

71

5r, 564 578

4tY

586

501

571 601

aA^o6y '/ L4

66Z

S.D. = standard deviation
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An analysis of variance of gross margin for the

7 system x 9 season combinations is sumarized. in table 11.1g.
rnteractions had relatively minor effects in contrast to
seasons and to systems. As far as systens are concerned., the
absenee of interaction inplies that systens with higher mean
gross nargin dominate those with lower gross nargin. rhat is,
whatever season two systems were compared in, their gross
margin ranking would renain r:nchanged. Nevertheless, for the
purposes of this study, it is pertinent to look at the
respa$ses of individual systens to seasonal variation. These
are depicted in figure 11.8 where there are ind.ications that
the an-.rl--grass, no-nitrogen systems (GRA,ssA and GRA,ssB) perform-
ed reratively poorly in good ftsluffaerstt and in poor 'rautumnsrr. The
for'm eharacteristic is a consequence of the inflexibility of
these systens in utilizing surplus pasture in October-November
and May-June. rn other systens, a combination of strategic
nitrogen, conservation and cropping pernitted full use of
forage grown. Poor ttautunnsrt, on the other hand, resulted in
intensive meal feeding in GRA.ssA and GRASSB because in these
systems, cows are already u:rderfecl in average eonditions and
thus have limited flexibility to be fed at a still lower plane
of uutrition.

Tab,.l-e 41.18 Analysis of varianee of
by systens ald seasons.

gross margin as affected

Souree of variation Degrees of freedorn Mean square

Systern

Season

sunrner

autunn

sunmer x

System x

system x

system x

system x

6 18606

r/+9283

/-rr98

981

210

2/+9

63

I

I

1autunn

Season

sunmer

auturnn

sunmer x auturnn

/r8

12

I2
2/-
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Ttre other main feature of figr:re 11.8 is that average

nstnnerrf responses were larger than rautunnrr responses. But
when related to the aetual variation in forage yie1d, a
procedure analagous to making the length of the x-axis of
figure 11.8 proportional to the range in forage yield, there
was almost no difference. Mean rrsumerrr response was 9.2 e

change in gross margin per kg charlge in total forage yield and
mean ttautumrrf response was 9.6 e kg-t.

rn order to relate the response in gross margin to all
seasonal variation in forage yie1d, least squa.Tes esttmates of
the response of eaeh system over all nine seasons were
ealculated and are showr in table 11.19 along w.ith average and
extrene forage yields. The regression coefficients show that
increasirg responses accompany increasing cropping and con-
servation. The high value for MzcER was associated with nornal
variability of gross margin, with the possible exception of
poorttautu.unsrr(see figure 11.8), but with a lower than average
dry natter variability. The high conservation apparently per-
nitted efficient reorganization of feeding according to
seasonal cirer:mstalces.

Table 11.19 Total forage dry natter, and nean response of gross
margin to season by seven systems.

Total forage [M grown Least
squares

Cil4/Ixvl

(. te-t )

s. D.BB I\,[T GG

(ks ha-l )

GRASSA

GRA.SSB

GRASSN

SUDA)(

IrzcER

IvIZRCLOV

IVIZSDX

7890

7890

9890

10630

I3/+20

r2770

132$

9roo

9500

11590

].2590

t4390

r3790

r1650

11110

11110

13110

l/+27O

r5220

I/+750

15810

970

970

960

1030

,10

7ro

810

7.16

7.81

8.20

8./r3

13,c5

9.6A

9.56
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Other plgrsical aspects of systen perfor:mance in variable
seasons are sunxnarized in table 11.20. The rel-ative
sjmjlar'i1y among fixed systens in the extent of variation of
nilkfat production and lactation length disguises an inportant
difference between systens. This is that the first four
systens were not self contained, all requiring substantial
amounts of meal to maintain laetation in poor seasons. Meal
feeding at the levels indicated in table 11.20 was an optimum
ecorcmie level-. Mninun 1eve1s of rneal consistent with model
phrysical constraints would resurt in lower 1evels of milkfat
production in the first four systems, together with lower gross
neugins as a result of havirg to recoup large eow bodyweight
losses.

The nain feed production adjustments made in variable
seasons are shown in tables 11.21 and 11.22. The only r:n_
realistic adjustnents amongst all these were the large
irrereases in pasture silage areas of the IvERcLov arid IvIZSDX

s3rstems in GB seasons. Here, it could be argued that the in-
crease was only nade in the knowled.ge of an irnpending feed
slrcrtage in late suilner and autr:mr. However, that it was a
genuine pasture sr:rplus is indicated by the observations that
n* meal was fed in that season and that urirkfat per eow i,n
tlet season was less than I kg below that in the Gvt and GG

seasons.

rn non-maize systems, the main feed produetion adjust-
ment was i.n the area of pasture topdressed with nitrogen in
autumn (taute 11.21). rt 1s possible that if higher 1eve1s
of production per cow were assumed, there could be greater
adjustments in these systens, perhaps in the quantity of pasture
silage conserved. rn the two all-grass systems, not detailed
in table ar.27, there was only one possible adjustment besides
those already discussed. That was the area of pasture conserved
as silage. rn both GRASSA and GMSSB, maximum silage was con-
served in all below-average rsumrnersrr while minimum silage was
eonserved in above-average ilsqnrng.;grr.
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TabLe 11.21 Feed produetion adJustnents for variable
seasons - systens without maize.

172

Autunn pasture
nitrogen

(rra )

Pasture sll-age
Area fuantity
(tr") (t)

GBASSN

S'DN(

BB

ru
m

MB

la{

MG

GB

clu

GG

0

1

2L

T6

5

0

11.4

rt.1
11.4

22.7

22.7

22.7

2r.3
22.7

22.7

110

90

90

3a

30

30

79

79

79

I
0

0

2I
2T

2t

t2
21

22

BB

G,T

BG

56

56

56

78

69

66

[{G

MT

MC

GB

CM

C'O

26

13

0

16

0

0

8. t-

8.1

8.1

15.1

16.1

16.1

L7.9

16.1

16.1
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Table Lr.22 Feed produetlon adJustments for variable

seaaons - systems with naize.

Artr:nn
pasture N

(ha )

Pasture siJ-age lfiaLze area
area Greenfeed Sil_age

(ha) (ha) (na)

I,ERCIOV

[,tZSDX

rREE

30
30
28

29
L2
T2

2t
t2
o

l_1
11
11

11
7
7

l-1
7
0

27
24
22

2L
18n
21
t9

9

BE
E{
BG

MB
UM
MG

GB
ed,t

CG

BB
BU
BG

MB
M[
MG

GB
GIrf

e'G

BB
rus
[{B
M{
ilffg

Gts

GM

C'g

0
0
0

0
0
0

1.9
1.9
1.9

4.9
1.9
7.t

4.9
5.1
6.7

5.t
,.L
5.L

5.1
5.L
2.9

,.L
1.6
3.3

t2.o
1.6
1.6

2.0
2.0
2.0

8.0
4.O
1.O

1.8
1.6
2.1

2.3
2.3
2.3

2.3
2.3
4.5

2.3
1.O
,.7

9.6
7.1
6.L

7.?
4.8
r.7

7.7
7.7
7.7

7.7
7.7
5.5

7.7
5.0
1.3

r_1.0
11.0
l_l-.0

11.0
11.0
8.1

11. O

8.9
5.6

0
0
0

0
0
0

0
0
0

7.7
3.6
4.7
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rn systens with maize, the additional potential adjust-
ment was to divert maize fron silage to greenfeed on the
assunption that naize silage alreatly in storage ancl not requir-
ed could be carried over for a further year. rn both ly1zRcl,ov

and IvIZSDx systems, substantial d.iversion of maize to greenfeed
occurred. only in MG, Gil{ or GG seasons, that is in an above-
average xautumnil followirrg an average frsuamerrr or where above-
average ttsumersrt were followed by average or better rrautumlsrr.

Adjust'nents nade by the less cr>nstrained FREE systen
serve to i-ad.icate what kind of strategies and structure
miniraize decreases in produetion and ineome even though the
adju,st'ments thenselves might be r:nrealistic in a practical
systani- The major adjustment in feed production concerns
cereal silage which increased from a nominal 6 t in an average
season through 35-15 t in trfB, Efirrt and BG seasons to 90 t in a
BB season. The extra cereal replaced sub clover ard sudax.
Feed quality was naintained partly through increased use of
meatseal but mainly through a larger area of pasture, ar1 of
which was grazed. This latter result is sonewhat surprising
in that, of all forage sources, pasture yierds are the most
variable in frautunnrr and at least as variable as any other in
'rs11suertt. The stability offered by this structure of pasture
with crcp silage is even more pronounced than tables 11.12 and
11.2'0 suggest. Lower variabir-ity in production and gross
marg.in is largely the result of better perfo::rnanee in below-
average aeasons whereas reaction to above-average seasons was
sirnilar to that of other systerns.

The main purpose of this set of experiments was to test
earl-ier eonclusions under different clirnatie conditions. rt
is apparent that in both physical and finaneial performance,
rankings of the systerns were unchanged. This finding adds
strength to earlier conclusions regarding the roles of pasture
nitrogen, cropping, eonservation, sunrner-growing grass, and
higher yielding forage.
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Two other conclusions are inportant. Firstly, it was
shoun that increasing cropping and eonservation and pasture
nitrogen reduces the effects of poor seasons. secondly,
greater use of crop silage to combat poor seasons requires
greater use of higher quality forage, pastr:re in this case,
to offset lower erop silage quality.

11.9 EFFEcrs 0F COI{SERVATI0N 0N DAr'|pINc SEAS0NAL VARIABILITY

rn the main experinent dealing with seasonal variation,
the yield of silage maize was asslmed not to vary with season.
rt was reasoned that since most of the maize silage fed in a

variety of systems was fed before L,trarch JO, when maize is
assumed to be harvested for silage, the silage must deri.ve
frcm a crop in the previous year. However, variation in yield
of silage maize, even if independent of cu*ent seasonal eon-
d:i.tions, may be expected to result in a greater variability of
forage supply than previously assuned. an estinate of the eon-
tribution of silage maize yield variability would be useful on
two eounts. Firstly, it shoulit provide an assessment of the
clegree to which the main experiment on clinatic variability
naisrepresented a more realistic situation. second, it should
pr,ovide an estimate of the value of disconnecting, to some

extent, feed supply fron cunent seasonal conditions.

rn each of tlre nine plans derived for lv%cER in seetion
rL-7' therefore, maize silage yields of 9.015 and r1,ggi t per
har2 were substituted for the previously assumed. yield of 11.95
t per ha. Possible adjustments in these re-optimizations were
llnited to the sarne extent as in the previous section. rn the

12 Conputed as for greenfeed maize in seetion 11.8.2.
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case of IlzcER, these eomprised autuun lnsture nitrogen, meal
feeding, lactation length, plane of nutrition and forage
allocation to cows. This gave a total of 27 solutiorrs,
enabling two main comparisons:

(a) Between the mean of 9 solutions with constant maize
yield and the mean of 22 solutions with independently
varying maize yie1d. This estinates the extent to
which the previous assumption of eonstant yield r:nder-
estimates the varlability of this system.

(u ) Between the mean of 27 solutions with independently
varying maize yield and the mean of 9 of these
solutions where maize yield varies with other forage
yields as if the maize was beirrg grown in the c'*ent
season. This compari.son estimates the extent to which
variability is damped by storage of conserved feed from
one season to an independent, subsequent season.

some details of the physical adjustments made are shown
in table l.]-.23. As in the previous seetion, most of the feed
production adjustrnents were relatively minor and variation in
forage yields was aecornmoilated through ehanges in feeding
pattern and consequbntly milkfat production. No pasture silage
was made in any of the 22 solutions and the only forage detail
not shown in table rr.23 is the occurrence of surplus cereal
silage (up to 33 t) in some of the above-average seasons with
high naize yield.

The two comparisons referred to above are summarized in
table rr.21 and figr:re 11.9. The first eomparison indicates
that assuming constant yield resulted in only slight over-
estimation of mean gross margin and mean nilkfat production
(tatl-e Lr.21). under-estimation of variation was only slight-
1y greater and would amount to a difference of only $5OO.0O in
net ineorne of a 50 ha farrn at a probability of one year in ten.
These small differences are taken as justification for the
decision not to vary silage maize rreld in other systems.
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rt has to be recognized that maize silage in the IvlzcER system
fomed only about 20 pereent of the total feed supply and that
tbese sinr'lifying assumptions could perhaps not be applied
where the feed in question comprised a larger part of total
feed supply.

Table 1f.23 adjustnents made in the lvfzcER systems for variable
seasons.

DairV Autr:mr
neal pasture N

(t) (ha)

Days in ltrll-kfat
nilk production

(tg 
"o"-t )

Itfiaize
Yielcl

I(t rra-- ;

BB

9.OI5 MM

GG

7J-.95

14"885

BB

I\,M

GG

Dtr

MM

GG

20.8

0

0

o.7

0

0

0

U

0

10

10

29

1.O

20

0

10

20

o

228

262

267

231

267

267

267

267

267

13/r

t51-

]-75

t38
161

t77

151

161

]-78
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Table 7r.21 Effects of seasonal variation on variability of
I,IZCER performance with maize yield constant,
varyirrg with cument season, and varying indepenclently.

Maize Yield

Constant Varying
independently

(n=9 ) (n=27)

Varying with
current season

(n=9)

Gross nazgin
($ na-t 1

Milkfat
(tg h.-')

Milkfat
(kg 

"o"-t )

Total forage IM

(ks ha-t )

lslean

s.D.

Iow (P=0.1 )

Hieh (P=0.1 )

Mean

S.D.

Low (P=0.1)

Hieh (P=0.1)

lvtrean

s.D.

Mean

S. D.

555

71

1q
616

509

/+2

155

563

161

r3

l.1380

722

5ro

75

151'

616

,06

42

1r0

56/,

160

I3

T13BO

660

,17
85

138

656

,o/+

lr5

116

562

tou

11

L/r/r8O

877

S.D. = standard deviation

The seeond comparison indicates that storage of feed
frcm one year to the next had only minor effects on mean gross
nargin and nilkfat production but a greater infl_uenee on re-
ducing variability of gross nargin, if not variability of pro-
duction (tabte r!.24). Figure 11.9 shows that the reduction
of variability was manifested primarily in autumn, refleetirrg
the fact that, in these systems, maize silage was largely fed
at that time. rf the differenee in slope of the response to
variable autumns is taken as a measure of the damping effeet
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fron year to year, the average effeet was 1.6 e

50 ha fa::m, about $1000.00. Again, were maize

component of the total diet, the effect woulct

some extent.

11.10 EFFECTS OF CHANGE IN COST/PRICE RATIO

fhe objeetives of subjeeting systems to.different
eeonomic conditions are twofold, as in the previous two
sections.

(a) To test the robustness of earlier conclusLons about
agronomi c -type questions.

(o) To indicate the types of system which best withstand
adverse econornic conditions. There is no intention
here of deriving detailed optinal plans for an un_
certain future.

As a first step, an unconstrained system was re_
optimized for a range of roilkfat priees. conparisons of pro-
fitability between the reoptinized plan and the original plan
under the new eeonomic eonditions gave an estimate of the
henefits of reopti.urizing. Because of the flexibility of an
rnconstrained system, sueh an estinate is a maximum since the
potential adjustments are unlinited. rf the benefits of re-
optioization rrnder these eircumstances are small, then there
is scarcely any need to reoptiur-ize more constrained systems
when econonic ci.reunstanees change.

In table l-I.2r, it is clear that although ehanges in
nilkfat priee resurt in large changes in gross margin, the
effects of reoptimizing are sma1l exeept at the very extremes
of price ehange. rn absolute terms, the effects are snaller
at low milkfat prices than at high ones. These results were
taken to justify the next step of recalculating, without re-
optimizati-on, gross margins of a range of systems at lower
milkfat prices.
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Table l-]-.25 Effeets of nilkfat price on g?oss nargin on an
unconstrained systern with and without reoptinizai-
ion.

Milkfat
priee
($ ks- )

Gross nargin
of $1.60 plan

Gross nargin of
reoptinized plan

Differenee

($ rra- ) (%)($ na- I ($ rra- )

1-O0

L.20

1. /+0

t_. ou

1.80

2.OO

2.20

280

38]-

1.82

583

681

78'
886

303

390

187

,83

693

8l.2

93r

23

9

I
z

1

1

3

5

9

27

45

Table .Il-.26 shows the recaleulated gross margins,
together with economic far"n surplus. rn both these ealeulat-
ions, gross margin and nirkfat produetion at $1.60 are the
loeans of the nine seasons of section 1r.7. Economie farm
zurplus (EFS) is defined here as

EFS = GR-CFE-CDE-I{A where

Cfi = gross revenue from nilkfat sales,
CIE = cash feed expenses,

cDE = other cash and depreciation expenses; assuned
here as $1/1091 for a 50 ha farn,

[,fA = managerts allowance of $62/10,
and is the effeetive return to capital.

Deereasing rnilkfat price
higher-producing systems so that
profitability differences, both
systems (tatte l.I.26). A second

had the largest effeet on

one effect was to compress

absolute and relative, between

effect was to render four
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systems unprofitable (negative EFS) at a 20 percent lower nil_k-
fat price and all systems r:nprofitable at a 40 percent lower
mirkfat price (taute rr.26). chenges in rank were the third
effect. Almost no rark ehanges resulted from a 20 percent
change but at the lowest nilkfat priee there were wholesale
ehanges in rank resulting in SIJDAX havirrg the smallest losses
and I{ZCER the largest.

-tr1though this last result suggests that r.mder econonic
stress grazirg systms perform better than conservation
systems, both I\,fZSDX and IZRCLOV, systens incorporating con_
siderable conservation, were ailmost as effective as suDAX at
low nilkfat prices (taUte l-I.26). Av""qed. over the fu11 range
of priees, IVIZSDX was the top ranling system.

Table 11.26 Effects of rnirkfat price on economic perfornance
of a 50 ha fa::rn.

GROSS MARGIN ($ NA-I; ECoN0I,!IC SURPLUS ($)

IrrlF priee $1.60 $1.28 $0. % $1.60 $1.28 $0.96

GRASSA

GRASSB

GRASSN

SI]DN(

NIZCER

hIZRCLOV

ilIZSDX

152

18r

509

51/,

5r,
,60

574

3/16

372

379

107

387

410

/+I8

2/rO

zoJ

2/-9

27A

.LY

260

262

zz9u

2'.7'79,

5180

oYv4

768l-

glt 1
a?< a

-237/, -7718

-1718 -7222

-1259 -7787

73 -679r
-387 -853r

3r2 -7192

811 -6981

Together with the consister-tly 1ow ral]<ing of all-grass
systems, this result suggested tha*" a curbined crop-grass
systern incorporating moderate conservaticn might be the most
resilient in the face of worsenins econoric conditions.
support for this suggestion was fcund b;; examining the physical
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aspects of the r:nconstrained systen previously reoptinized for
a range of nirkfat prices. The resr:lting farn plans are out-
lined in figure 11.10 and their ptlysical and econonie perfo:m-
ance sumrarized in table ]-I.2?.

Table 11.27 Effects of rnilkfat
characteristics of

Pasturel Forage
nitrogen Dlil

(&g ha-r ) (kg r,a-t )

priee on optimal physieal
an unconstrained systen.

Stocking Milkfat Gross
rate margin

(eows h"-t ) (tg r,-t ) ($ t.-t )

Milkfat
hic'e
($ ta-')
1.00

1.20

1.40

1.60

1.80
2.@
2.2A

I3L1O

r3560

I1r/+O

!5570

163zo

r8230

]-8r/+O

2.73

2.8r
2.96

3.r/,
3.32

3.61

3.69

75

85

l-.T'
'l An

150

I'O
150

13e

/-53

177

505

53/+

586

595

303

390

187

583

693

812

93r

I See table 11.1 for an explanation of the u:rits.

lbe main features of the farn plans were the
relatively constant total crop and pasture area and the increase
in crop silage area with increasing nilkfat priee. As with the
seasonal variability experiments, pasture fu1fi11ed two separate
ro1es, one as a eheap energy souree, the other as a eheap, high
quality supplenent to silage. The former was relatively mor"e

important under adverse economic conditions and the latter
under favourable conditions.
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Results in table 7r.27 show that there were considerable
charges in physical aspects of production as nilkfat price
varied. As nilkfat price increased, extra forage was produced.,

to be consumed by more, fr:11y-fed cows. Thus, even though it
was shoun above that reoptimization hail only minor effects on
profitability, there are considerabl-e production benefits to
be gained fron changes in system structure as economic con-
diticns improve. The corollary is that the eeonornic incentives
to male sueh charrges are very sma11 rrnder the present assrr:nptions.

11 .11 StlO,tARY

Earlier sections of this chapter sought to test the
effects on Northland dairy feedirg systens of some alternative
forage sources. among these were pasture nitrogen, conventional
forage crops, grazed and eonserved, as well as less orthodox
possibilities such a sub-tropical grass. .[11 were shown to
have value in particular circrmstances.

These prelininary conclusi.ons were confirred and extended
unden economic arrd elimatic conditions different from those
in:it .al1y assumed. rt remains to place these conclusi.ons in the
eontext of field research options and priorities, the subject
of the next, concluding ehapter.



CHAPTER TWELVE

IMPLICATIONS FOR RESEARCH AND GENERAL CONCLUSIONS

12.I II.ITRODUCTION

Ifte previotrs ehapter dealt with specifie experiments
and thei,r resril-ts. Although a good nany researeh alternatives
were implfed there, it remains to draw then together here as
an irr;f,q3ated statement. rn addition, both conventi.on and the
fact that the study was solicited and supported by a physical
reseialeh organization require an evaluation of modelling as an
actire adjunct to field researeh.

L2.2 SYNTHESIS AND EVALUATION OF ALTERNATIVE DAIRY FEEDING

SYSTEMS

one objective of the study was to do this synthesis and

evaluation through nodelling. This section outlines the ob-
jectives of the Northland dairy forage feeding systen project
as they existed at the begiruring of the study and indicates
how they lnve been modified, subtracted from and added to
dr:ring the modelling project. The objectives of the field
prograsl are talen nainly fron Tay10r et a1. (tgzgc) and from
discussions with those involved.

12,2.1 FEEDING FOR HIGHER PRODUCTION

Low production per cow in Northland was ascribed to
poor feeding on the basis of observed cow condition. A major
field research priority was to derive some input-output
relationships describing the response by cows to various
systems of improved feeding.
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Modelling had two roles to play here. First, it was

possible to show the relative importance of feed deficiencies
at various times, assr:ning certain feed supplies and feed
demand patterns. an illustration of the seasonal pattern of
rel-ative feed scarcity for three systems is given in figure
L2.1. A11 systens have periods of relative feed abr:ndance in
spring and late autumr while GRASSA and suDrJ( have a period
of relative scarcity in sumer or autlmr. There is an inter-
esti:rg co*trast between c'RAssA and ITfZCER in that while the
fo:uer gives a very poor mateh between cow d.emands and feed
supplies conpared with the latter, it has no quality problems.
MiZCtR on the other hand has liniting erude protein from
Jmuary 13 to April 20 and limiting energy density from
Jar,riuary 13 to April 6. Drring this period the IVIZCER plan
ineludes a high 1eve1 of crop silage feeding.

Figrire 12.1 shows elearly that an all-grass, 1ow con-
senration system (CnnSSA,) aid not eope well with the feed
demand pattern of the lactating cows even though the laetations
were 53 d.ays shorter than t}re 267 days of other feed supply
systems. High shad.ow prices of feed during February through
April indicate where feed is nost lirniting arld where attempts
to improve feeding night start. The sarne curve suggests the
gai:es frm any alleviation of feed scareity during this
su$wer-autr:ron period night be quite liraited because of similar
scareiti.es in Juty-August (see figure 12.1). However, when

this ehemge nas nodelled, as for instance by changing the feed
supply pattern to that of c'RASSB with its rnuch higher pasture
silage potential, the optimirn number of eows decreased as
produetion per cow increased, so that the relative scarcity
of winter eonpared with s.uruner feed did not increase.

The consistency of this kind of result throughout the
modelling study reinforeed the conelusion that rurder most

ci.reumstances, sr:rnmer feed supplies remained the most important
limitation to system productivity and profitability.
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The second role of nodelling higher production per cow
was to indieate the plrysical and economi.e effects of various
strategies ained at peruitting higher production. rt was

clearly shown that al-rnost all strategies were successful.
rncreasirrg pasture silage alone resulted in an extra 22 kg MFper
cow and, despite a lower stocking rate, an extra 25 kg MF per
ha. Addition of pasture nitrogen to this all-grass system
resulted in an economie increase in stocking rate while nilkfat
per cotr inereased slightly. Grazing crops and conserved crops,
either alone or in embination, produced fr:rther economi.c
increases in stocking rate.

Beeause the model was able to consider the whole 12
mont'h grroduction period at once, evaluation of the effeets of
imp*oving seasonal feed supply was nuch more cornprehensive
tha:l otherwise possible. an instance of such integration was
in tlre 1eve1 of conservation experinent and in seasonal
variability experiments where meal and silage were frequently
fed in late lactation. such a policy would be uneeonomic were
it not for the other meehanims, included in the mode1, of
firs't^ly, maintaining cow condition and avoiding the penalties
assoeiated with regaining that condition during the dry period
and secondly, bridging a feed deficit between two periods of
relatjve plenty.

T2.2,2 TFFICTS F PASTURE NITROGEN ON SYSTBI PERFORMANCE

comparatively simple budgeting can be used to demonstrate
that nitrogen on pasture is 1ike1y to be economic under some

cireuristances. Assuming a pastr:re dry natter requirenent of
25 kg per kg nilkfat, a milkfat price of 91.60 per kg (as in
this study) and a utilizable pasture dry matter response of
15 kg per kg N, a brea-keven cost of N is $0.96 per kg. However,
such calculations have very limited validity despite the
reasonable nature of the assumptions. Responses of pasture to
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nitrogen, and of nilkfat produetion to pasture, change

seasonally depending on clirnatic environnent, stage of lactat-
ion and grazing pressure. pollard (tgzz) used a linear pro-
grenming model to eope with sone of these changes and was able
to show a variety of pasture-based fa::n plans for the lrflanawatu

that eould use nitrogen economieally.

The present study extendeci the analysis to eope with
the effeets of plane of nutrition on cow liveweight and the
eff,ects of other, interaeting forage sources. Further"more,
the :resul,ts have been expressed not only as farm plars but
also in terms of breakeven responses. rt was shown that
pasture nitrogen, particularly when applied in late winter and
late sumer, eould be used extensively to i.ncrease stocking
rates and nilkfat production. This was shown to be tnre for
a variety of systems, nitrogen usage on pasture actually in-
creasing as forage cropping increased. Illhen these conelusions
were tested over a range of seasonal conditions and a range of
milkfat prices it was shown that although late suuner pasture
nitrogen usage was somewhat sensitive to clinatic and eeoncmic
conditions, late winter usage was very consistent.

Since the agronomi.c assumptions regarding pasture
nitrogen were fairly arbitrary and could only be justified for
very limited periods of the year, it is clearly inportant to
define nitrogen response fr:nctions for pasture. such fr:nctions
would ideally include elinatic and edaphic conditions as well
as the physiological state of the pastr:re and its capacity for
growth.

A najor field study to define pasture responses to
nitrogen in Northland was begun by plant physiology Division
of DSrR in ]-979 as a first step in defining these functions.
An ideal future would see informaticn from these field
erperirnents being progressively incorporated in a rnodel such
as the present one. That could be done either by speeifying
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a complete natrix of responses related to pasture stage and
ti.me of year, as i.n Pollardts (tgZZ) study, or by iterative
optimization following definition of respcnse fr:nctions for
periods of the year when feed is scarcest, as in McRae (DZA).

12.2.3 EFFECTS OF IltILTED, FINE-CHOP PASTURE SILAGE

siJ.age hss adrmonly been used in New zealard dairying
as ain alternative rnainfsnance forage to hay. rt has nostly
been made from mature pasture of low d.igestibility and ehopped
and srsiled fairly casua11y. The result has been material of
pclor quality resulting in 1ow inta-ke and poor responses. rt
was argued (Taylor et al. I979c) that with minimal intervent_
icn in exlsting managenent systens, it would be possible cn

most Northland dairy farms to make high quality pasture silage.
lnstead of a naintenance forage, it was postulated, this
material could be used in nid-late lactation as a production
feed. This was seen as a particularly inportant option for
farsns where, because of soil linitations, cropping would not
be feasible.

By the tine of this study, field testing had already
shom the validity of the general argument. Nevertheless,
the rnodeLling work was able to explore the interactions between
pasture n-itrogen and pasture silage, on the one hand., and

between pasture silage and forage crops, on the other.

Pasture silage was shown to be an essential part of
all-grass systerns for high production per cow. Although
pasture nitrogen was apparently not essential for this 1eve1
of per cow produetion, it was shovsn that its use eould enable
an extra 3o t of pasture silage to be rnade with a eonsequent
17 percent inerease in stocking rate.
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The interaction between pasture silage and forage cropp-
ing was conpletely dorninated by maize silage. where maize
silage was available, all plans used it to the a'rmost total ex-
clusion of pastr:re silage, presr-mably a reflection, in part,
of the nuch higher yield of maize silage.

72.2.4 POTENTIAT OF A SI'MMER-GROI.IING PASTURE GRASS

The search for a sub-tropical pasture grass arose
originally f:rm the notion that in nany parts of New Zealand
a plant with a c'+ carbon fixation pathway would 1ike1y na.ke

better us€ 'of, soil moisture during sunmer than the traditional
C3 plants (nf'!"tctrett 1966; Kerr I9T5). The concept was

originally aqrylied to forage crops such as naize and sorghum
but was late extended to more orthodox pasture grasses
(Taylor et al. I976e, IgZ6d,, 1976e), partly as a response to
the disappearance of paspahm from most Northland pastures.

Mode.Lling showed elearly that a sumler-grow-ing g?ass
could have l.arge effects on produetivity anil profitability.
This result lent considerable weight to a decision to pursue
more actively the evaluation of susmer growing grasses.

This proeess of prelininary data eorlection followed by
rnodelling to help evaluate the results was a useful illustrat-
ion of the benefits of interaction between nodelling and field
research. Favor:rable results Justify the collection of more
detaileil data and more detailed modelling could again evaluate
the results.
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12.?.5 EFFECTS tr FORAGE CROPS

Forage cropping was originally seen as a means of in-
creasing total forage yield above the apparent ceilirrg set by
ryegrass - white elover pasture (trlitctrett 1963, 1966).
Mitehell (1969, 19?o) proposed a combination of double cropp-
ing and hearry use of nitrogen fertilizer as a mea.rls of greatly
increasing nil-k and beef production.

This eoncept vas nodified by Taylor et a1. (f979c) to
i-neorlxrrate as a principal objective the improvement of
seasonal- gatterns of feed supply. rt was envisaged also that,
in contmst to some of the earlier proposals for cropping-
only s;ystems, forage cropping in Northland would be integrated
with grazed pastr:re and grazed, crops.

Modelling showed that a variety of systems incorporat-
ing forage cropping could give substantially higher nirkfat
production and profitability thart all-grass systrms, a finding
that per'a1le1ed the develolment of three different successful
systerns in the field (Taylor et a1. I979e).

Grazing crops were shown to have a consistent role in
cropping sysbems, despite lower than naxi_unrn yields of
utilizable nutrients. This was a result of the high costs
associatecl rrith eonservation, costs only justified substant-
ially by naize, with its high yield and its high nutritive
value at maturity.

The naximrim extent of forage crop used appeared to be

lfurited more by dietary guality constraints than by economic
faetors. Because pasture was by far the most eeonomical high-
quality supplenent to silage, cropping never exceeded about
65 percent of far:sr area, though as a fraction of diet, forage
crops reached 75 pereent.
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Both energy density and protein density of forage erops
were limiting. The future may see cheaper or more effective
protein supplements in the fora of fishneal but it is
difficult to imagine an energy-rich supplenent which would not
have more economical uses i.n more direct application to hrrnan
food. That being the case, the only means of inereasing cropp-
irg above the limits mentioned above would be to forego sone
production per eow. rn the present eeononic context that would
not be a profitable alternative.

The importance of maize silage has previously been
referred to. Modelling systems with naize silage has shown
that, more so than other crop forages, it can enable much
greater flexibility in feed supply pattern. This is so because
its relatively high energy density enables it to be fed at
almost any stage of lactation.

Or the other hand, it was shown that storing 20 percent
of total feed supply frm one season to another had very minor
effects on either mean or vari.ability of production ald pro-
fitability eompared with using feed in the same season in which
it has grown.

For a forage of such potential importanee as maize
silage, it is important to define those characteristics which
make it valuable to the system, thereby giving agronomie
research a focus within the chosen crop. study of nodel
reaction to changes in assumptions about maize yield, energ-y
density and protein content made clear the importance of the
first two characteristics and the relative r:nirnportanee of
protein content. rt was shoran that the effects of the first
two were relatively similar when expressed on a metabolizable
energy basis so that the decision about which aspect to tackle
in research becomes based on the potential variability in eaeh
eharaeteristic and the ehances of influencing -t,hose

characteristics by genotype selection or by environmental
modification.
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The role of legune crops deserves particular nention
because of their potential role as nitrogen fixers for
succeeding gramineous crops. several systens incorporated
a legr:me in rotation with maize, sorghr:m and cereals. Their
selection as potential forage sources clearly involves some

a priori assumptions that legumes would be useful both as

dietary protein sources, and for their nitrogen-fixing
capacity. ?his siudy has concernecl itself $rith the former,
to the eemplete exelusion of the latter. rn estimatiag costs
of forages no allowance was nade for the nitrogen contribut-
ionr of tLe legr:nes, so that legr:nes may be more valuable than
the solutions indicate. To assist evaluation of legume

nitrogen contribution, it eould be useful to estimate the
per:aIties assoeiated nrith forcing a legr:me into a system.
ThSs was done only with red clover where the legrme was

fo:rced into an otherwise optinal systern to the extent of 18

percent of fam area. The cost was 9328 or 937.04. per ha of
red clover. At a nitrogen value of $0.60 kg-l the red clover
would need to contribute the equivalent of 62 kg N ha-t yr-l
to nake its presence economie.

Regardless of their potential va1ue, several rotations
predi.cted here, and elsewhere, are not fu11y tested, either
fo:: feasibility, or for eost. Doubts regarding feasibility
are na.i.ntr-y in the area of timeliness of plantirg and harvest-
irrg in double cropping sequenees; they are 1ikely to be

resolved only by the developrent of adequate direct drilling
techinology - a problem of researeh and develoDmenr.

L2.3 MANAGEMENT LIMITATIONS OF PROPOSED SYSTEMS

Many of the structural changes discussed up to now imply
changes in rnanagement. These changes have been assumed to be

feasible and effective but the validity of that assumption for
the rnore important changes requires some discussion.
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L2.3.1 CROP MANAGEMENT

It has been assumed ttrroughout this study that erops
and pasture did not rotate with each other. The linited areas
on tJpical Northrantl dairy far"ms that are suitable for cropp-
ing forced this assr:mption, despite the probabllity that
rotatiqg crops (gramineous ones at least ) witn pasture would
be the safest way to preserve soil struetr:re and fertirity
(?aylor and Hughes 1976). Some of the systems in this study
have croppirrg progirarns which are by no means proven.

L?.3.? GRAZIHG I',IANAGEMENT

Ore of the effects of eropping and conservation is
that, to the extent that land is taten out of the grazing
area' so stocking rates on the renainirg grazing area are in-
creased. The effect is magnified when, as a consequence of
an increase in tota1 forage yield, total stock numbers are
also i,ncreased. stocking rate estimates in table 12.1 show

tbat there is a twofold to fourfold increase in maximum stock-
ing rates between all-grass and forage cropping systems. In
nodelling such a situation, it is usual to assume, as have

PorLard (tgzz) and lllright et a1. (19zo), tnat eonserved feeds
are fed before grazing ecrrunences or that stock are held off
tbe grazing a?ea for an appropriate tirne. Both those
assrmptions have been made here so that stock are assumed to
cormenee grazing with only sufficient appetite or sufficient
time to graze their greenfeed ration.
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Table 12.1 Maximrrm stoeking rates on grazed forage
(cows t"-t )

Ju1-Sep 0ct-Dec Jan-Apr L,tay-Jurr

GRASSA

GRASSB

GRASSN

sttDff(

ldzcER

lxuRcr.ov

L{usDx

MEE

2.73

2.22

2.60

3.38

3.95

3.73
5.10

7.83

2.73

3.09

1.17

3.38

3.95

1.t1
5.10

1.97

z.4u

z. zz

2.60

2.70

3.95

3.62

3.82

1.97

2.10

z. zz

2.60

3.38

3.95

4.83
4'rn

7.83

rn reality, very high stocking rates may present novel
problems of grazing management, espeeially on pasture, where,
for both agronomic and aninal husbandry reasons, a specified
residual yield after grazing is desired ( Brougharn r97o;
M.A.F. 1976). c1ear1y, these potential problems ought to be
expressed as grazirrg pressure in the sense that uaits of
appetite (measured as liveweight or some funetion of liveweight )
per unit of forage (measr:red as dry matter or energy) is an
ind'er of pressure that is not specific to a particular stock-
ing nate or forage yield. At very high animal densities,
there may also be social effects on grazing behaviour. rt
nay be concluded that any development of systerns incorporating
a significant 1eve1 of eropping will require deveiopment of
managenent teehniques to mininize untoward effeets of high
stock densities on limited grazing areas.
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12.4 RESEARCH PRIORITIES

An objective of this study was to develop research
priorities for the field research program. One neans of
begirrning this process is to calculate systen benefits frm
increases in forage yield and rank forage sources aceordingly.
using this approach, it was concluded that short term returns
wouLd be greatest if researeh was eoncentrated on grazing
forages, particr:larly perennial pasture-t5rpe forage s ( trrtitter
1980 ).

However, as indieated
benefits would in nany cases

that d.iscussion, potential
reduced by weighting the

1n

ho

estimated benefits by the area potentially suitable for the
forage. Many other weighting procedures eould be applied,
sone objeetive, some intangible, some within the bor:ndaries
of the systems rnodelled, some outside. In addition, there
are possible research avenues which do not seek to increase
forage yield. Many of the considerations of this type which
would be necessary in priority allocation are elearly the
province of those who will be condueting the research ald
would be outside the competence of an external rnodeller.

Nevertheless, some generalized priorities can be staied
without too much presr:nption:

12. 4.1 PASTURE GROI,ITH

There is a clear need for more infomation regarding
seasonal patterns of pasture growth and the linitations involv-
ed. Perenriial pastr:re oecupies a central place in existing
systems and in any alternative systems considered in this
study. The roain reasons for this are low cost and high quality.
rt is therefore essential, when synthesizing new systems in the
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future, that patterns of grow-bh ancr quality are well defined.
These patterns need to be defined as functions of environment
ald management, rather than as averages across r:nlrnown

variations of both. Ervironmental variation should encompass
soil factors like drainage and nutrient supply as well as the
more usual cl-inatic variations between years and sites.

Qomprehensive deseription of growbh and quality patterns
would also grovide a better basis for design of conservation
and rrixrogen applieatica: strategies, both shown here to have
potential value.

L2-4.2 ALTERNATIVE PASTURE SPECIES

The potentially high value of moistr:re-efficient, sunmer-
growing forages alluded to in chapter 5 have been confirmed
in this study. Henontlwin, a,tti,stina, sudax and maize were each
intrortant eomponents of higher-producing systens. As well as
lorv eost, pasture types of forage have the particular merit,
not specified in the nodellir€, that they involve the least
di"sruption to present management systems on dairy farms.
Furbher, the introduction and development of new genetic
naterial can lead to improvements in fa::nirg which require few
other new inputs to sustain then. The species evaluation work
whieh has led to the selection of H. o(t$aina and Se.tortia
aphaul-a-ta should therefore be naintained or expanded.

12.4.3 HIGH ENERGY CROPS

Crops with high DM yields
greater than about g.5 [4I IrrE kg-t
featured prorninently in nodelled
yield through increase in either

and with energy densities
in the forage as fed

systems. fncreases in energy
DM yield or energy density
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have been shovm here to be of equivalent and high value. an
important priority is to nake these crops, partieularly
silage maize, more reliably productive because, although high
yields are hrown to be possible, variability of yield appears
to be high. Developing better silage maize varieties, in
particular, need not be very expensive since a good deal of
improved genetic material must become available fron large
breedilg prograns in Er:rope and North .America.

Tro ftrther considerations apply to this type of crop.
Firstly, they will require high 1eve1s of soil nitrogen whieh
may have to be met, in part at 1east, by rotating legr:mes.
Seccardly, regular double cropping will require adequate
min:fnr:m tillage technology. an integrated research and develop-
ment, prograln involving engineers and agronomists will be

reqarired to develop such technology.

12.5 EVALUATION OF THE MODELLING PROCESS

It is difficult to inagine an objective means of
esti*ating the effects of an exercise such as has been attempt-
ed .here. on the one hand, there is no para11e1 but 'runtreated,
reseanch program for cmparison. o: the other hand, the stated
attiiudes of those involved. need bear no relationship to the
actual effect, however objectively the attitudes are assessed.
t/ltright, et al. tnZA) noted sinilar diffieulties. A11 that can
be done here is to note some of the syurptoms of success and.

sorne aspects of the approaeh whieh have not been well-
developed in the literature.

L2.5.1 SO{E POTENTIAL ROLES

hogress in defining those aspeets of technology whieh
night repay research have been discussed already. whether
modelling is the most efficient means of this kind of system
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analysis eannot be decided here. l{here it was efficient was
as a means of assenbling knowledge from diverse disciplines
and sources i-nto a coherent representation of a dairy forage
feeding systen. As with nost other modelling studies, the
assembly process revealed areas of ignorance. some of these
areas are more irnportant than others but 1t is tbe more
general conclusions that are outlined here.

(") Despite the imprecision with which nany biological
events carr be predicted in the short term, modelling
at a leve1 of organization and detail somewhat coarser
than specialists would like has il}:ninated aspects
of systern behaviour whieh are not generally amenable
to intuition or practical desk calculation.

(b) A possible corolrary of identifying sensitive areas
is that these areas should perhaps, themselves, be
nodelled to refine the focus of technological research.
In contrast to physical experimentation, model ex_
perimentation offers a completely controllable en-
vironment where variability, instead of being blanketed
out by experimental d.esigns which seek to provide
very sinplified models of reality, can be progressively
assigned to explicit aspects of system and sub-systern
structure and function.

(c) Modelling agricultural systems at any particular 1evel
of organization or detail illustrates the need for
better roodels at lower leve1s of organization. These
needs are probably also apparent to those who do no
modelli:.9, but without a eoherent context, such as a
system nodel, the only rational response is to eall
for more research in general tems, a ea1l that implies
exponen--ial increases in research activity.
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12"5.2 LIMITATIONS AND ADVANTAGES OF THE APPROACH

Again, eoneern here is with general aspeets of the
approaeh rather than with technieal details of the modelling.
Several aspects can be noted:

(a) Coneumence of the study with a fi.rnctioning, well-
defined research program had a number of features
worth outlining. Firstly, a well-definecl research
progran facilitated the development of a model

with well-defined objectives and boundaries, a factor
argued in chapter 1 t,o be inportant. Secondly,
whatever information was available was readily
accessible ald could usually be ehecked against raw
data and memory, no trivial natter according to Wright
and Baars (L97r). Ore disadvantage is that some

experiments will always be incomplete, tenpting the
modeller to wait for more irrformation. Thirdly,
validation procedures can appeal to a variety of
people assoeiated with the research prograrn. Their
current involvement in the program is 1ike1y to
rnaxinize their power and motivation of critieal
evaluation of the mode1.

(b) The fact that the modeller was an outsider to the
research program and to the particular research
organization had advantages and dLsadvantages. The

disadvantage of ignoranee and r:nfamiliarity with the
production systen was countered, to some extent, by
the neutrality of the modeller. This found express-
ion in the modelling as a reluctaace to aggregate
parts of the system which could be validly left
separate and a reluctance to impose subjective
eonstraints based on il1-defined notions of aggregate
behaviour. Perhaps the chief dlsadvantages 1ie in the
lack of eontinuity and the diffieulty of an outsider
becoming rea11y involved in developing research
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priorities. For this reason, nodelling as an aid
to research planning would probably best originate
fron within a research gr.oup.

(c) The time involved in interdisciplinary cooperation
and continuous interaction between mode1, nodeller
and real research program was a real lirnitation.
Despite the speed with which experiroents can be con-
dueted on a roathematical model, the real tirae in-
volved in model developnent, testing, evaluation,
experimental planning, dnd result interpretation,
;rsuch of it iterative, lirnited the modelling process.
In particular, the development of formal Turing-
t;6ae tests for validation purposes, a procedure

rthat ought to become standard practice, would have

required more time to be spent on the validation
phase of the modelling. In addition, development

of quantitative research priorities beyond the 1eve1

attenpted here would certainly have required more

extensive experimentation with the nodel.

The extensive time required for thls kind of inter-
aetion between modelling and research program has

been noted also by Wright et a1. (tgZO) Uut often
has not been explicitly eonsidered where the node11-
ing has been isolated frcn the research prograra in
spece or time.

(d) Many of the agrononic da-.a for Northlald were collect-
ed fron a very linited ::'.:nber of sites in only a few
seasons. Many measureme::*,s had been made under only
one system of managemen'" and at only one or a very
few times during crop growth and development. The

uncertainty deriving frc* these limitations would be

relieved by data collec:ion with extrapolation more

in mind.
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ore means of guiding the collection of more generally
useful d^ata would be to use some kind of model as a
framework (Mcpherson et a1. lrgTg). But there are
two other kinds of hedges against infor.nation being
too specifie.

Firstly, although measurenents ought properly to be
eoneentrated orr what are 1ikely to be key areas in
the gresmt agLd. near-future contert of use, scme

measurements ougbt to be nade in areas which con_
ceivab\r could have futuls inEortance. An example
is a silage crop, where most measurements will be
e,ci4lcentrated around assuned optirnr:m harvest tine.
T:here nay be circumstanees of season where the
parameters of an unconventional end-use would be
mone easily estimated if some estimates of crop yield
aad quality were made at intervals during the vegetative
stage of grow-bh.

Seeondly, a more general hedge would be a better
urderstanding of crop growth and development as in_
fXraenced by edaphic and climatic circumstanees.
T.his is not to say that every variety trial ought
to attenpt to explain differences in dynanic ter:ms
but that fewer field experiments ought to be conducted
and they ought to include more measurements of both
envircnrnental faetors and crop growbh and developmenr
(e.g. see Collis-George and Davey 1960), espeeially
with the variety of nultivariate analyses now widely
available (e.g. Kendall I9?r). An example from the
Northland work is the study of crop growth cu?ves
from serial plaltings (Taylor et al. 1976b). Such
understanding would ease the difficulty of extra_
polating forage perforrnarrce in space and time.



202

L2.6 CONCLUSION

This study has taken place on a number of different
leveIs. At the top of the hierarctgr was the researeh system
which, it was postulated, could be influeneed benefieially
by systens noilellirig. Next were the anirnal produetion systems,
the subject of the case study research program, whieh, it was
postulated, could be notionally nanipulated by means of a

nathenatieal model-. At a lower 1eve1 stirl were the biological
systens which cmprised the animal produetion system and which,
it was post'ulated, could be described nathenatically. Fina1ly,
there saa an infomation system, info:ma1 though it may be,
whichr, it, was postulated, could provide the concepts and

numbens of the biological system.

Each postulate has been satisfied sufficiently to in-
fluenee the research systen at the top of the hierarchy
(Taylor et a1. 1979e). rt has proved possible and beneficial
to synthesize and evaluate alternative dairy feeding systems,
the Jiirst objective of this stud.y. The second objective,
develolment of research prioritles, has been less well
fulfiIled because the noodeller was external to the research
progr?&. However, the proeess of interaction between a field
researcb progran and a modelling progran has been a valuable
one. ft would be more valuable stil1 if taken up on a con-
tinuing basis by any cross-disciplinary research program.
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APPEI{DIX A: tfOOEL TIME PERIODS

Period nrmber

1

2

3

1

5

6

7

I
9

10

l_1

L2

T3

a
t,
16

t7
18

L9

20

2T

22

23

21

2'
26

Startirrg date

July 1

L5

29

Arrgust 12

.26
Septenber 9

23

October 7
2t

November 1

18

Decenber 2

16

30

JanuarXr 13

27

February L0

21

Ivfareh 10

21

April 7

2t
}Iay ,

19

June 2

16
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APPENDIX B: EC0NO,IIC ASSUMPTI0NS

Petmanent pastr:re
(nerr t9?6a)

Fertillzer Q,5't,/\a

Oversowlng $35 /!O years

Weed control g5/5years

Total variable costs

Pasture silage productlon
(geff I976a; A.C. Irnes,

Harvestlng

Stacking $8.n/r
Total variable costs for

for

depreciation 5fr ot
interest 10f of

Wagon

depreeiation 10f, of
interest l0l of

Total variable eosts

unpublished)

1.2t,/ha

3.6 tt\a

( $/rra )

30.50

3.r0
1.00

35.@

( $/tra )

45.OO

80.00

75.OO

($/t)

0.70

4.00

0.50

1.00

t.t7
1.17

8.51

2.

3. Silage storage and feediag
(neff I976a; Taylor et al_. L979e;
Wallace t978)

Cover

Feeding (labour and tractor)
Bunker capital

$10.00

$10.00

$11.70

$11.70



1. Silage naize production
([,rar rgzz)
Orltivation
Seed

Fertilizer
Planting
Inseeticide
Herbicide
Ilanrestlng

Total variable costs into br:nler

z

( $/tra )

50

30

100

20

30

30

t3o

390

6 Greenfeed maize

(f.f. Lowe, B.J. Ridler;

Cultivation
Seed

Fertilizer
Planting
Insecticide

Total variable costs

Sudax

(Taylor et a1. I979e)

Total variable costs

( $zha )

personal connwri cation )

10

30

32

11

20

]-33

( $zha )

t33

( $zha )

53

36

2t
t5

t25

t*

252

6.

7. Winter eereals and mixtr:res
(ruAr 19?z)

CuLtivation and pl-anting
Seed

Fertilizer
Pesticide

Total variable growing costs

Harvesting and stacking silage

Total variable costs into brur.l<er



8. Red clover
(MAF 1g? )

Tear 1:

Seed

Cultivation and planting
Fertilizer

Year 2 and 3:
Fertillzer

Total variable growing eosts/3 years

Control:
150o grazing half days @ $0.40
in the following pattern.

Cost ($/ha)

1.10

o.71

6.83

6.91.

7.L9

6.78

,.36
3.e3
2,90

2.90

2.83

2.61

2'52
1..68

,.57

( $/ha )

2T

52

35

($Aa)
t29

9/,

35

r.78

Period

08

09

11

t2
L3

L1

t,
16

17

18

t9
20

2t
22

23

Total

Iiarvesting, storing and

60,00

feedlrg bay

January

February



Winter legume

Cultivation and drilling
Seed

Total variable costs

I\lrnips

Cultivation and planting
Seed

FertiLizer

Total variable eosts

Concentrates

rvrAF ( t977)
Meat meal

Conplete dairy meal

( $/ha )

z)
t)

;

( $/ha )

15
X

37

( $/tce )

n2n
n ]C

10.

11.
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APPENDIX D

NOTES

I ilE--PR0SESSUR

FREEDATA

0 r0l - ELAP5ED s

btr7u0/f la0 TrqP0
vLHSIUilr 2c.600r000

bUI,JUUI I

NAI'tL
ktiHsu LxNL{) IL LANUOZL LAhU03L LAr-l[.,04L LAnL05L LAnL06L Lhlrl;Ult LArrgQoL LAnLiU9L LANb l0L LANti t IL LArr0lZL LArtU l3L LANU14L LntLl5L Lan[16L LHrrg 17
L LANDl8L LArr!19L LAtrD2UL LAhL2lL LAlr[22L LrrrlJ2JL Lirn[t24L Lriir0 ?)
L LAt\026L PLr.r010rr FrisSSi
L PLuC40lL PLU(J506t PLu06u7
L Pt-u(i/Ubr PLu0609
L Put,[t9 1 ttt Pr-u10llL PLullltL PLu1213
I PLtrl]1q
L PLul415
L PLU I > 16L PLUI617L Pr-u 1716L PLUI619
L PLU I 920

L.

2.

The natttx listed here is an example only. It may not correspond in every
detail with the generalized description given in Chapter 9.

Explanat,ory material rel-ating to the matrii can be found in r.UatrLx
details of a Forage Systems Research Modellr, Technical Discussion Paper
No 17, Department of ^Agricultural Economiesr. and Farm Managenent, Massey
University. The paper Ls availahle upon request.
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APPENDIX E

MODELLING THE COI{TRTBUTION OF I.'ORAGE CROPSTo p,RoDucrroN, pRoFrrABrLrry AND sregttrif -oF
NORTH ISTAND DAIRY SYSTEMS

C. P. Mu.r-en
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