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ABSTR.-iC'f 

In the·absence of quantitative data from the prac ti ca l 

farJr; situation , Linear Prograrruning (L.P.), was used as a frame­

work for collecting resea r ch information on an intensive beef 

grazing system. 

Three hundred pasture production activities were defin.;ed 

so that pasture was availab l e for grazing at two grazing sever­

i ti es i n  e ach of 30 per iods throughout the year, after a ra nge 

of sp e l ling lengths. Seve llt een supplementary feedmaking act­

i vit i es allowed hay or s ilage to be made over the late spring, 

ea r l y summer p e riod . · Supplementary feed could be fed out 1n 

any period o f  the year sub j e ct to the constraint that per 

animal intake of supplementary feed did no t exceed maint enan ce 
re qui remen t. 

Animals con si de red by t he model are Friesian bulls 

purchased at three months of age, and 100 Kg. livewcight, and 

grazed within the system for 12 18 months, until they reached 

a livewcight o f  380 Kg. Animal requirements were calculated 

as a function o f  liveweight and level of livcweight gain. 

These requirements were expressed in terms of pasture dry 

matter per animal, and we1·c adjusted for assumed changes in 

the avz--1.ilable energy O.!.E.) content of pasture throughout the 

ye ar . 

Although the model could not be ve rifi ed in relation to 
the real-life situation , due to lack of quantitative data, the 

capabi li ty of the model for solving farm management proble ms 

was investigated. An i terat i ve p rocedu re for so lving the 

stocking-rate decisi on was developed, and results presented 

and analysed. The use of the model for investigation of beef 

farm manag ement problems was discussed. 

. ' 

' 
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CHAPTER 0 NE 

NOTIV.i\TION, OBJECTrfl� AND OUTLI.NE Of STUDY 

1.1 Introduction 

The amount of beef produced in New Zealand has increased markedly 

in the past decade. Table 1. 1 shows t..lJ.at the Height of beef exported. 

has nearly doubled in the period 1963/6.4. to 1972/73. The F.O.B. value 
of beef exports has increased over four times in that period. 

\.Jhile the mrnbcrs of traditional beef animals have increa sed over 
this period; much of the increase can be attri buted to tJ.1e retention of 

surplus dairy-bred calves for beef production purposes. Slaughter 
statistics do !lOt d:i..fferentiate beb1een the heifers and steers of tradi­

tional beef ori.:;in (e.g. Hereford or Aberdeen Ang'J.s ) a;1d those .:lllim"lls 

bred from the dairy herd (e. g. Friesiar1 or Friesian Cr0ssbred). HO\·!Over, 
the numbers of bulls slaughtered, presented in Table 1.2, illustrate the 
trend to\.,rards dairy br8d animals. In the 1967/o8 kilJine seo.so:1, 

practically all of the 771000 bulls slaug�tered Here cull breedi:1g bulls 

from the dairy indtl:;;try. The increase to 258,000 bul1.s sl:::..utSh-vcr8d in 
the 1972/T3 season Has aJJnost entirely due tr.J the retr.mti.on of cL1.ir,'l bred 

bulls for beef production. 

l1any of the increased number of beef an_i..mals DOH era/�ed in Hm.,r 
Zealand, are intensively grazed on farms that Here previously dairy farms 

or fat- lamb fartns. 

1. 1.1 Inten sive Grazing �terns 

Stocking rate 1 class of animals grazed and t.'le interval bet1..reen 

movement of ru1i�als to fresh pasture (grazing interval), are three of 
the control measures exerted by the manager over a�i:nal int.:lke and pastu!'e 

regrowth. These control measures can be manipulated by the grazine 

systems manager in 9.11 attempt to equate the at'lount of feed eaten with 

ani:nal feed r�quirements and to take account of factors kno\m to be 

import:lnt in affecting the re.::;roHth of pasture 1 espec.i.ally the h�igbt 
to which pasture is grazed and ·t.."'le interval bet.o�een su:�cessivc grazings. 
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Table 1.1 

Ai'10UNT Al'ID VALUE OF BEEF EXPGRTS FROH NEW z:t-:AL.A.IID 

Year Ending .21 June Amo1Jn t__i_,._OOQ__ c w t) Value ($,000 F .OJ;Ll 

1964 2,14.8 51,698 

1965 2,17.3 51,576 

1966 1,798 1�,812 

1967 1 '91+6 58,725 

1968 2, 195 75,462 

1969 2,457 101 '260 

1970 .3,302 143,277 

1971 3,376 159,663 

1972 3,516 178,250 

1973 3,842 229,435 

(Source: Agricultural Statistics, Dept. of Statistics, 19bJ/64 - 1972/73) 

Table 1. 2 

Year Ending 31 Octob�r 
1968 

1969 

1970 

1971 

1972 

1973 

Nw:tber-G..Q_oo) 
76Q7 

94.2 

132. 1 

170. J 

2.33.5 

257.8 

(Source: Agbrief, Economics Division, Ministry of Agriculture 
and Fisheries, October 1g72, OcvJber 197.3) 
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1. 1. 1 Intensive Grazi:.r1g Systems (Continued) 

.�'�.lthough there is no com:non1y accepted standa r� · by wr.ich the 
relati ve intensity of a gra zin& system may be measured , intensive 

· grazin g systems are characterised by high stocking rates and the frequent 

movement of animals to fresh pasture (rotational grazing ) . Intensive 

gra z ing systems are associated wi�h a high degree of managerial control 

over animal· intake and pasture regrO\o�th. In comparison with le ss in-

tensive grazing systems such as set-stocking, rotational grazing systems 

have frequently been associated with higher stocking rates ru<d inc reased 

animal output per unit area. 

1.2 l1otivation For This Study 

The author worked for 15 months in 1971/72 as a farm advisor in 
the North Taranaki area. Many far:nor.s at that time had either v:holel:y 

or par tially changed over from runni:1e dairy cattle to far:ni:1g systems 

involving the production of beef. Far:ner experi ence wi tn intensi ve1y 
grazed dairy production sys tems and the suitability of 'L'l.eir land for 

intensive rotationally grazed systems, .b.ave contribu ted to the evolu.tio:1 
of inteDsi vely grazed beef pro duction systerns . 

Lattimorc ( 1970) ru1d Lowe ( 1971) inve.stiga ted t�1e reasons -.,hy 

farmers clB.ne;ed to  beef pro due tion from dairyine ru1d sheep farming re-

spectively. These studies cited a better outlook for beef prices 
relative to dairy prices on world markets at that time, and reduced 
labour requirements of beef fami:1.g compared ,,i th sheep or dP...iry farm­

ing as reason for changing farming systems over to beef prodl.t.ction . 

J�we (1971) and Latti�ore (1970) also investigated �he profit­

ability of beef production in relation to sheep and dairJ farning systems 

on case 3tudy farms. Under a wide range of prices and far.nirLg corLcli tiot"!s 
they concluded that beef production was an economica lly viable al terna ti ye 

to both dairying and sheep farming. 

While the findings of Io1o�e ( 1971) ru1d Latti.more ( 1970) may be 

valid, many of the production relationships involved in beef production 
systems based on the intensive grazing of pasture r01nain unknown�( � ) 

( 1) A detailed a ccount of the approaches used by l!J1-1e and I..atti:nore is 
given in Sect. 2.3.1. 
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Because of the lack of published informa�ion on many seemingly important 

relationships . ( e. g. the relationship betHeen available pas ture a...YJ.d 

""' pasture intake ) the comnarison of one farmer 1 s system Hi th others , in 
·:!<(' 

i 

the hope of recognizing managerial deficiencies and be ing able to sugges t 

more economicall y efficient sys tems , is at best a rather hazardous task. 

To evaluate the effect of management on beef produc tion using a 

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

1.  accurate� recorded management decisions they had 

made throughout the beef production process . 

2. measure d , or at least estimated, and recorded 

intermediary system outputs (i. e . pa sture production 

and daily li veHeight gains ) . 

At th� time tr...is study was in:i tiated, many beef fanners had 

started regular weighing of beef ani:nals to estimate daily Ji veHeight 
gain throughout t he ye ar. Very feH, hoivever, recorded accurately the 

management decisions they had made (areas ?f pasture grazed, rotation 

length), and virtually none mPasured or estimated either pasture grov:th 
rates or the amow�t of pasture available at each grazing . 

In these circw:�stances the co ncept of "systems research" and in 
partic ular the const ru ction of a mathematical model of t.l-J.e systet:J in 

question, is recogni�ed as a means of aggregating the information that 

is knotm about beef production syste:ns and also as a means of conductin£$ 

some preliminary investigatLons into the effect of grazing management 

on beef production. 

1.2. 1 The Systems Research Concent 

Dent and Anderson ( 1971) state that: 

"a system implies a Gomplex of factors t.l-J.at are interrelated, 
it implies inte raction between these factors, and it implies 

that a conceptual boundary may be erected a.cound the complex 
as a limit to its organisational autonomy11 
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Clearly, where a farmer, or someone investigating a beef production 

system is concerned , the 11complex of factors11 referred to above \vill at 

least include cmimals, � asture , an area of land supporti.r1e that pasture , 

climatic factors and market factors, as well as all the interrelat.ion­

ships that may exist between these factors. 

Dent and Anderson ( 1971) continue: 

111'1os t situations that may be profit ably looked at in 

this light have important dynamic elements associated 

with thern, so that the state of the systmn is time-

dependant. 1be state of the system is also frequently 

influenced by uncontrollable elements so that its future 

outcomes cannot be predicted Hi th certa.inty. 11 

Br.>.8f procbction systems are 11dynamic11 in the sense referred to 

above slnce the state of the system at any point in the production pro­

cess is dGpendant on the outcome of decisions taken prio r to that point. 

For examplE:, the pastu.r·e available at any time Hill boar some relation­

ship to the area of pasture grazed und the pasture residue at previous 
grazings. Also the J.iveweight of the animals at aJ'lY time depends on 
the level of liveweight gain achieved earlier in the production process. 

· The "uncontrollable elernents11 Hi thin a beef production systera are the 
climatic and market factors which affect the amow1t of produce to be 

sold and the value of that produce. 

\.fright ( 1971) has used the tenn systems research to: 

"encompass all ac tivities involvi ng the study of large 

and complex systems". 

To overcome problems with tenninology wright defined attempts 

to modify systems by either manipulating relationships Hi thin exis ting 

systems (control ) or designing completely new systems (design) as 

Systems Synthesis. In order to carry out ei ther the design or control· 

aspects of systems synthesis, it is necessary to study in det.-'lil re-
lationships involved in that system. This study has been referred to 

by ltlright ( 1971) as Systems Analysi s . 
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��alysis and Synthesis were viewed by Wright (�971) as di stinc t 

,, 
but interdeperidant c omponents o f  systems res earch sinc e the demand fo r 

� analysis was created by synthesis and the results from analysis to be 

o f  us e ,  had to be subj ec ted to s om e  fo rm o f  synthesi s .  

/ 
While the design and contro l  are clearly aspec ts of systems 

synthesi s ,  the analysi s phase of sys tems res earch c an also be divided 

into two di s tinc t aspe c ts ; aspec ts that are di s tinc t in thei r timing 

Hi th regard to systems synthesi s . This di vi sion of systems analysis 

is shown in Fi.g. 1. 1 .  Any re search pro j ec t  Hill lo gically begin wi th 

a s tudy o f  the components involved in the sys tein being studied and re­

lationships between thes e  components (refe rred to in Fig. 1 . 1 as Compo-

n ents Analysis) . Gi ven this info rmation, some attempt can be made to 

modify the system by ei the r :  

1 .  i11troducing new c omponents into the sys tem . 

That is , de sign , as defined by Wright ( 1971) 

e . g . the in troduc tion of a summer gre en- feed 

c rop into a g ras s-based production system . 
o r  

2 .  manipula ting relationships between c omponents 

in the sys tem . That i s , c ontrol, in �/right ' s  

( 197 1 ) defini tion, e .  g. a] tering the length o f  

spell betwe en grazings . 

o r  

3. some combinatio:1. o f  1 .  and 2 .  

Having made suc h modifications the res ea rcher \.fill then b e  inte res ted 

in s tudying output from the system and relating this output to the SJstem 

as he has " synthesiz ed" i t, ( refe rred to as Output Analysi s  in Fi g .  1 . 1 ) .  

The res ea rcher might then be inte res ted in further ana lysing the c omponents 

and relationships \vi thin the sys tem to see hovT o utpu t may be furthe r im-

proved. The res earch pro c e s s  of Com_t)onents A .. 'l.a lysis , Syn thesis and Output 

Analysi s , then becomes i tera ti ve and continues fo r as long as further 

unders tanding and impro vement o f  the system is requi red. 

This expansion of systems analy3i s i11to component and output 

analysi s i.c; p res ented s o  that analytical aspec ts of res earch may .�e _  
discus sed i n  this s tudy i n  a mo re specific manner. rhe term Sys tems 
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1 . 2 . 1 The Sys tems Res earch Cone �� (Continued ) 

-� Ana lysis wi ll be us ed ou1y Hi th reference to bo th component and output 

analysis . 

In prac tic e , vJright ( 197 1 ) s ta tes sys tems re s earch i s  charac teri s e d  

by a syste1ns o ri entation , an interdi s c ip linary appro a c h  and the us e of 

systems mod els . 

That problems should be s tudi ed in re lation to the whol e  system 

(sys ter.1s o ri enta tion) is genera l ly Hell ac c epted . For example , s tall-

feeding expe riments involving beef animals may be n e c e s s ary in determining 

the feed requi re•nents of beef animals . However ,  unl e s s  some atterr:pt i s  

ma.d e to rela te these results to the grazing si tuatio � ,  they may be o f  

little u s e  to the ma j o rity o f  New Zealand beef p roduc e rs . 

Bee a us e of the complex nature of at;ri cul tu ral grazing sys ter:is , 

research into the various c omponents of sys tems has b()come rather 

speciali s e d .  Fo r cx:1n,:lo2 , a. dai ry s c i enti s t  tenq.§ to be trained l n  
an d wo rk s  on, matters pertaining to anime.ls · and in particulE. r dai ry 

animals . 

trlhile thi s specialisati o n  may be nec e s sary f o r  the analysis 

a spec t o f  re s earc h ,  synthe si s ,  a s  d.i s cus s e:d a':::lov8, rel i c s  hea.vi zy on 

an interdisciplinary approach i . e .  a cooperative effo rt betHeen a.>1imal 

scienti s ts a."ld plant s c i enti sts !!!� come c lo s er to definine fac to :r·s that 
affec t the utilisation of pas tu re by gra zing anim:J ls , thc• n one or o ther 

o f  the two vie\-1ing the subj ec t. as a purely " plc. nt" or " animal" p roblern o 

Both a systems o ri entation and interdisciplina ry:. -res ea rc h  are 
acc epted by res earch wo rke rs as nec e s sary ,  and to an inc reasine extent 

are part of the current agricultu raJ res ea rch effo rt in New Zea land. 

lfutt.on ( 1973A.) v!hi. J e di s cus sing hi s approach to experimentation on 

grazing systems s tated : 

11 1t  i s  a rn a.tter of es ta.bJishing >Jha t  the really it�!l'O rtan t. 

things are and measuring them .  Thi:1gs such as feed 

erowth and distribution , sys tem of c onse rvation, when 

to feed back'  animal requi:!:·ements ' when they re.n be varied_ 

etc . . . . .  11  
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The third charac teri s tic of systems research mentioned on the 

previous page , systems modelling, is however, neither widely acc epted 

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

1 . 2. 2  The Usefulness Of HathernA.tical Sys tem Hodels 

Wright ( 1971 ) distinguishes between the descriptive and normative 

us e of models in systems resea rch . In its descriptive application 
a model may be us eful as a means of reducing the re"ll-wo rld system to 

manageable p ropo rtions and focusing attention on aspec ts where knowledge 

is limited, and to generally gain a better llilders tanding o f the system 

unde r  study. Hodels are used in a no rmative fa shion to solve problems . 

In thi s applicati o n ,  mode ls are charac te ri s ed by some obj ec tive fw·1c tion 

which allows the analy st to evaluate different decision rules for an 

exi s ting o r  new sys tem . 

Joblin ( 1970 ) while reviewing the nutrition and managem ent o f  

beef c attle unde r  New Zealand condi tions ,  sugges ted tha t detai led re­

searc h work is needed on thP. fe ed requi rcrnen ts o f  the va rious types and 
c lasses of beef cattle for maintenance and p ro du.c tio11 . He also sugees ted 
that mo re re s earc h  is needed on the feeding value of pasture fo dde rs a.'ld 
c rops . Mathematical rno dellin5 o f  feed requi reJJ.cnts and feed produc tion 

data c ould be used to desc ribe a range o f  p romi sint:!," management systems 
\vhic h  could then be tes ted by large farrnle t- type exp e riments . Data 

collec ted from these 11 expensi ve 11 management trials on t."h.e p ro duc tion 

parameters involved would recognise variatio n from the original models 

and be us ed to co rrect future modelling exerci ses .  

The establishment o f  a. research plan as suggested by Joblin ( 1970 ) 

(involving
.
the complementary use of  physical and model res earch ) may prove 

beneficial to the gathering of info rmation on beef production systems . 

However, uDtil such a research pro g :ca11!l!1e is attet:tp Led, the ac tual advan-· · 

tages of modelling in determining management systems to be investigated . = 

by physical research can only be subj ectively assessed . 

In tr..is s tudy ·the author realised at an earJ y s tage that the 

unavailabili ty of  sui table data would lirni t the degree of reality o.n.d, 
usefulness that the model could achieve , particularly Hi th relation. to 
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Joblin 1 s ( 1970 ) sugges tion o f  de fining "promising mane.gemen.t sys tems'' . 

The modelling exe rcise ho1..reve r ,  do es pro vide a fro.meHo rk wi thin \..rhich 

knowledge about beef pro duc tion c an b e  di scu ssed ; and areas in which 

further knowledge i s  required , can be out1incd. Data lin:i tations in 

the c ontext o f  a model bui lding exercise are no mo re of a p roblem than 

they are at the fann level VJhere manager:1ent decis ions have to be, and 
are ,  made eve ry day. 

Furtherm o re ,  the c ons truc tion of a rr.ather.-tatical mo del ( 1 ) based 

on avai lable info rmation, will alJ oH some expe rimentation to b e  carri e d  

out to inve s ti gate the effe c t  o f  u:anagcm e.YJ.t o n  beef p ro duc tion. In 

particu lar, the e ffec t of length of t:pell between grazing and the height 

to •rhich pas ture is grazed are i nvcs tic;ated in this s tudy . l.-Jhile the 
results o f  this experimentation are no t " real" in tlw. t they a rc obtB.ined 

from a mo del of the real si tuati on , they can be di s c u s s e d  wi th regard 
to the info nnation on whic h  the model is based , 11nd c o mc;ent can be made 

on how the rr.odel may be us ed if mo re info rmation Has a vo.i lc-cble . 

1 . 3  Objec ti ve s_ O f  Th '3  Stu dy 

The prirn e  obj ective o f  this s tudy is to inves tigate the compo11.en ts 
wi thin a beef p roduc tion sys tem . The lack o f  qual'l-t.i ta.ti vo da V.:l . .':tvaila bl e  
from farmers invo lved \vi th beef pro duc tion has p romp ted the us e o f  a 
mathematical model as a means o f  m ee ting th..i.s obj ec tive . 

A s econda ry obj ec tive i s  to consi d er the usefulnes s  of mathel!1a tical 

models , and in particular linear proeramwing mod els , as a fr.::Wl e;.ro rk fo r 

collec ting the info rmation known abou t  grazing mane.g ement sys tems , 

(desc riptive ) and fo r d e riving improved management sys tems from the 

results of experimentation wi th the model (no mative ) . 

1 .  L:. 1'hesis Outl ine 

Chapter THo outlines the particular S,Ys tem s tud:i.ed, and the 

-------------· -------·-----· 

· ( 1 ) The ac tuul mo del us ed , and alternati ve s that may ha':e ·been used, 
are discus sed in Sec tions 2. 5 and 2. 6. 
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components of that sys tem . Res earch \vo rk (bo th physical and in the 

11Sys tems 11 context) on the componen ts is exrunined. The type o f  mo del 

used in the s tudy is presercted and discus s ed in relation to o ther types 

of mo dels that may have been u s e d .  

Chapter Three discus ses the pas ture p roduc tion c omponent o f  the 

system and outlines hO\..r the avai lable knowledge is inc o r}10 rated into 

the model. 

�ro parti cular aspec ts of animal pro duc tion are di scu s s ed in 

Chapte r Four, and the m e�1od by which they are included in the mo de l 

is outlined. These two aspec ts a re the u ti li s ation o f  avai lable 

pasture by grazing animals , and the conversion of pas ture in-G:=t.ke to 

animal pro du� tion.  

Chapter Five pres ents the results o btained from experimentation 

wi th the model and di s c usses the type of experiments that may be run on 

the model. 

An evn.}uati.on of the s tudy v:i th regard to i ts go als and the 

limi ta ti ons o f  the appro ach used a re pTes ented in Chapter Six . 
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C H A P T E R  T \11 0 

THE BEEF GRAZI:--JG SYSTlli! 

The components and interac tion between components involved in 

beef pro duc tion are di scus s ed .  New Zealand res earch wo rk on pasture 

produc tion and th e feed requi rements of beef animals are exar:1ine d .  

Mathema ti c al modelling exerci s es are di s cus s ed in relation to 
grazing management re s earch , and the usefuliws s  of Linea r Prograrni!<ing 

as a means o f  as si s ting this res earch i s  outlined . 

Finally , the mo del used in this s tudy is bri efl;y desc ribed . 

2. 2 Compo nents Of The Gra<:ing �j,g.m 

As in o the r a nimal gr2.zing sys tems , the basic mn.nagement pro blE:D 
in the produ c tion of beef from pas ture i s  one of ma tc h5 ... ng the feed 
supplied '"i th e.Dimal requi rem en ts s o  that the farme r ' s  goals c. re !net. 

Whi le maximi sing net p ro fi t from a fixed area o f  land i s  o ften s tated 

as being the fann e r  1 s go al, thi s need no t always be so . The ex tent 

to Hhi.ch any partic u lar fann er attempts to maximi se p ro fi t  will be 

dependant on his avers ion to ri s k ,  the extent to VJhi ch he is prepared 

to adopt new tec hno logy ,  and the amo unt of time he is prepared to put 

into the farming ente rpris e . 

It i s  po s sible , at leas t conc eptually, to us e mo delJing to 

devi s e  a m anagement sys tem that me e ts any particular farme r ' s go al . 

This s tudy i s  conc e rned wi th inve s tigating all the c omponents of beef 

grazing sys tems in o rde r that the effec ts of pas ture management on beef 
produc ti on may be eva luated; in particular the number of animals that 

can be run und er different systems of pas ture management is s tudied. 

The components o f  p ro duc tion Hithin a simplifi ed dry land ,  �ll 
gre.s s ,  beef pro duc tion system are shown in Fig .  2. 1 .  The c: o!npo!!e�ts 
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Fig. 6.1 
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2. 2 Component Of The Grazing Sys-t_em ( Continued ) 

are c la s si fi ed ·into three time- ho riz ons \.Ji c.h respec t to the time p e riod 

o ver whi ch the grazing sys tem manager may alte r them . 

In the long- term the manager may alter the sys tem boundari e s  

o f  a..r1 area o f  land a..r1d henc e the topography and soi l- type on Hhi c h  the 

sys t em i s  ba s ed .  Between produc tion years (medium- term ) the manager 

makes some decisions on the pas ture speci es present, the amo tmt of 

fertili s er to be appli ed , and the number ��d type of animals to be 

grazed. Wi thin p roduc tion years . ( sho rt- term ) , at inte rva ls as short 

as one day in many cas es , the manage r  attemp ts to control the amolli1t 
and quality of pa s ture made available to the animals , Hhich in conj unc tion 

wi th the cmount o f  feed ac tually eaten , wi ll dete rmine the ani!;'lal p ro­

duc tion achi eved . 

Exac tly hO \·J the manage r  s hould mc..nipulate thes e  components to 
achi eve hi s go al i s  complic ated by two cha rac teri s ti c s  o f  intensive 
grazing systems . Fi rs tly the inte rac tion over time o f  the ccu1pon ents 

of bo th animal and pas ture p ro duc tion, and secondly the unc e rtc.:.inty 
introduced into the sys tem by c limatic <md mark e t  fac to rs 1-1hi c h  9.re 

largely outs i d e  mar..ngerial contro l .  

2. 2 .  1 Inte rac tion Of The Sys tem Cor:!poncnts Over Till!� 

The dynamic nature of a.n intensive beef grazinG sys tem is di s cus s ed 

belo1v , as suming that the long and m edium- tenn system components outlinGd 

in Section 2. 1 are fixed and no supplementary feed ( e . g . silage ) is made . 

Fig, 2. 2 p resents the interrelationships between va1��bles that 

dete .�·mine animal produc tion in som e short period '' t" , of the year. 

'lhes e  interrelationships may be desc 1�bed by the foll01ving sys tem o f  

equations : 

L" 
�·�9 

At X Dt ( 2 .  1 )  Avt = 

\ ')�y.Q_� Yt ::: f 1 ( Av ·  D t , Qt,, Ant ( 2 . 2 ) -c. ,  ....__.l (nt 
= C t 

Ut, 



= 

= 
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Yt x nt 

f2 (Yt, Qt, Ant) 
Pt x nt 

where for period " t" 
Avt = To tal pas ture D . M .  available 

At = Area graz ed 

Dt = D . H .  I Uni t  area 

Yt = D . M . In tBke I Animal 

nt = Number of animals 

Qt = Pasture quality 

Ant ::: Animal fac to rs 

Ct = Total D .H .  consumed 

Pt == Pro duction I Animal 

TPt = Tota.l anim B l  prcduction 

( 2 . 3 ) 

( 2 . 4 >  

(2. 5) 

The variables Ant, Qt, and Dt are �'  s ta.te vari ables" in that they 
are de termined by management decisions in prevlouc periods , The va riable 
At is a "decision variable n  in that the manager mus t decide th8 a rec-. to 
be gra zed in period "tn . 
is considered to be fixed. 

The number of animals Hi thin the sys tem (nt ) 

Now in some subsequent period of the year " t  + k" '"he re : 

"k" number of periods befc re pasture grazed in period 
1 1 t11 is grazed again 

T = the climatic factors that affec t  pasture grO\-rtJ1 
over thos e "k" periods 

Dt + k = g1 (Rt, k, T) (2. 6 )  
Q t  + k = g2 (Rt, Wt, k ,  T )  (2 .  7 )  

lll1.t + k = t + k tLpi (2. 8 )  i = 

then the management decision made in period 11 t11 on the area of  pas ture 
grazed (At) c learly affects .:mimal produc tion in period, "t + kll , sinee 
the " s tate variable s "  of the sys tem in period. 11 t + k11 are dete:.cmin8d "j..n 

part by Rt, l-Jt1 Pt ( frol!l Bcruation 2. 6 - 2 .  8 ) .  F'rom •I<'ig. 2 . 2  i t  c c:u1. be 

. ·  
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2 .  2.  1 Interaction Of The SYstem Components Ov-er Time ( Continued ) 

seen that fft and Wt, are determined by the " s tate vari :.bles" in perj.ocl 

11 t11 and the area of pas ture grazed (At ) in that pe riod . From equations 

2. 1 - 2. 4 Pt is also determined by the decision on the area graz ed (At) .  

?.. , 2 .  2 UncertBj.nty Wi tl1j_n The System 

As menti oned in Sect. 2. 1 Th�certainty is intro duc ed into the 

sys tem by clima tic and market fac to rs . 

It has been i llustrated in Sec t. 2 . 2 .1  that the dec i s ion to eraze 
a c ert'lin area in any period is based on kno1.,rledge of the sys tem ' s  s tate 

variable s in that p eriod and the likely outcome of that deci s ion on 

s tate varia.blcs in subs equent periods . The c limatic fa c to rs repre 3 en ted 

by T in equations 2. 4 - 2. 6 are no t Jmown ••i th c e rtainty when the planning 
exercise is unde rtaken . The extent to which the manage r 1 1 hedge s 11 ae:rins c 
unknO\.m future c limatic c ondi tio11s , pa rtic ula rly tho s e whi ch may re sult 

in reduc ed pas ture JroHth, wiJ 1 depend on his kaowledge of ho;.r the sys tem 

is likely to reac t, and hi::; ave rsion to ri sk . The decisions 011 th·..:: area 

of pas ture to be grazed in any perio d, and hence the amount of pasture 
avai lable fo r fu tu re grc..zings , and the number of a..YJ.irr.als gl'azed Hi thin 
the system , w i ll vary dependint; on the particula r manage r 1 :J  s tc. tc o f  
knowledge and av ersion to ri sk . 

As sh own i n  Fie.  2 .  1 the valu e of produc tion from the sys tem i s 

de te rmined by the level of produc tion that has been achi eved up until 

the time of sale and the market fac to rs that exis t Hhen the sale is made . 
Henc e , in some periods of the year , the manager caus t mE!.k e a deci sion on 

ei the r s elling animals under the c urrent kno�tm market fac to rs , o r  grazing 

them wi thin the system fo r further periods \·Jhen thei r value wi ll be 

deterrnined by unknown future market fac to rs .  Tl!e s e lling decision "'ill 
depend on farmer goals , aversion to ri sk and knovJledge o f  h0\>1 the market 
is likely to reac t. 

vlhile the analysis of the dynamic nature of the grazing system 

discus sed in Sec t.  2.2 . 1 as swned that animal m.uo.bers remained c ons tB.nt 

the selling deci sion in any one pc:::-iod will affec t animal produc �iQ�1 {� 
• 

future periods 1  since the amo un t  of pas tu re conswned v;j_ ll be affec ted 
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by the numbers of ru1imals pres ent in the system. The effec t o f  pasture 

consumed ( Ct ) on the s tate variables o f the system in subs equent pe riods 

has been discuss ed in Sec t .  2 .  2 .1. 

2 . 2 . 3 Summary Of Sy:stem Components 

The intensi ve beef grazing sys tem has b e en shovm to be complex 
in the number o f  c omponents and interreJ ationships b e tween c ompon ents 

it c on ta.ins . The manipulation of system c omponents by the manager in 

an attempt to meet his goals i s  compli c a ted by t-1-J.e inte rrelationships 

b etween componen ts o ver time and the unc e rtainty intro duc ed by clirr.atic 

and market fac to rs .  

2 .  3 Res earch_JJo:rk On The Cor� nonents O f  A Beef Gre.?.ing Sys tem 

Sec aus e of the relative insign i ficanc e of intensive b e � f  p ro­

duc tion as a fo rm o f  fanning in Hew Zealond in U10 pa st,  res e arc h re­

lating specifi cally to beef p ro d u c tion is rninimal when compared to 
o the r fo l'ills of li ve s to ck farming. 

vJright ( 1 973 a  )has pres ented sc hematically ( shown in Fig. 2 .  3 )  

how graz ing sys tems evolve in prac tic e .  

The left- hand lo op i n  Fig. 2 .  3 repres ents the p ro c e s s  by uhich 

t.I-J.e fanner m:=tkes changes to his farming sys tern ; the right-hand lo o p ,  

and the internal loop repre s ent the research pro c e s s . Thus , i!�pro ve-

ment in sys tem perfo rmanc e ,  in ei ther technical ( 1 )  o r  cconomic
( 2 ) 

terms 

i s  brought about by the results and obse rvations of bo th fanne rs and 

research workers . 

The bc:tsic aim of res earch wo rk sho u ld logica1ly be to allow a 

better understanding of systems being used ( Systems AP�lysis as in 

Sec t. 1. 2 .  1 )  to improve the . contro l o f  the s e  exis ting systems or allo\v 

( 1 ) Technical system pe rfo rmanc e is measured by physical output e .  g. 
amount . o f  beef c arcass produced/uni t area. 

(2 )  Economic sys tem perfo nr.ance i s  meas u:r:-ed by some financiaL outp�t 
e . g. net pro fit/uni t area. 
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mo re efficient sys tems to be designed . (Design and contro l are the 

two aspects of .Sys tems Synthesi s discus s ed in Sec t . 1 . 2 . 1 ) .  Ho\.;ever, 

as C arnpbell · ( 1 96 1 ) points out , the ad ho c natur-e o f  so!"' ""  res ea rc h  has 

o ften lead to co nfusion about grazi ng sys tems rather than to a c lea rer 

1.L'1.ders tanding of the sys tem . 

The components and :relationships presented in Fig ' s  2 . 1 and 2 . 2 

are used as a basis fo r the following di s cuss ion on some of the New 

Zealand res earch work on be ef grazing systems . 

2. 3. 1 Pas tllre Production And G razing i'1ana.gement 

Much of the avai lable info rm ation on the growth of pa s ture in 

Ne�oJ Zea land can be attributed to Bro llgham 1 s c las sical trials o f  the 

mid- fifties (e . g .  Brougham 1 955,  56 , 59 ) ,  BruuEP:uns re search invo lved the 

use of cutting treatm ents to simulate the grazing pro c e s s .  Fac to rs 

such a s  light inte rception and i ts relationship vJi th p3 s tu re resi C.ue , 
radia tion , moi s ture and pas ture species , w e re reco gni s e d  as kf�y fc:�c to rs 

in de tenr:ining no t  only the arnow1t o f  pas ture that Has pro duc ed over 

time, but also in the chances in rate of growth o ver ti r.t e .  

vlhile cutting tri als may no t nec essarily repres ent tho pas ture 

that is available to grazinG animals , or the pas ture residue that re-­

mains fo llmJing grazing by animals , they should p ro vi de sor.te valua ble 
info rmation on the growth ( regrowth ) of pas tu re if : 

1 .  length of spell between cuttings is varied so that the 
shape o f  the pas ture regrowth curve (the c hMges in 

rates o f  growth ) can be defined froe1 the results . 

2. the height dovm to Hhich pas ture is cut i s  measured 

so that the effec t of grazing s e ve ri ty on pasture 

regrowth can be detennined. 

3. some record is kept of the climatic fact.tJ rs that 

o c curred during the pe ri o d of the cutting experiment 

so that at leas t some hypo thesi s can be made about the 

effec t of c limate on pasture productio�. 

4. Some es timation of pas ture quality ( e . g. digestible 

energy content) is attempted so that th0 value of 
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the pas ture p ro duced under di fferent cutting treatments 

can· be assessed in terms of the animal production i t  

·may suppo rt . 

Pas ture produc tion that i s  us eful in the s ense that i t  take s 

into ac count points 1 ,  2 ,  3 and 4, will be diffi c ult to co llec t under 

ac tual grazing si tua ti on> becaus e o f :  

1 .  the amount o f  res earch re sourc es ( e . g. land, 

animals ) nec es s ary to inc lude s uf fi ci ent treair­

men ts so that the effec ts of spelling length 

and grazing height can be inves tiga ted 

2 .  the difficu lty invo lved i n  impo sinG grazing 

height trea tments us ing animals , and in 

measuring the height of grazing in an unevenly 

graz ed sHard. 

Brougham ( 1970 ) has o ve rcOL'le thes e  di ffi c ulti es to a c e rt-<'l i n  

extent by impo s ing pas ture managements ( le ngth o f  spell and gra zing 
height) in c ombinations , and at times of the year , that hfl consi d e red 
c ritical on the ba s i s  o f  his earl i e r  cutting trial vw rk. Bro ugh2.1�1 has 

shown in this vJOrk the beneficial ef f'ec t on to tal D . t·L p ro duc tion o f  

hard- grazing a ryegra s s-whi te clove r  sward in the winter a n d  the de tri­
mental effec ts of hard- grazing in the surnm e r .  

Apart from Broushrun 1 s res earch,  very fe\� o the r detailed s tudies 
a re repo rted .1.n Lhe li L.e.ca.ttlre . The primary sourc es of pas ture growth 
data thro ughout Ncv1 Zealand are the fe rtili z e r  and rate of growth trials 

carried out by the Research Di vi s ion (Fi e ld Research Sec tion) of the 

Ministry of Agric ulture ( as repo rted in the Annual Reports o f  that 

Divi sion) . Such data do give some idea of pasture growth rates in 

areas geographic ally removed from the IT!ain res earch areas . Hov1eve r , 
the length o f  spell be t�,Je en cut.tings and the height to which pasture is 
cut are seldom varied o r  reported on.  

repo rted on in these trials . 

Pasture quali ty is also s eldom 

Stocki ng rates trials often measure pasture p ro duc tion as i.Je ll 

as animal produc tion ( e . g. Mac Lean et al 1970 ) . However, the pas ture 

produc tion in such trials is a res ul t of the grazing management appli ed 
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2 . 3. 1 Pasture Produc tion Anc� ___ ., rc.zing Management (Continued ) 

in the tria l ,  and whi le the pa.s tu re produc tion achi eved can be di s cus s e d  

obj ec tively in relation to the management p ractic es 1.�s e d ,  i t  do es no t 

nec es sarily provide info rmation useful in c on s tructing management sys tem s 

that are removed from the ac tual trial in tim e ,  locatioD , o r  mar.agement 
variables invo lved . 

Simi la rJ y pas ture p roduction data obtained from fixed interval 

grazing trials (i . e .  vJhe re a 1 3  day rotatioD is compa red with a 2b day 

ro ta tion througho ut lac tation, as in the dai ry sys tem trial conduc ted 

a t  Haimate Hest,  see Hillar ( 1 97 1 ) ) are only applicable to the parti cula r 

s tocking ra te s , and henc e grazing intensi ti es that w e re pres ent in the 

trial. Furthermo re ,  i t  seems UDl ik ely that one particula r  ro tat::i.on 

length will nec es sa rily outyi eld some o ther ro tatioD length throughout 

all s easons of the year. Henc e the 1 3  v 1  s 26 days c ompa rison , \-Ihi le 

it may be ir.tpo rtant in one particular s eason o f  th e year, may have li ttle 

applic ation to c omm e rc ial fanning sys tems in o ther seasons o f  the yea r .  

Fig . 2 .  3 impli es that graz ing sys tems are 1 1evo lved 11  th rough a 

proc es s o f  c o nside rj_ng Hhat is knmm ,  m:-1 kine some hypo iJw s i .c; a nrl. tes ting 
that hypo the s i s  thro ub h ei the r " m i c ro "  o r  1 1rr.n.c ro 11 cxp e rj_u ents ; a;-.d then 
repea ting the p ro c es s afte r  evalua ting the s e  exp eriments . 

That a more fo rlllal framewo rk for evaJu::1. ting the results o f  thes e 

experiments may have led to a more efficien t  u s e  of re s earch res ourc e s  

i n  relation to pas ture production studies i s  suppo rted by two fac to rs : 

1 .  the large nwnber of 11 s tockint;- rate11 , " fixed inte rval11  

type experilllents as oppo s ed to de tailed pas ture 

productiqn s tudies published in the li teratu re .  

2. the lac k  o f  quantitative data available in the 

literature · on the relationships betHeen pas tu re 

management a."ld pasture produc tion . 

2 . 3. 2 Animal ·Production And Feed Reauiretnents. 

It is of intere s t  to no te that in a sympo sium on the nutri tional 
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requirements o f  livestock repo rted in the Proc eedine;s o f  the New Z ealand 

Soci e ty of Animal Produc tion in 1961 , w1hile dairy cattle , sheep a.ad swine 

were discussed, no ment �on was made of beef ca ttle .  

The .Annual Re,tJo rt o f  the Res ea rch Division of the Hini stry o f  

Agriculture ( 1965/6o) reviews trials o n  beef produc tion in progres s at 

that time . Thes e included comparisons of the grow�1 ra tes o f  c alves 

bo rn  in ei ther the sprine o r  the autu!'lm; feeding trials whe re rJ..s�ng 

one-year and rising t\-IO-year ea t tle were fed a range of con8 er.red fe eds 

plus autumn saved pas ture at t..ro s to cking ra tes ; diges tibi li ty trials 

using sheep and cattle being fed a range of tho s e  cons e rved feeds and 
pas ture and a s tudjr o f  be ef produc tion from various breeds and c ro s s es 

of tradi tional beef and dairy-bred s tDck , 

The Res earch Div-lsion Repo rt ( 1 966/67) s ta ted : 

" In the past beef cattle • . • • • • • •  feedint; aud mEm.agemeut 
programwes were no t designed to produce high outputs o f  
beef meat per ac re . To achieve these efficiently .snd 
cornpe tively Hi t..h. o ther sys tems of livesto<.:.k fanui.::tg �  
data are required on sy s tems o f  gra s s  produc tion. ,  

manr�gement, and utilisation appropriate to beef pro duc tion 

and yields from these mus t  be asses sed relative to tho s e  
from alternative and competi tive types o f  livcs tl::lck 
farming . 1 1  

A trial s t-'i rted at that time ( re1)o rted by Joyc e ( 1 970) ) compared 

dairy be ef as a produc tion alte rna tive to Hethers and breeding ei-i0S at 

a range of s tocking rates . Hany o ther beef p roduc tion trials have been 

initiated since 1966/67 (e . g. Mac Lean e t  al ( 1970 ) ) .  However the em-
phasis tends to have been plac ed on asc ertaining pr� duc tion po s sibi li ties 

unde r  some predetermined management sys tem, comparing beef production 

in different envirot1ments or comparing differenc es in perfonnance betr<et:n 

breeds o r  sexe s ,  rather than an analytical research looking at tl1a coo­

ponents and interrelationships discussed in Section. 2. 2 .1 . 

An. exc eption to this tret1d is the \.fo rk repo rted by Reard0n 
( 1 9 7 5) in which the respons e s  in liveweight gain to s upplementary 

feeding have been studied. A range of pasture aw�ilabili ties and 
supplemen�1ry feeds were suppli ed to ��e �'limals . As well as measuring 
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animal intakes under the different treatments , the relationships 

between available pasture and animal intake were studied. Some infor-

mation was also recorde-.:. on the effect of pasture residue on pas t:.ure 

regroHth. 

In 1 97 1  when reviewing the feed requi rements of beef animals 

fo r maintenance and produc tion in New Zealand, Joyc e ( 1 97 1 ) stated : 

" any recommendation o ther than the maintananc e requi rements 
of ea t tle lie bet'tJeen 90 and 270 11. Gal. of met<:tbo lizable 

energy (H . E . ) p e r  kilogr::un o f  met::.bolir:: li vev!eight • . • • • • •  

would be a gro3s oversimpli fication o f  t:O.e pro ble;n , " 

Disc u.s sing the requi rement abo ve maintenance for beef produc tion 

Joyce ( 1 97 1 ) concluded : 

11  ( 1 ) i1esul ts froo grazing exper:i.m ents lD. i•Iew Zealand, 
whi le agreeing in gene r'-J.l wi th the utili sation 
of !"i . E .  fed obove maintenanc e as laid dmm in 
fe eding st2ndards , indicate that the to tal feed 

requirements are con:;iderably in exc e s s  o f  t�ose 
s tandards . 

( 2 )  The type o f  exp e rir:wnt-:l.tio n  carried out over past 

years in Ne1., Zealand has no t led to any ul,'l:'�ed 
advance in defining feed requi rements of gra.zing 

beef cattle in New Zealand.  Hhen cattle fecdin� 
experiments are laid dovtn they should 'ue de�;igned 
so that iut.A.kes can be int9rpreted in terms o f :  

( a )  Liveweieht 

(b ) Rate of gain 

(c ) �pe o f  diet 

Until this is done i t  is doubtful if any wo rthwhile 

progres s will be mada in def1.rung the optimum feeding 
levels fo r cattle under l'few Zealand grazing conditions . 11 

2 • .3 • .3 The Use Of Resonrcn Data In Th:hs St'Jdy 

Thi s  s tudy is an attempt to use systems modelling as a me&�s of 
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aggregating the information known about beef produc tion sys temR ir1 a 
fonn tha t can be expe rillen ted with, so that so rue conclusions can b e  

drawn on the ef fec t o f  grA.zing management o n  bGef pro duc tio n . 

�<Jhe the r  o r  no t a modelling s tudy such as this can contribute to 

the effici ency o f  the evo lutionary nature of the res earch pro c e s s  

desc ribed i:J. Fi g. 2 . 3 will o nly be dete rmined Hhen s imi la r s tudi es 
run i n  conjunc tio n  wi th physi cal res earc h  p ro j ects and so me ( sub j e c tive ) 

attempt is ms.de to evaluate the contribution o f  the mo delling exercise.  

As thi s s tudy was carri e d  o u t  i:t i s o la tion from any physi c a l  
research l.JO rk o n  b e e f  pro duc ti o r1 ,  the modelJing exerc i s e  provides only 

a frarne;-Jo rk fo r co llec ting avai lable info r:nati on and a chanc e w e valu3.t'." 

the sui tabi l i ty of Linear Progrmarning as a modelling technique fo r s b.dy-lnz 

grazing sys tem p ro blems . 

The o bj ec ti v�� o f  La t timo r'3 1 s s t'.l.dy "'as : 

" to  examine i:t detail t"le economic s  o f  beef p ro duc tio :1 f ror:1 

retained (o r  purchas ed) calve s on the cb.i ry fanrs \.Jhere 
thes e  c ahre s a re ava i lable at present . " 

A survey o f  mixed beef- dai ry farms \.Jas carri P.d out to o�tain the 

ideas , and expe ri enc e o f  a large nurrrber of farmers , on
. 

the various fac ets 

o f  beef produc tio n .  Given this info rmatio n  and the technical data 

avai lable , a Linear ?rogramming model was then cons true ted to e valuate 

the pro fi tabi li ty of b eef p roduc tion on three selec ted case- s hldy farms . 

The optimi sation routine o f  the Linear Proer.'lrnming technique 

allowed the resourc e (land, feed supply, labour ) s tr:.:.c ture of each fa!'l11 
to be allocated s imult:meous1y to various pro duc tion po s sibiliti e s  

(dai ry and beef) s o  that profit from tne use o f  tho s e  resourc es c o uJ d 

be maximised. Optitnal fanu plans were obt.ained unde r a ra..YJ.ge of dairy 
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and beef prices . 

La.ttimo re pointect. out that the ma j o r  limi tation o f  the s tudy 

was application o f  the re s ults to o ther far11s that have varying re s ourc e 

s true tu res . In pa rticular, he refe rred to the wo rking capi tal requi re-

ments betwl'!en farm s ,  the variation in land type b e h.reen farms , the 

avai labili ty o f  labo ur , and the o rgani sati onal ski lls that diffe rent 

fann e rs pos s e s s .  

However, the validi ty o f  La.ttimore 1 s s tudy also d epends o n  the 

ac curacy wi th '.-.rhich he has defined the rel ationship betwee:-J. avai lable 

feed and animal produc tion . The approach used '>-J3.S to de fine avai lable 

feed in ee1ch month of the year by mul tipJ .yi:1g the case- s tudy farms ' 
ac tual s to c k  c arried by t..rw animal feed requi reu1entq o f  tho s e  s to ck fo r 

each month o f  the year. The amount of feGd available ilfas then as sum e d  

no t  to vary whethe r the fa rm was running d8.i ry c a ttle , b e e f  c attle , o r  

any combi:1a Lio n  o f  the two . Hence the C-!ffcct o f  grazing m.:mac;c:nent wa s 

no t inc luded in the s tudy . Latti �no re recogni s e s  this fac t and s t::1 te s  

t..l--ta t  Hithin the scope o f  hi s s tudy : 

" the analysis o f  the c a s e  fa nns was c o nc e rned wi t..l--J. the 

feas ibi li ty and p ro fi tabili ty of subs ti tu ting beef c a t tle 

fo r dai ry cows at a similar s to cki_J.g rate to thA.t o p e ratin� 

on the fa rm at p res ent . " 

La.tti mo re was inter8s ted. i:J. hov.r so1nc p redete rrni�J.ed beef produc tio n  
ac tiviti es may be subs ti tuted fo r the dai ry fa.L)uil1f; &c tivi ti c ::;  bci:-1g r'..lt;. 

o n  the farm . Devising mo re efficient b e ef graz i nG sys tems was o u tside 

the scope o f  his s tudy . 

Lovre ( 1971 ) s ta ted that the obj ec tives o f  his s tudy were : 

11 ( 1 ) to inves tigate t..'le various asp£c ts o f  bc2f p:roducing 

systems and find Hhich sys tem is likely to return 

mo s t  ne t p ro fi t  to the farmer.  
and 

(2)  to compare b ee f  production sys tems wi th sheep fanning 

systems on a profi tabi li ty basis . 11  
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Agai n relevant i nfo rmatj_on Has c o llec ted from a large numbe r  o f  

fanners who had s o m e  experienc e \.Ji th the sys tem being s tudi ed; and feed 

supj_)ly ,  cu lculated f rom es timates o f  the requirements o f  s to c k  r:tlready 

being run on the fa rm, was alloc ated to various s to ck alte rna tives so 

as to maximi s e  p ro fi ts .  A Linear Pro gramming mo del was us ed fo r the 

calc ule.tion o f  op ti mal s tocking po licies o ver a raDge of pro duc t ( s heep 

and beef) prices . 

As in L:1.t timo re 1 s  s tudy , the effe c t  o f  rnanagew ent on o utput from 

the sys tem i s  only conside red to the extent that the mo del could c ho o s e  

between various s to c k  po lici e s , the feed requi rem ents o f  whi c h  hc .. d. bcc:1. 

prede te rmined . The po ssibi li ty o f  aJ.te ri ne feed supply by pas tu re 

management o th e r  tharl tha t needed to me e t  the requi roments o f  the pro­

duc ti on po ssibi li ti es outlined is no t considered. 

Despi te the rath0 r rc s tric ti ve management po s si bi li ti es i:1herent 

in Lowe ' s  CJ.nd L'lttimo ro ' s  s tudies , they do p ro vide in.fo r.na.tion on 
I 

grazine s,ys teL1S tha t is complement;1ry to that infor:na tion pro duc ed. by 

physi c al re searc h .  

They all0 \-1 avo.ilable res co.rch i nfo r,rJ2. ti on to b e  a s s e1::bls c'l ,  they 

aJ�ow p ro duc tion _i)O s sibili ti es defined by tha. t  research info r.nati o:1. a11d 
by fa nners ' expe ri enc e to be o utlined, and they inv<?s ti.gat8 ho>-J tho se 
pro due tion pos sibi ]_i_ ti cs may be mo s t  eco no::1ic ally cor:Jbined. wi tni. n the 

res ourc e s truc ture of conune rcial far:n s .  

The of LO\.Je and L1. ttirno re a..Yld no r \·!ere 
they intended to ,  pro vi de info rmation on how beef pro duc tion systsms may 

be nm mo re effi ci ently by alte ring the rclatior.ships betw e en. available 

pas ture , pas ture c ons umed and future pastu r9 groHth. Ra. th--'l r their 

approach i s  one of maximi sing re turns fr01n a given amo tJnt o f  &v�ilable 

pasture by inves tigating how various tY})'O)G of animals might us e tha.t 

pas ture . 

2. 4. 2  'l'he Si!Ilul:i.tion St�Of Hright VallA....'1c e  A!'ld Jicol (1S:ZJ.l 

This s tudy was designed to inves tigate the po s sibi li ty of fattening 

beef cattle on irrigated luc e rne and Tarna ryegrass in the Cante rbury 
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enviro nment. 

Luc erne and Tar.m produc tion data that were avai lable from fi eld 

trials 1.rere inc luded in a simulatio n mo de l so that fo r a given patt e rn  

o f  defoliation, feed supply throughout the year could be described . 

lmimal pro duc tion respo nse func tio ns we re defined fo r the animals 

(Friesian c ro s sbred animn ls purcha s ed at 6 months o f  age and 400 - 500 lb 

Jive•.re:i.eht and finished at 1 8  - 2U months o f  age yi e ldi:1g carc a s s e s  o f  

500 - 600 lb ) to be grazed in the system . 

The simulation model was run on a comput'3r to :  

1 .  es tabli sh a bas e sys tem . This was p rimarily 

a problem of scheduling s tock nwnb8 rs in 

relation to a spec ified pattern of fe ed 

a vai lo bi. l i  ty; 

2 .  t e s t  the sensi tivi ty o f  the output from the 
b2se sys tem to changes in 1.,rhat w e re considend 

to be key va ri ables - feed quantity, feed 
quality� uti li s'l.tion of a·railable feed by thG 

animal s ,  and p ric es paid fo r the animals . 

The model did no t inc lude any optimi s:ttion procedure . HO\·Jever, 
the fR e t  tha t  a who l �  year ' s  dats. could be �cmc:;:ated qui.ckly by the 

computer mo del fo r a given s e t  of as sump ti on s , alloHed a trial and 

erro r method of defining bette r sys tems to be employed . 

This simulation s tudy allowed the knoHn infor:na tion to be collec ted 

and used to define po s sible pro duc tion sys tems . The ai� of the s tudy 

was to provide info rmation to researc h workers who Here interes ted in 

setting up field tri als on the sys tems s tudied. 

Nicol ( 1973) reporte� o n  the setting up of a field trial on this 

lucerne- tama-beef system . He conc luded t.11a t the systems modelling 

exercise prior to the s et ti ng up of the field trial had : 

11 (a) Brought personnel from a number of disciplines 

together in a forma l way to thei r mutual benefit .  
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(b) I dentified areas where hi s to ri cal date was 

lacking and indica ted areas fo r research . 

( c )  Been a useful tool for teaching basic husba.ndri es 

( the s tudy was c arri ed o ut at Linco ln Co llege) . 

( d )  Ac ted as a basi s fo r the reques t  fo r grants to 
e s tabli sh a fi eld trial. 

( e )  Contributed relati vely little tcnvards -Lhe rurming 

o f  the trial s inc e i ts initiation . 

( f )  The po tential to be us ed, onc e  data becomes 

available fro1:1 the fi eld trial, in making re­

c ommendations fo r imp ro vements i n  the field. trial . 11 

From the basis o f  these obs e rva tions , the model ling excrc: i s e  

could be judt;ed a s  having b e en  usefuL The conti nued us efulness o f  

modelling i n  the s tudy outlined, and the us e ful appli c a tion o f  •I• o de lli11g 

in o ther fie lds of grazi!1.g management res e a rch seems to be depend;.mt 
on whether o r  no t the po tenti al m enti o n.:::d in point ( f ,i  aco ve ,  ac tua lly 

adds to the effi � i ency o f  t..h.e evo lutiona::.'y nature of research as di s-
cus sed in Sec t .  2 . 3 . 

To inves tigate the econo ,nics o f  the use o f  ni trogen fertilizer 

on fac tiJ ry supply dai ry far:ns Pollard ( 1972 ) CO!ls truc tod a Linear f'ro­
grarnming model of a dai ry grazint; sys tem . 

The model \olaS designed so that i t  c o uld deter.·nine the grazing 

management system (area graz ed in each perio d and length o f  spell between 

grazing) that would maximise net p ro fi t  fo r a range o f  s to ckine rates . 

Pasture production data was specified throughou t the yea r  fo r a 

range of spelling dates and _predetemined grazing h8ights whi'-!h were 

as sumed w be optimal (based on Brougham 1 s ( i970 ) rccorrunendati.ons ) .  

Butterfat produc tion .func tions fo r eac h s tage o f  lac t:1 tioa yeJ..'e 
specified ( wi thin limits ) in relation w feed requirements . 
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Whi l e  the obj e c tives o f  the s tudy were : 

11 to examine in detai l bo th technical and eco nomic 

fac to rs assoc iated wi th fertilizer N u s e  . • . •  ' 1  

the limi t.:J.tions expec ted to b e  impo sed by the lack o f  exp erimental data 

m Annt that the scope of the s tudy included :  

11  • • • 0 •. a consideration o f  the maj o r  p roblems to o ve rcome 

in d evclo pine a reali s ti c  grazine model. 11 

As the size of the mo del used appro ac hed the limi t that c ould b e  

handled o n  the avai labb c omputing facili ti e s , the time involved in 

eac h nm o f  the mo del was 3 - 4 hou rs . Analysi s  of each s o lution also 

to ok s evera l  hours . Thes e  two fac to rs meant tha t li t.tle e;o�e riwen t>ttion 

coulj be c arri ed out. Rec01am e n da ti ons on grazing sys tem s bas ed on i...he 
wo delling exe rc i s e  w e re thus qui te limi ted . 

Lack o f  knowledge about relations r..:i. ps wi thin the grKz j_ng sys tem 

also detracted from the degree of rea li ty ac hi eved in Po l ln rd 1 s  s tudy 

(e .  g .  the uti lis ation of avai lable pas ture by grazing aai:nrtls ) . 

2. 6 The Cornpari son Of Linear Pro Gr8_rrnine; Hi th Sitnuh.tion As A 
Teclu1igue Fo r Studyinp- Grazinp; Sys tern s  

A s  mentioned by Pollard ( 1 972 ) the rigid framevJO rk o f  Linear 
Programming (L. P . ) c au::; es some p roblems in handling non- linear func tions 

and s to chastic va riables . As w ell as thes e ,  in the case o f  beef 

pro duc ti on there are dif �iculti e s  in including some deci sion rules wi thi n 

the L.  P .  framewo rk . In pa rti cula r ,  the model i s  unable to make a 

decision on. the level o f  liveweight gain tha t ani!!lals may ac hieve in e.ny 

period o f  the year since ,  liveweight gain i s  de te nnined by the amount 

of fe ed available , and the li veweight o f  the animals in that p e rio d . 
The li ve1.-1eight o f  animals during any period is dete rmined by the 

liveweight gain that has beaa achi eved in pre vious periods . 

O the r modelling techniques , and in particular, simulation c an 
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handle non- linea r func tions , s to chas tic va riables and any decisions 

rules the ope rato r :nay wi sh to include . Simulation do es no t hO\vever 

inc lud e an o p timi sation ro utine like L.  P. and sinc e optimi sation i s  

almo s t  invariabJ.,v sought i n  the s tudy o f  grazing sys tems , an exp e!'imental 

procedure is usually develo p e d  so th::tt the si:nula tion is firs t run unde r  

some s e t  of decisions . The output i s  then examined wi th rega rd to the 

dec i s i ons tha t w e re included in the mo del ,  the decisions are c hane;ed, 

and the mo del i s  re- run, hopefully Hi th output becomi ne mo re nearly 
optimal. 

In any particular s i tuation , appli cation of Linear Programnine; 
leads to Oj)timal. decision rule s .  Although the s e  dec ision rules ( s tock 

numbers , grazing management) are bas ed o n  p e rfect fo resigh t ,  they can 

be te s ted under any o the r si tuati o n .  Under diffe rent pas ture groc,r th 
c onditions , fo r example ,  a [,riven s e t of dec isicn rules will result in 
diffe rent leve ls o f  1i ves tock output. Ho Heve :c ,  �;e c an also use tr ... e 
Linear ?ro gram: aing model to d etennine the opti.nu;:n decision n:l2s, and 
as sociated level of sys tem p e rfo rmanc e , fo r each situation .  In this 
way then we c 1111 u s e  Li near ? ro c :cc.um.1ing tn es tima te the oppo r tu:1i t,y e o ::/.:.  
o f  a given set o f decision rules under differen t. s i  tu.ations . 

1.-.'hile simulation c an handle s 'L:JCil asti c  variables thes e  are 

rarely inc lu ded in si:nulation s tudi es .  The approach mo re usually ls 

to conduc t s o m e  expcrimenta tion lU1der a predete rmined s e t  o f  sys tem 

inputs ( e . g .  c limatic fac to rs ) . The inputs a Te chant;ed and the ex-

perimental p ro c e du re i s then repeo tcd. A si:ni la r AjJp ro ach can be us ed 
with L . ? .  and ti1e optitnisatict1 ro utine 
that sys tem output is opti:nal fo r the gi ven condi tions. 

2. 7 The l1o del Used 

Ini ti a.l ly p a s bJ.:re v!as i.ncluried as the o n J y  fe edine oppo rtn'1j_ ty 

in the L .  P.  model . A pat tern o f  animal pro duc tion was defined, and 
the a.Ylimal feed requi rements· calculated . These rea ui rements were then 

inc luded on a per ani.m al basis vJi thin ·che L .  P .  mo de l .  The mod el was 

then used to derive G: grazine management pa t te n1 se tha t the nur.1be r o f  

animals grazed i n  th''3 system ·Has rnaximi s ed . As socia ted Hith outiJut 

of the model was info rmation on the perio ds of the year where pas ture 

supply was limi ting inc reas es in the nu.mbe r of animals grazed and 
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conversely tho se p e riods o f  the year v:hen fe ed supply was surplus to 
animal requi rements . Based on this info rrna tion the pattern o f  animal 
pro duc tion was c hanged and the model re- run . 

The fac to rs affec ting pa sture pro duc tion and animal pe rfo rmanc e 

and the way they are inc luded in the mo delling ex e rcise a re di scus s e d  

in Cha.:pters 3 an d  /+ respec tively. A detai led des c rip tion o f  the ex-

pe rimentation i s  gi ven along wi th results in Chap te r 5 .  Sec t.  b .  

di scus s e s  mo re fully the limi ta tions found to exi s t  wi th L . P .  a s  a m e tho d 

fo r s tudying grazing management systems . 

2.  8 Sumnary 

The beef grazing sys tem has b e en shown to be complex bo th in the 

n:umbe r  of components invo lved , and the in te rac tion o f  thes e components 

over time . Unc e r�linty about future sy s tem output i s  int ro duced by 
c lima tic and market f::tc to rs ove r  Hhich the fann e r  has li ttle o r  no c ontro l .  

Sorn0 doubt i s  rai s ed as to Hl:v�thcr o r  no t curren t fo n1s o f  pas tare 
p ro duc tion re s ea rch leu ds to a bett0r unde rs tanding of e.r< -..t6ing tnX1.i:i[;C::t 8n t 

systems . Hes e a rc h  on animal pro Cuc tion has in the pas ·i., , tended to cor'>-

c entra te on the di ffe rr:mc es in the l•:-vel o f  outs)Ut from vJ.rious all.i.�nal 
produc i.,ion sy3 tems , whi le the fac "uo rs o.ffec ting pro duc tio:-:t 1..ri thin the s e  

sys tems ha v.� , in many cases , remained unkno1m, M a  themati.c a l  mo de lling 

ha s b e en u::; cd as a fratnewo rk fo r gathe ring to ge the r info nn::ttion that J_ s 
knO\m about grazi ng management sys tems . 1-rnethe r o r no t moclelliLlg 
exerc i s e s  imp ro ve the evo lutiona ry proc ess by vJhich management sys tems 

are devi sed remains unc lea r. 

That Linea r  P rograrnrning i s  a rigid framev10 rk Hi th some apparent 

disadvantages fo r the s tudy o f  gra zing mana �ement systems has been no ted. 

The di sadvantages , in many cases , hO\.,rever, may be no greater than in 
o ther modelling techniques ; and the o ptimi sation rou tine inherent in 

Linear Programming is an advantage often sought by tho se o ther techniques :  

The L . P . model used allo cates avai lable pas ture s o  that the 

maximum numbe r  of ani:-nals can m eet a p redetermined patte rn of liveVJeight 

gain . 
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Fac b rs that have be e.< shovm to affec t the produc tion of  pas ture 
are discus sed in this chap ter. Pas ture producti on data fo r the Palmer-

sto n  No rth rGg:i.on are cons id(ered and a far:iily o f  production fw1C't:,ior1S 

relatine dry mat t,er (D .H. ) regroHth to gr;..zing seve ri t,>r (height a.nd length 

of spell) are desc ribed, 

The inco r1)o rati.on of  these func t ions intJ a Linear Pro5ramaing 

( L. P . ) model is outlined and the manaeetnent decisions tile e1odel can 

make ar0 discu:3 sed in relation to th0 real-life s i tuation. 

Finally , t.he max:i:nu::� a n nual D . l-1 .  prod11c tion fro.n the model is 
de t8nnincd. 

Brouglw.L< ( 1 955 ) has dG.scl�ibed the regro;.1th of pas ture in te nns 

of a sigc'loi d  c urve . The three dis tinc t pht1ses o f  regrowth as ciescribed 

by Brou6h�'ll are shown on a ge�lerctli sed c urve in Fig . .3. 1 .  

Daily inc re.aents of pas ture D . �L inc rease (phase I )  fo lloHing 

seve re defoliatiOL1 until cons taat and tnaxii.aur:t i..11c reffients are attained 

(phase II) . Depending on the pas ture speci es pres ent, competi tion 

betwee•l the species pres ent fo r light, moisture, and soil nutri ents , and 

t."le prcscn�c of dG .:; tructi ve orgi.i.r..isms , daily incrt:i.llcll"Cs fina.lly 1Jegin 
to - decline ( phas e  I II ) . 

Brougham ( 1956 )  demonstrd.ted tha t t.."'le duration of phas e  I Has 

lfl.:rgely dependant on t."'le perc en tage of incident ligb.t that the sward 
residue \·/aS able to interc ept fo llO\-ling defoliation. Where pasture 
was cut to ei ther 1 1 1 , 311 o r  5 11 in mid-Septetnber the maximum daily 



increment in D . H .  occurred on the 24th, 16th and L�th day respectively. 

Bro u.gh<:1:n also sho 1-.red that the begino.ing of phas e  II coinci ded 

approximatoly with the attain,r.ent of a Leaf Area Index ( L . A .  I . ) ( 1 ) of 5 .  
The pas ture yi eld at this point was 1 , 1+50 lb D . M . /ac re regardles s  o f  the 

ini ti n.l cut cing height. 

From the results of cutting tri als on an i rrigated sho rt ro tation 

ryegr:J ss/whi te clover pas ture , Broucjho.ta ( 1959 ) \\'as able to cons truc t. a 
set o f  po ten tial pasture regro',o� th c urv·Z fJ Hhich rel ated D . :·I . pre sent in 
the sward to the nuraber of U<-=tys fo lloHing defoli c.:.  tio n at differci1t times 
o f  the year. 

Daily gr'OH th rates fo r total D , ;·l , and fo r the ryegra.s ::; a.nd clovc,r 
cornpo net1ts of the pasture ch<lnged gradually throughout the yea r  i.;i th 
seasoi.tal cha n:�es in light and tet:1perature a fter the effec t.s o f  tc!llj)O:H'::l.I'.f 
1 1'.Ieather11 (2 ) fluc tuations were re.noved from the analysis . 

Average d'::tily to ta l  D . i'l . inc re . .1cnts ranzed fro.n 1 0  lb/ac :re in 
Hin te r to t2U J.b/ac re in ea.r\)r su.utJer.  The yield of the r:,regras ::: 

cotnpo i1ent Has compari tively mo re iG�po rt.ant than c lo ver over the winter 
and spring p erio ds , while t..he contribution to to ta.l yi eld b,}' the clo7er 
component inc reas ed wi th the onset o f  s wru.1er w1til the late au tu::m . 

Brougha:n explained thes e diff erer1Ce.s in growth rat e  and pas ture 

cou1po sition in terms o f  species te1::1perature tolerance ,  inte r-- s pecies 

competition fo r light and s easonal gro,o�th pattei�ns of tl'1e spec ies and 

tis s ue decompo si tion. 

3. 2 . 3  The Effec t Of 11ana.p,;ement On Pasture Grcvrth 

As discus sed in Sections 3. 2. 1 and 3 . 2. 2 ,  pasture rearowth depends · 

( 1 )  L. A .  I .  is defined by Brougham ( 196 1 ) as tho area of leaf per uni t  
area o f  ground. 

(2 ) Weather fluc tuations \.Je re changes of Heather that occurred Yi t:r..in 
the week that D . l1 .  yi eld was measured, and ac countGd for as !auch 
as 2: 50,� o f  the grou:th ra te in th .. ::1 t weelr�.  
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3. 2  • .3 The Effe0 t Of l1a., A .a"3:n ent On Pa.sture Gro1.r�h (Continued) 

o n  the heibht to whic:h pi.l.s ture is g razed, the tL·1e since g razing , an d  l 
the clituatic eo.ad:i.tions that pre vail d.urlng :cegnn-rLh . l�t) l' any given 
set of climatic fac to rs then, the d.;c:ision.s mado by the ;nann.eer o f  the 

grazing system , on the hei:;hi:. to v:hich pa � ture i s  grazed and th0 lent;th 

of spell beh;ce[l grazirl;_$S will deter·,nin<) the amount of pas tu.ce avai lable 
The effec t that tho;.;e grazin� mo.nage�tent dec i sions may 

h...1.v-e on a-vailable pasture g,re disc u�sed beloH in a simple exemple and 
illustrat0d by Fig. 3 . 2 .  

Co11si der a 5 0  ha. beef w1i t running 200 f a  ttening- a..r:l.i ,nals . iil1 
area. of pa s ture hs.s been grazed at some time l fk 11 day;_; befo re day 1 1 t 11

• 

The D . H .  pres ent sinc e that grazinG on. day " t  ·- k "  i s  :repres •3nteti by 
the function a .  On day 1 1  tfl 2000 Ki; D . H . /ha a re present on the p2.s ti.l4e . 
Giveo. t::uffi c i ent availQblo pasture i t  is  ass uu1ed tha t the anim.s.ls Hi tll�L n  

the sys tem 1·1ill eat 10  Kg D . �'L/head/d.ay. 

In ca s e  I the JJQUtcger d3cide�:> to feed. 2� ha o f  p-is !::c1re on day " t.1 1  

(i .  e,  it will tr'lke 20 cl.:l.)"S of' fe,;:ci.:Lr�.G 2�� hh of pas ture/cla.,;r h0r'o re the 
pas ture gr.1z ecl on day " t' 1  wi ll be graz ed again) . 

Feed available/day 

Appeti te requirc;amlt 

Unea te11 pas tu re 

Pasture res�due/ha 

::: 
= 

= 

(2000 

(200 

( 3000 

Kg D . i-i . /ha 

mirrals X 1 0  

Kg ,_ ' D . H . ;�·z 

X 2 �· ha ) :: 5000 Kg D . 1 1 .  
Ka 0 D . H/nd)= 2000 :r=g D .  i'i . 

-- 3v00 Kg D . A . 
\ 1 200 K_u " ' '  ;· na ) ::: 0 L1 , 1 1 ,  !ld 

In ca::c: e  II the decision is to feed only 2 ha . of pas ture on day "t " 
(i . e . a 25 d01.y ro tation) .  

Case II 
l<'eed availabJ e/day 
Appet:L te requi rement 

Uneaten pasture 
Pasture residue/h2. 

= (200l) Kg D .H ./ha x 2 ha) = 4000 Kg D . i1 .  

= (200 animals x 1 0  Kg D . 1·1 /hd)= 2000 Kg D .H . 
= 2000 Kg D . i1 .• 

= (2000 Kg D . H , /2 ha ) = 1 000 Kg D . 1·L 

Assuming the pas ture regro\vth curves in Fig. 3. 2 th e feed available 

after a 20 day ro tation (Case I )  will be 2400 Kg D .H . /ha, while the outcome 



To tal D . H. 
(Kg/ha ) 

A 

Repres e:lt3. tiorL Of H;rpo t!�etj.Q£ 1 l/.enc:gci.18[1��-..I!.99.1.B..:i:Q.!l� 

2500 - _ ... 

- -
- - - - - - - rl -�'! vASE I - - - - - -

-
- -

- - - -- - - -
- -

- -
-

500 

- -
I 

- -
I 

- - - - - -'-
i - /l 
V� I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CASE I I  

0 � --------�----------�--------� I __ _ 

k � t  t + 5 t + 1 0  

tl.<?gro,.;tb Perio d ( d :ws ) 

t + 1 5  t + 20 t + 25 

· �  
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.3. 2 • .3 The E:ffec t Of VJ.ao.a_gement On Past.ur� Growth ( Cor1tinued) 

of the deci s i o n  in Cas e :U is that o :1l_y" 2l.JUO Kg D , J·i . /ha are available 

at the ne:<t erazinc;. 

In thi s  example then, the grn zinG m::tna.gement in C a s e  I tends to 
build up feed, vJhile the grazing marngera ent in Cas e I J  ter1cls to main"t-:1in 

available pas ture D . i·i . Althou($h th. is exw!l�Jle is an o versim,;;lifi c :!. tiol.:. 

of the roal-W')l'lcl si tuation, i t  do es ilhw trate the way in Hhich 5 razing 

manaeement c an affec t pas ture p ro duc tio n .  

Brougham ( 1970 ) has sbowa the impo rh.nc e of graz ing hei ght and 
length of spell be �we ea grazing at t·..;o times o f  the year. ln la te 

autumn a mix ed rycgro.ss/::lo vc r pastur8 was defoliated ,  The tb ree treat--
ments impo s ed follo,,ing that grazin5 on 1�p ril Jrd were : 

i )  G ra z e  aJain in 1 8  \-!0)eks 
ii ) Two grazings at 9 �v<'eic in tenrs.ls 

iii ) Three crazinss at 6 Heek interval.s 

T:1e D . l1 .  yi e lds ov2r tha. t eit:;htee<1 \ Jeek v:inter period Here 2 1 20 ,  

.3290 , a..'1d .3620 lb D . H . /ac re rcs;)ec tively. i-Jhi le this rep resented a 

70-fo inc r-eus e in D .  ··1 . pro due tion fo r th e three- grazing trea trnen t over the 

one- graz ing trea tf.:,ent, the pG. s ture grazed. three timc.s o ve r  the winter 

also ho:td n higher c lo ve r  c o n ten t in the s p ring , due to increased illwr.i­

nation a t  the ba se o f  the sward , und hif:ll.-:: r  sprinJ D , ,'l , pro duc tio."1 , 

B rougham ( 1970 ) found that grazi11U height v:as partic ularly 

c ri tical o ver the summ er period in the Palmerston lio rth envi ronm ent . 

In earl_y" sUJIJrncr a pas ture that had be0n wnfo rmly grazed fo r the previous 

18 months was subj ec ted to three grazin�s at three we ekly intenra.ls . 
Half the pas ture was graz ed hard while the o ther half was grazed only 

to Y' . Follo"..� .i..n� these t.reat•nents th e \.,rho le pa.sturt3 was erazed uni.fo nnly . 

The graz ing heights following the period of treatment, although no t 

specified, were considered by Bro ugham to be such tha t pas ture pro duc tio:-1 · 

was maximi sed o ver the rest of th e yea r .  The advantage in daily D . i'1 .  

increments to th e  lax grazed pas ture w:::1s in the order of 5 0  - 10U% over 

the res t  of the summ er and the autw11n period. Bro ugham at.tnbllted this 

effect to inc reased soil moi s ture leYels due to the inc re�sed pas ture 
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cover over the s ummer peri o d , and to i nc H�3.sed survival of grass tillers 

under the lax grazing -crca tm ent. 

Bece.us e  of the interactiou beti.ieCn gra zing 1(1.3-.Ylageu1en t ,  va s i.,ure 
speciE:s prr::s ent �md climate , and the r.ecd to mee t  �tniu:al requi rements , 

defini tion of a.n optiun.1m gra zing s;ys tc:t is  a coru.plRX task.  

F ro m  th e results o f  hi s trial Ho rk ,  Bro Ll[;h<-L.l ( 1970) b.s sue&es t�:d 
grazing management recomrrtendatio11s fo r mi:.<:c::d rycgn:tss/\o.'h.i. te c.lo·.rcr 
pa;;tures in the l 'aL·ners ton No rth region . These recon;;;tcnda tivns are 

pre� ented in Table 3 .  I c:.nd a re s tated by Brougham to freC'�uently pro duc e 

1 6- 17000 lb ll . H .  per ac re .  

Grazj_nc; 

Graz i�1g 

Vla!l?£..8lQEP.t .§.2_ste::1. Fo..r_£\ i-h2("ed S\to. rd I£L.:fb e_ :'&. ll]l_g rs ton l'ro rth 

ilrea 

ihnt._c_r 
Interv.s.l ( "'eeks )  6 8 
Hei [;ht (L1chcs ) 1 2 

§R!i.flJ..: 
3 it 
1 3 

Sucu:r,.�.r 

4 ·� 5 

3 - 4 
l-19 rdgrctz o /,. - 6 

1 1 - 2 

Many exp e riments e.re repo rted in the literature as havinrs UJeasu n�d 
pas ture produc tion under di fferent s to cking rates ( c.ni.mals/uni t area ) 

and differt-mt types of s tock . 

Campbell ( 1 969) measured the annual D . r1 .  produc tion of pas tures 

grazed by sheep at 10 and 1 5  ewes/ac re . In both treatments the spell 

T.!:le lo�er s tc -::king rate tredme!l.t 

outyielded the high stocking rate treatments , in terms of D . H .  pro duc ed, : 
by 25% over 2 yea rs . Hull .?.t. .511. ( 1 961 ) who grazed beef cattle at 5 

stocking rates (1 . 3  to /,._. 7 aDimals/a c r� .. ) on i rriga ted pas tures , also 
found tha t pasture produ.c tion declined wi th inc reased stocking rate . 
1'he spell be t\.roen grazing in this cc.se was 35 days fo r all treatment. 
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Carnpbell 1 s experiment hoHever, included a further treatment in 

which pas tu ro grazed by the r...igher s tocking rate ( 1 5  ewes/ac re )  was 

spelled fo r 28 days betMeen grazin�s . Pas ture produc tion in this c a s e  

was 50% higher than that obts.ined w;.de r  th e  same s to cking rate and a 

s even day ro tation . 

Gordon e t  al ( 19oG) cons ide red thc.t the neglec t of g1·az ing 
pre s sure raeas ure::1ents 

( 1 ) co uld be a maj o r  reason fo r the hcrge errors 

and poo r  repea tabili ty o f  pas ture experir:wntation. L11 vi ew of B rougham 1 s  

res ults ( discu s s ed in Sec tion J . 2 .  J) regarding the effec ts o f  defol:i.a.ti.on 
height G l'ld t.he interactions bet�•e en this ,  length of spell cmd the s e a son , 

i t  s eems loGical that S0r.rl'2 meas 1 1re of gra � :i.r:g pressure and the re sult3.nt 
g ra zing height are nec es s ary b efo re t,he re sults from s tocking ra te and 

length of spell experitnen ts c c..n be very meaning;ful. 

Hull Q_!,_ a l  ( 196 1 ) also sho'v-red. that '<Jhile pasture reerowth from 
hard grazed pas tu res ( those grazed by higi2er s tocking rater; ; \·ras higher 
in pro tein content, loHer in lignin content, and henc e hi[�he!' i n  enere::y 

value, the ac tual pas ture C 01ls umcd by animals at thE' hi;;b cr s w cking 
ra tes V£.:.S loHe r  in ene rgy value than pasture consumed by a.'1irnals at 

I 

lov1er s to ckin.; ra tes . This re sult \.Jas explained by the reduced 

o ppo rtuni ty fo r s elec tive grazing at the higher s tocking rates . 

Campbell ( 1966a) has shown that hi ghe r  gra z ing pres sure allows � 

les s dead fo rage to accumulate i n  the pas ture . The results o f  Hull 

e t  al hoHevc r, s u;:;Jes t tha t differeoc es in pas ture quali t.r ( elle r.:;y 
value) bet,,1een pastures gra z ed a t  v:1 rio us gr.-i�inz p res sures may no t 
be a true rep resent3.tioa o f  the differences in t�e quality o f  pas ture 
actually c onsu:ned at tho s e  grazin;:; p res sures . 

The p resenc e  of grazine animals also affec ts pas ture pro duc tion 

by mechanical damage callsed by treading. 

Hull e t_ al ( 196 1 ) found tha t  D . il1 .  yield frolll a trea ttnent cut 

( 1 )  Grazing pres sure here means the relationship between f eed avai lable , 
and the number of animals prese11t, 
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fo r sihge in their expcriw.ent, and henc e no t s ubj ec.: ted to the damage 
caus ed by an:i_mal hooves, . was about 35�6 highe r than the treatment sub-

j cc ted to the hi ghest :�rl.l.zi:o.; pressl<rL:, Somn of thi.s e ffect ho weve r ,  1 
co uld have bc ::m attributod to differenc es in the defoliatioa heic;ht 

betiveen the cu ttin.e ann graziL18 tr e a b1ents . 

EdJllOtld ( 1 974.) has shown tlv-t t  treadi .. 1g h;v sheep (at 49" 4 
equi vali3Llts/ha ) ( 1 ) does reduc e pas ture yield by up to 30/� . Clover 

plants Here .no re susce;)tibh� than ryegrass in a lJixed 3\·!L� .�·d , and 
treading effec ts were g reatest when the so i l  was at o r  abo ve fi e ld 

c apacity. 

Camp bell ( 1 966b ) has examin,)d tc,.e effe:; t of t.ccadi,J.C by du.i ry 
COio/S 011 autur!ln- saved pa s ture graz ed in late winte r ,  TiJO stock:i.ae 

ra tes were u s s d ,  60 co�Js/acre/day an d 1 20 cows/ac re/day , and pasture 
wc .. s movm as a con tro 1. The pas tL1res Here c lo ;;; e to fi eld capa c i ty  
a t  the tio t::: o f  grazi�e and h<m:ine. )1.f te r  trEJa t:uen t, pas tu re y:Leld 
Has measured as the diffe rc�1c e betwe<:'tl ;?O s t-gri:lzi.'1G :::ec; j. du0 r:.nd the 
amount of pas ture pres etlt before the next grdZL"lg , Differenc e m ea s u re-

ments co:1ti.1uE.:d fo r the re.nai(lder of t..'fJ.e Hi."lt�r a•ld the'! fo llO\·Jint; 
sprine an.d SUlll,-•ler, duri.nc· which timG all treo.t.ne:1t� were s ubj e c ·i::;ed to 
the s am e  crazi!16 trei:i t:uon t. Three yea rs da t':i Here coll€'c t.::d, 

Little va riatio n iLl pasture yi eld vm s illen.s ured be Lreer1 the 
trea t·nen ts , al t!wugh large variations in pas tu re yield '.o/L� l'•3 1neasur-:3d 

be tween years . Camp bell concludosd tha t the SI!lR.ll lo s s es as s o c iated 

with treadine wo uld no t affec t aniJlal p ro duc tion . 

3 . 2 . 4. 3  The Effec t  Of Fa eces 

The faeces dropped by animals durine erazing will also affec t 

pasture produc tion . . 

Greenhe.lgh anc.l Reid ( 1968) conducted an experime·'lt where d.t."l.i ry 

( 'I )  Edri'lond ( 1 958) has es timated that a gra z j_ng sheep Falis 1 .  7 miles/ 
day. Sinc e a rac e  one rnile long x L1• 1  1 01 1  wide equals one ac re , 
Edmond expres ses the treadine effec t of 10 sheep \..ralking through 
a 4 '  1 0 11 wide race daily as equal to 1 0  sheep equi-.ralents/ac re . 
Si;nilurly 300 sheep 1..ralk.ing th:r>x.lgb. the race onc e  every 30 days 
repres ents 300/30 "' 1 0  s hee!) equ.i vale•J ts,lac re . Th<:: figure 49 .,4 
equiv&len.ts/ha desc ribed by Edr:.o ad ( 1 97/+ ) equals 20 she ep/i::!c rej day. 
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CO\-TS were gra2ied at tHo levels of grazing pres sure o n  pas tu re that 

had previousl,.v been ci tl-J.er mo\m or f,raz ed. The previously graz ed 
pasture had 2. s;; of i ts area cove:: red by faec es . By meastu"'ing the 
amount o f  pas ture rej ec ted in subsequet1t grf.lzing they concluded that 

the presenc e o f  faeces affec ted ani::nal intal�.:e o ve r  an area 8 - 12  

times t..'rJ.e size o f  the ac tual a rea co vered.. 

3 • .3 Pas ture Pro duc t�,.on Da,t!:1 Used In Thi�_ S"ti._t,y,cr 

It has been shO\·T: l that pasture produc tion va.cies Hi th the length 

of S�)ell between grazi::1;3'S and the severity (height) of gra.zi:a.e . The 
interactio11 of thes e  t·,:o fac tors t-Ji th s eas o nal, climatic and ani,ml 

fac tu rs can lead to ch.L!11t;es in pas tm.·e co<:lpo s:i_ tion and pas tu re pro­
duc tion thr-ou�hout the year. 

Pollc.:..cd ( 1 972 ) de:cived a set of regro' .• th c urves fo r a mixed 
S\-Tard ( ryegrao s/clover) growine in the :i?aJ.w; r.s tm1 i{o rth J oca]_i t,>r in 
an average year. 

provided by D . ,::> . I . R .  Gras sh.nds Dlvis.i.ofl. s taff based on thei r k.:-toHledge 
of ho\-1 pas tttre was li..�cly to produce under br;Hine c.onni tions . 

Throu;hout the year defoliation height was assue1ed. to coinc ide 

wi th tho se fi gure s sugges ted by BrouE;htun ( 1 970 ) ( pres :.:;11ted in t.?.ble .3 . 1 ) . 
Associated vJi th this patte ru o f  defo liatio n heigh t. Hould be a pattern 
of pas ture cor.J.f)() Si t.ional ch.anee - a patten1 thc.'1. t acco rdi ng to Brougham 

should provide consis tently high D . !1 .  yields . 

Hright ( 197.3b ) using the data from ?o llards s tudy and o ther 

unpubli shed data simulated a s e ries cf relationships bGtween D . i-1 . 
pres ent and pas ture growth rate fo r all weeks o f  the year. 

From the s e  data i t  was possible to cons truc t a seri es o f  pas ture 
regrm;th c urves wi th the daily D . H .  increments as a function o f  ti�e 
after defo lia tion a.11d defo liation height. Individual curves were 

cons truc ted fo r regro�·rth after defoliation in each week of the year. 

While the data generated by �Jright referred to po tential growth 

rather tha.n the ac tual growth that may be expected in any parti cular 
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year, they did give some idea o f  the effect that grazing height ma;;r 
have on pasture regro\, th. 

As Hell as plo tting D . H . prusont abcne defolia-tion hej.ght as a 

func tion of ti:ne after defolia t.iou fo r a rant;e of  grazi..YJ.e sev-eri ties 
(hi.�ights ) ,  the actual daily i..'1.c :ce�ents in D . H .  pres ent Here also plo tted. 

Gene ralised curves arc sho1m in Fig. 3 . 3 .  

As \oro uld b e  CX'_2ec ted fro�::� the HO rk of  Brougham ( 1956 ) ( 1 ) the 
rnaxi.:.tiUG.l do.iJ.y grrx.,rth rates achi eved after defo liation. at a r3..nge of 
grazing severi ti es Y"'.:J.ri ed little . The ti:'lc take!l fo r tJ1e pas tur·� to 
achieve ma.nmun daLly groHtl1 rate did vary Hi th defo b ation height. 
In Fig. J.  J th•3 maxi!.iltH daily gro•-rth rates .chieved e.ftor graz ing .::-. t 
either a. HIGH o r  IJJvl grazing height are s i:ni l? .. r ( C ) . The time tab?..l 
to aelrie·ve this !.il!lX.:i .nu�.1 dai ly gro· .. 1 tn rate h:) lvdve rs is (d; d a,ys foll.ouin� 
a HIGH defo liation, an.d (e) days fo llo\.;ing a L0�� defoli£:.tion . 

The d.iffere�1c: cs in pas tllre regroHth (2 ) due t0 gri.izi:J.g se '/2r:i_ 4_:.y 
were greates t over tl1e late S_:JrinJ and S UJ.1 1 e r  per:i.od[� .  'l'hiG re sult 
would be e::-.p 8c ted sin c e  the luveli3 of  inc i.r<c :1t light a t. tha t tL:'; o f  
the year n re a t  their na."'..imt.Fll , and Bro ughtun ( 1956)  Wi.S sho;:n the ini ti£::.1 
regro·.,rth o f  pas ture is dei)endru1t O t1 the perce:1tage o f  i.nci den t 1 i.:;ht 
inte rc epted by th e pas ture residue (discut:sed. in .::>e c t�-0!1 ) , 2 .  1 ) . 

The figures siuulated by :Iright) and the regroHth func tion:3 
!.leri ,red from t.h8c:t , take no account of changes in pas ture co:n po sition , 

and hence future chant;es in pas ture pro duc tion due to composition.al 

changes induced by hard o r  l� grazing . Duo to a lack o f  o tJ1er quan-
ti tative dat.-'3. o n  this i..11terac tion, the data made avai lable by '.olrigh c ' s  

simulation was us ed to cons truc t a family of pas ture growtl1 curves fo r 

this study. 

In o rder to devise this family of regrowth c urves it \Jas as s 1.aaed 
that grazing could occur a t  ei ther one of two grazing heights in each 
period of the year. The HIGH gra.zine height fo r atlY perio d  HaS assumed 

( 1 )  
(2 ) 

Discussed in Sec tion 3. 2 .  

The d:i.ffere{.l.c es in pas tu.re regro\-1th may be measured a s  the abso lu te 
difference between the reg:rt..1wth c urves a t  some point in tine i . e .  
tl1e horizontal dj_ s t.ance be t\-:een the HIGH and J.D;o[ c urve after d days in Fig. 3 . 3 . 
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to be 200 Kg D . ;vl ./ha abo ve the grazing height used by Pollard ( 1 972) � 1 )  

The lC\.! grazing height as as sumed. to be 200 Kg D . H./ha belo,., the height 
specified in Pollard ' s  s tudy. 

Then based on · the differenc es in pas ture regroHth shown to exi s t  

be tween pas tures grazed to different heights in Hright' s ::�iruulation o f  

pas ture pro duc tion , a HIGtl and a l..OlrJ regrm.rt.h c urve v:cre drawn al:JOut 

Pollard 1 s regro w th curves fo r each s eason of the year. In this \<lay a 

fami ly o f  regro\orth c urves fo r each of two defoliation heights was con­

s truc ted . 

J.  J .  1 Assumpti o�1 s involved In Defining Pas ture Regro H th 

Inh e rent in this method o f  defiaing pasture regl'O\.;th func t:lons 
i� the assumpti. o n  tha t the difference between the grazitlg heights u s ed 

in thi s s tudy and tho s e  used i11 Pollard 1 s s tudy (:!: 200 Kg D . H . /h!i ) did 
no t marl..edly af fec t  pas ture composition . Heace the re la ti0 11shi ps 
be tween pasture compo sition and D . t1 .  p ro duction o ve r  the who le year 
re:1ain ess eL1tj.al1y the same a.s in Pollard. ' s study . Furtn s·rt'lO re , 

abso lute levels of D . 1·1 . p re s ent befo re o r  after graz:Lnc.� , as in Po llard 1 s 

s tudy, c armo t be s p ecified.  O nly the pas ture regro..,rth avai lable fo r· 
grazing above a HIGd o r  a I...OiJ g raz ing height can be specified. Tne 
relat.i.on.ships beti.,re en D . i·1 . avai lable fo r grazing and ti:ne after g razing 

HIGH o r  lOiv in each uonth of the year are presented in Tables J. 2 and 

3 . 3 respec tively. 

The pas ture available fo r grazing i s  defined in terms of Kg D . H . /  

ha . Pas ture quality ( energy value) is assumed no t to vary wi. th heigh t 
of grazing or  the length of spell between grazings , at least fo r the 

range specified within the model�2) 

( 1 )  While the grazin5 severity (height) as sumed in Po llard 1 s study was 
bas ed on Brougham 1 s recotninenda tions ( Table J .  1 )  the abso lute amo w1t 
of pasture residue after g raz ing in each period \,ras no t specified 
in terms o f  D . M . /ha. 

(2)  Differences in pasture quali ty throughout the year are considered 
in the calcula tion of animal feed requi remeats (Sec �ion 4. 5 . 1  • .3) .  



The effec ts o f  grazing animals on pasture productio:1. due to 

tram�En� and d efaeca tj . •l1 are assucned to be inco rpor:: ted i:nplici tly 
in t.he defined p<w ture regro\,th func tions . 

3 .4  The Pas tu.re Produc tion I·1odel 

In real- Life grazin� systems the �Qnager m�es some dec i s ion on 
the a rea of pas ture to be grazed in any period of the year, aild hence 

the amount of  pas ture D . Ivl .  the animals are offered, after considering 

the amount of feed on hand, the amow1t of feed likely to gro w ,  and the 

level o f  pro duc tio:�. he \o-Ji shes th e a11itnals to attain , 

The frequeacy '"'i th Hh:i.ch he makes this deci sion depe:1.ds on how 

o ften he decides to shift the animals to fresh pas ture ; a decision 
\vhich i s  dep end�:1nt on the amou..1.t o f  con trol he .,.,>ishes to exerc i s e  over 

the proble;-J of matching feed s uppl i es and feed demand. 

). 4 . •  1 Pas ture P:ro d�te tion ?0 s G ibi li ti ss 1 ii thin Tile ibdel 

The grazint; year has been divided into )0 grazing periods . 

Thes e  are presen tod in Table 3 .  4. Grazilli£ peri o ds 5 - 27 incl11si ve 
are of 14 days , Hhile periods 1 - 4 and 27 - 30 , ( the periods in ...:hich 

maximum rates of pasture gn)wth occur ) are of 7 days each. 

In each p e riod o f  the year the mG del can vary the amount o f  

pasture available for grazing by choo sing : 

1 .  the area of pasture to be grazed 
2.  the height to which pasture i s  grazed ( either 

HIGH or LO:�) 

The decisio11 to graze a cert.ain area of pasture in any perio d 

deteTh1ines the length o f  spell between gra?.ings sinc e ,  lll all pe1�ods , 

the to ta.l area o f  pas ture mus t be accow1ted for as being either grazed 

or spelled. This decision ( length of spell) plus the height to vJhich 

pas ture is grazed in any one period determines the a�ount of pas ture 



Ta.ble � 

Ho nth 

Jun 

Feb 

Mar 

Apr 

Hay 

.Jun 

Jul 

Aug 

Sep 

Oc t  

Nov 

Dec 
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He 1a,�i.O.G.E"!.ll.1.n • .J?.�it'���l:1 _Il L�1!.-!10.&I'2.� t!}_ (K_g/.tJ:-iL..-And 1.�1[1.� 

1 2 

200 500 

380 

300 

320 

170 

1 60 

220 

220 

2 1 0  5 50 

31 0 780 

260 750 

275 6oo 

f.l�eQ)i_�L§inc'2_jJ:r�J.zjJ1f�!f.?-.Eh 

3 

890 

700 

500 

o20 

340 

280 

330 

500 

1 000 

1405 

1400 

9'75 

1.o£1£:.·Ji.:Lo L:W.Q.1lJ.\'@_ G)S'iL 
4 5 6 7 8 

1 220 1 550 1 79D 1 870 1 900 

1050 1 3 1 0  1 5 1 0  1 670 170D 

800 1 1 00 1 )80 1 600 1 680 

900 1 170 1 390 1 500 1 570 

500 670 900 1 060 1 1 20 

390 560 7 30 900 1 060 

500 730 950 1 230 1 5 1 0  

900 1 350 1780 2250 2550 

1 500 2 1 20 2670 3220 3550 

2020 2680 3350 4000 4400 

2000 2550 3000 3300 3500 

1 390 1775 2060 2200 22 1 0  

9 

1 1 50 

1 :�30 

1 1150 

10 

1 1 75  

1 J�30 

2 1 30 



Table .3_..3. 

Mqn.t1 
Jan 

Feb 

l1ar 

Apr 

He.y 

Jun. 

Jul 

Aug 

Sep 

O c t  

Nov 

Dec 

- �.$ -· 

Re h. tiQ.G§.h.:i-2.. Bet'd.QQ!l D .  M, fb.Jll.'Q.>1th ( Kg;Lb H. Llill(l_:fim � 

.0.Je�s.rJ_�:h_v,g_e Gr9-�ing lQ.!i 

Lenf�t�_oL.sJ2.�ll_Cwc�':.U 
1 2 3 4 5 6 '7 8 a 1 0  / 

"1 58 380 700 1050 1400 1 t)20 1 860 1 880 

200 500 800 1 1 10 1 /rOO 1 620 1700 

200 38D 6oo 890 1 220 1 500 1 680 

250 �FO 7'70 1070 1 350 1 580 1 6;)0 

170 340 500 670 900 1 060 1 1 20 1 1 50 1 1 75 

1 60 280 390 560 730 900 I Of>O 1230 1/;.30 

220 330 51YJ 730 950 1230 1 5 1 0 1 850 2 1 30 

1 80 400 780 1200 1700 2200 2550 

/. ()() --.. - - 820 1 300 1900 2.520 3 1 50 )600 

560 1 060 1 600 2Lr00 ) 1 60 3850 4300 

200 520 1 080 1 600 2230 2800 3220 3480 

1 60 410 750 1 120 1 50.') 1 875 2 1 00  2250 
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Pex..h..q_Q, IncJ '.lg��J2�\:>::'! 

1 .. - 7 i'lovot!!ber I 

2 8 - 1 1.:- 1 1  

3 1 5 - 2 1 I !  

/+ 22 - 28 1 1  

5 29 - 12  Decembe r 
6 1 3  - 26 11 

7 27 - 9 Janu.<� ry 

8 1 0  - 23 11 

9 24 - 6 l!.,ebruary 

1 0  7 - 20 tl 

1 1 2 1  - 6 Harch 
1 :2 7 - 20 11 

1 3  2 1  - 3 Apri l  

14 4 - 17 1 1  

1 5 1 8 - 1 fvfa�r 

1 6 2 - 1 6 I !  

17  17  - 30 !I 

1 8  3 1  - 1 3  Jt:.nf3 
19  1 �. - 27 If 

20 28 - 1 1  July 

2 1  1 2  - 25 i1  

.22 26 - 8 Augus t  

23 9 - 22 11 

24 " 23 - 5 September 
25 6 - 19 11 

26 20 - 3 Ocrober 
.27 4 - 10 1 1  

.28 1 1  - 17 11 

29 18 - .24 11 

30 .25 - 3 1 l t  



'l'abl<L.}....j_ 

.Eillj,g_Q 
1 

2 

.3 

4 

5 
6 

7 
8 ·  

9 
10 
1 1  

12 

1.3 
14 
1 5 

16  

17 

1 8  

19 

20 
21 

22 
23 

24 
25 

26 

27 

28 

29 

)0 
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!f.�x--imurl} _ _!.lnd Hi n.irmrn Spr-J).s And Sr)r;-JJi!le._Opt.i0ns _!'...fter 
Pas t1.1 re Is GrA zed l:o-.t' E:=tch ?eri2d OJ The Ye.<J t 

Len_g_t:b- of Spell On_tion&.J_<;l� 

14 2 1  .3 1  

14 24 .38 
1 7  .3 1  

1 0  24 .38 

1 4  2 8  42 

1 4  28 42 
14 28 42 
28 42 
28 42 
28 42 
28 -4 2  

28 42 
28 42 
28 42 56 

28 42 5b 

42 56 70 
56 70 

56 70 

56 70 

42 56 
L(2. 56 
42 56 

28 42 
28 38 
14 24 .3 1  

17 24 .3 1  

14 2 1  .35 

1 4  2 1  .35 

1 4  21  3 5  

1 4  2 1  )8 
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3. 4. 1 Pas tur� Pro duc t-i on Possibili_ti es �:li thin The Model ( Continued) 

avai lable fo r grazing in s ubsequent periods . 

The lenGth of - spell for \!hich pas ture t.iay be s pelled after 

grazing is cons trained : 

fi rstly within a minirnwn and max.Luurn spell 1-.rlrich 

varies with the time of the year a t  which grazing 
takes p lac e ;  

.... and s econdly i n  the numbe r  of spelling alte rnati ves ! 
Hi thin that range. 

Haximun and ULinimul11 spells are defined in Table J .  5 along wi th 
the spr,;lli.D t_:: options fo r pas ture grazed in each period � 1 )  The range 
o f  spelling dates a!'e CO:illilOn to pas ture grLzed Hi GH <wd l(J',,J and coincide 
approxime:.tely with tne beginning and end o f  tha t period of re�rowtb Hh en 
u�axiwum daily increments of D . n .  o ccur. 'l'hes e  ranges also coincide 

approximately \.Ji th the spellir.g tim es suggos ted by Brou,;hi1 m  ( 19'7C )  
r.:hich are pres ented in Tab] e J .  1 .  A compari son bet\;een Broueham 1 s 
recommendo.tions anci the ra"lge of  spelli�1g Ol)tions specified ia the model 
is p res ented in Table 3 . 6 . 

- � _ { 2 )  
The .:.:itruc tgre O f  The Mod.c.L ' · 

Each of the .300 pasture ac tivi ti es (Pj ' s ) included in the model, 
represents one hec t1:1re o f  land spelled from the mid-point o f  one p e rio d 

a.�d making pas ture available fo r grazing in some later perio d .  

75 of the pas ture produe; tion activi ti es repres ent pas ture grazed 

( 1 )  The reasons fo r limiting the number of spelling op tions are discus s ed 
in Sec tion 3 .  I.,.. L1• along Hi th reasons fo r the apparently uns.)".nmetrical 
na ture of Table 3 .  5. The lim.i tations of defining spelling length 
wi tlo..in the model are discussed in Sec tiou .3 . 4. 2  and more fully in 
Sec tion 6; 

(2) The mathematical structure of the pas ture produc tion matrix is 
des c ribed in det.::J.il in Appendix 1 .  
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P..IGH in one period, spelled fo r a specified time , and then grazed HIGH 
again in a subs equent p � riod .  

The ac tuul J.ene;ths of s pe11 beti,re en gra:dng a re tho se defined 
in Table 3. 5 .  Fo r examp1e , the firs t pas tu re produc tion ac tivity ,  P 1 , 

spells pas ture grazed HIGH in perio d 1 fo r 14 days (i . e . Uiltil period 3)  

\vlwn the pas ture -c �  a;:lin be grazed HiGH. 

P2 spells pas ture grazed HIGH in period 1 fo r 2 1  dJ:.1ys (w1til 

period /+ ) .  

P3 spel1s pas tu re gra z ed Hi GH in period 1 fo r 3 1  days • . • • • • . • • 

• • • • • • • • • t.h ro Ub h "tc> • • • • • • • • • • • 

P74 spells pasture grazed lliG!L in p e riod 30 fo r 2 1  days (i . e. 

into period 3 )  

P75 spells pas tu re graz ed HIG,-f in p eriod 30 fo r 38 days (into 
period 5 ) . 

Similarly 75 ac tivi tie s  (P7b - P 1 50 )  arE.• defined fo r pasture 

gra z ed Wl.J, s p elled , and then avai lable fo r grazing ID'W again. 

Activities P 1 5 1 - P225 alloiv pasture graz ed HIGH to be spelled, 

and then grazed UJ:.J, o.nd ac tivities P226 - P300 allO\.' pasture grazed 

W\.J to be spelled and then grazed HIGH . 

Comparison Of Spellil).f Lengths Al10\ved In The Mo del 
lh iJl. Tl)e Recommendations C f  Drougham _( 1g7o) 

B�ugha.m 1 s ( 19'70 )  

Recommendations 

Constraints on 

6 - 8 

spelling length us ed 6 - 1 0  

in the model ( see Table .3. 5 ) 

Length of Spell (in weeks ) 

Spring SUJilmer Autumn 

.3 - 4 4 - 5 4 - 6 

2 - 5 2 - 7 .3 - 8 
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3 • .1; . •  3 The Rep_resenY:1tion (Jf The GrEJ�ing PrQc es§. By The Mo_del 

Anim.a.l feed requirements (discussed in Sec tion ti-. 5 . 1 )  are 
specified on a p er head basis for each perio d  of the year so that a 

predeterntinecl level of animal perfo r111aLlC e ( Eve1n·ei.ght gain ) is achieved. 
The pa:-> ture pl'Ocluc t.ion mo del is n=�qui red to define a grazing GJanage:nent 
pJ.a.n (a rea of pas ture grazed and. height w v:hich. pas tu re i s  gr:;:.zed in 

each perio d )  so that the maxic:.um num b er of anima.ls rnay be gra z ed \;i thin 
the systelfl; snb j ect to the res triction that the feed SUPl-'li ed in each 

peri o d  of the year (deten;�ined by the are<'\ of pas ture and the height 
to '"hi ch pasture is graz ed ) is grea ter thc.L'1. o r  equal to the feed 1·equired 

in each period of the year (which is the pred e te n1ined per head feed 

requirement tim es the number of aniw.::.ls run 1.n tl:8 sys tera ) .  

Henc e the area of pasture gra:::; ed. in each period o f  the yea r ,  as 

cho s en by the pasturE: pro duc tion model> 1.s ac tually gr&�3ed. o v e r  a 14  
or 7 day period depending on the pencd o f  the year i t  refers to .  1'1-D_s 
may be related to the real-life si tuat.i0n by the example beloH.  

(Refer to r1 i n  Table 3 . 7 )  

As sume the model decides to r:1ake fe ed avai1able in pe rio d 3 by 

including 1lJ  ha o f  activity P1 in the grazing management plan. P 1 
takes pasture grazed HIGH in period 1 (a 7 day period ) , spells i t  fo r 

2 x 7 day periods and makes pasture available down to t.lJ.e HIGH grazing 

height in period 3 (a 7 day period from November 1 5 - 2 1 ) .  

Where the animals in the real- life si tuation are shif ted to 

fresh pasture every day then the model assumes that � of 10  ha is fed 

on each day of period 3 so that thP daily feed requi rements fo r that 
period (per head requirements times the number o f  animals in the sys tem 

divided by 7 days )  are met each day. Furthermore, the model assumes 

that the pasture fed on the 1 s t  day o f  _tJeriod 3 (!�ov. 1 5 )  \·las las t  grazed 
on the 1 s t  day of period 1 (Nov. 1 ) ,  14 days previousl,v. 
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In fac t the model ac t:.m1ly as sumes that pas ture is gr[,zed 

ins ta11tancous ly at th e riLici-point of each period. 'l'ha t is the feed 

requirements of the a.nil!lals in period 3 aro met by grazing the 10 ha 
of pas tD.:ce suppli ed by ac ti vi ty P1 on the 1 8th of November, 'l"Din 
pas ture was previousl,y grazed at the mid-point of period 1 (rJov. 4 ) .  
'fnis is a shghtly ruo re accurate intervretation o f  hoH the ICodel 

rep res ents the grazing pro c e ss sinc e the exflanation in the example 

orl page 53 assumes that the regroHth of pasture grazed on the 1 st 

Novembe r  i s  the s ame as that grazed on the 7 th iJovembcr. 

It has already been s ta. ted that a basic res tric tion within. tile 

model i s  that pas tu re suppli ed in cadl period ( o :c each day wi thin a 

period)  rnuG t be greater than o r  e qual to the feed requil'ed in that 
period (o r  day Hi thin W..B t period) • 

vlhere the feed requirem0-nt specified for a pe rio d  (d<.t:i )  is less 
thun the amount the animals H �  thin the sys tcrn wou.:'._d eat in a period (day ) �  1 ) it is as s Ullied that the system !ilanager shifts the a.1ir�,a1s off 

the grazing a rea after they have achi.eved the intc:..rce specifj_od fo r 

that perio d (day ) .  

If the pas ture produc tion model makes available only enough 

pasture to meet the period ( d:.ly ) fc�ed requirement, the time CJ.t which 
the animals are shifted fro!J the grazing area coincides ui th them 

reachine the grazing height specified by the pasture produc tion ac tivity 

supplying feed in that p erio d. Where the model makes availc1.ble mo re 

pas ture than the perio d feed requi rement then the animals are shifted 

off the grazing area after they have attained tho spec ified intake 

wh.i.ch means that pas ture abo vl?. the gra.zj.ng height i-Jill remai n.  Since 
all pasture regrowth functions wi ��n the model are specifi ed from a 

one of two pasture residues (HIGH o r  LOI-i) this excess pas ture is assumed · 

( 1 ) i . e . the prede.termined feed rer1uireme.'lt is less than tho po tential 
daily per head intake of the ·animals . The conc ept o f  potential 
daily in take is discus sed in Sec tion -4-. 2 .  1 .  
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Period 1 '� """'r-----. 

Period 2 

Period 3 

Period 4 

Period 5 

5 
6 
7 

8 
9 

10  
1 1  
12 
1 .3  
1 4  

1 5  
1 6  
17 
1 8 ..,._  ___ __, 
19  
20 
2 1  

p2 22 I 23 I 24 
25 --�--------------� 

26 
27 
28 

29 
30 

Decembl3r 1 
2 
3 
4 
5 �-------------------6 
7 
8 
9 

1 0  
1 1  
1 2  
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3 . 4. 3. 2  The Height To Hhic h  Pasture Is Gr�z ed (Continued) 

to et ther s ene s c c  or be removed mechanically and pas ture regror�th begins 

from the spocifi ed residue � 1 ) 

3 . 4. 4  9.9l'}r�_ent....Qn 'l'bo_J_.eagj.t.J. Of S.nel).. O:pj;.iorg;_j{:j.J:...illJL111.e Pas ture 

Pro due t.ion Ho cle 1 

As discu s s ed earli e r  the grazing year is chvided into 30 perio ds . 

Length of spel� options are in multiples of seven days v-Jhe:re po.sture i s  

spelled fro;n the mid-point o i'  one s even day period u11til the mid--point 
of another s even day p erio d  ( e .  g. P2 in Table ) . 7 ) . Hhere pa sture is 

spelled betMeen the mj_d- points of tvro fourteen day pe rio ds the length 

of spell options are in multiples of fourteen days . 

Lencths o f  spells whi ch are no t in multifles of s even o r  fourtec� 

days ( e . g . in Table 3. 5 the 3 1  day maximum. s pell fo r pas ture gro.z ed in 

period 3 )  are nec e s sary ,.,hen pasture is spelled from the mid-poi,lt o f  

a s eveL1 day period until t..l-10 mid- point of a fourteen day p e rio d or 
vicc- vF:rs a .  Th e  rep res entation of P; (which spells p�s ture fw;:1 Period 

1 to Period 5 )  in 'l'ccble 3 . 7 illus tr<J.tes this . The mi d-point <J f F e ri o d  
1 i s  mid- da.y o n  the 4th Novei;iber, .3 1 -� days p!'evious to the mid-poj_nt of 

period 5 \.Jhich o c c urs b e tv1e en th e  5th and 6th Dec ember. The half-day 
was neglec ted \..'hen calculating D . N .  production associated wi th this and 

similar ae tivi ties . 

To approach reality, each day of the grazing year c ould hc:·we 

been considered as a grazing period. Length of spell could have then 

been defined in multiples of one day. However, allo\1ing the same 

number of spelling options as specifi ed in thi s model (i . e .  75 options 

fo r 30 grazing dates ) and allo\ving the treatment of grazing height as 

allovJecl il:.. tr.J.s 1LO·:h"l1 (i . e . HIGH to HIGH, HIGH to LO"t!, LO"vl to ! ... / .. .':·1 and 
lOW to HIGH) v-10 uld have involved the specification of (365 x � x 4) = 

3650 activities . 
( 1 )  In fac t this assu1nption is not c ri tical: since as ahown in Section 
5 . 3. 2 , the e:x:perimonta.tion is an i te rative proc edure . The p redete rmined 
pattern of 1 . \·I . G .  (and period fead requirements ) are chaneed in the light 
of info nnation of 1 1slack11 and 11 tight:r fe ed periods tw t.il a grazing manage­
ment pJ.an is devised such that no mo re animals c.an be run 1 •• d. thin the 
system. 1�t this point surplus fe ed above the grazing heights is minimal. 
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\fuile the Hatbemati cal Programming System, Tempo, on Ha ss ey 

University ' s B6700 compu.te r reputedly would have han dled this numb er 

o f  ac tivities , the interpretation o f  output data generated by the 

model wo uld have been a difficult tasd 1 ) 

The inclu.sion of seven day periods o ver the spring pe rio d 
allowed the model to becorJ.e more s ensi tive to grazine ma..'13.gemen t at 

th11.t time of the year when pas ture growth WCJ S fe. s teHt. 

By allov1ing three length of spell options fo r the spring - early 

stUl:Jl er p oriods of the year, Hh8n pas ture groHth rates are at thei r 
highest, and two spelling op tio11s fo r the re s t  of the year; the number 

of ac ti vi ties wi thin the pas ture- p ro duc tion model was reduc ed fro:a 

J60 to JOO . 

The benefi ts from rl.Clldling tllis reduced numbe r of a c ti-....'i ti es , 

particularly in teru1s of output analysis , H e re subj ec tively as :.;;u:.o.e d  
to o utweit::h any dise.dvantage cauo ed by the lack o f  managet:J ent opbons 
that coulo be examined v!i thin the mo del. 

Only tvJO lenc:;th of spell optio:1.s ( 17 and J 1 days ; a.re inc lu.d od 

fo r pas ture grazed in period J ( see  T&.ble 3 . 5 ) .  Ta ble ) . 8  shr-Hs that 
the o ther option that may have been included v:ao a lcz1;t:1 of sp el::;_ o f  

7 days ( shovra by a.c ti vi ty Px i n  Table J .  8) . Such a spell wc. s considered 

to o  short to inc luo e in the mi:lnagernent options to be inves ti ga ted by 

the model. 

The o ther s eemingly incon�is tent cons traint shovm in Table J. 5 
is the maximum len�t.'f). of spell o f  ) 1 days fo r pas tur·e graz ed in periods 
1 and J, while 

is )8 days . 

in Table 3 . 9 .  

the maximum spell fo r pasture grazed i n  periods 2 and 4 

The reason fo r this apparent i nc onsis tency i s  illus trated 

A.."l.alys is of the pas ture p ro du c tion data used in the 

model shovJed that a spell of about 5 \ieeks was requl red if the period 

of maxirnum dail,y inc rements of D . H. vms to be covered by the management 

decisions the model could make .  As shown i n  Table 3 . 9 spelling pas ture 

( 1 )  TI1e cyc lical nature of expe rimentation with the mo del , di s cus s ed L� 
Sec tions 2 . 7  and 5 . 3 . 2 , depended o n  each run o f  the model being 
analysed quickly, input info rmation changed and the model re- run. 
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from pe rio d 1 :to period 5 (P3 ) allo.,ted a spell of 3 1 days . Extending 

the spell until period b . would allo\..; a IL.ax.imum spell of 1+5 days . In 
view of the pasture pro duc tion data on which tbc mo del \vas based this 
length of sp ell w2 s cc:1sidered llil\..Jarranted. Sirr.ilarly wi th pa.s ture 

spelled from period 2 until period b (Pb ) , a maximum spell o f  38 days 

is included in the mo del. Cons training t.b.8 length of spell from 
period 2 to per.i.od 5 vlo uld result in a muxi:nUJ.l SiJell of only 24 days . 
Hence the com_t)romi s e:  of a wa.xiumm spell fo r pasture grazed in periods 
1 and 2 of about five weeks ( P3 i s  four days under and P6 is thre e  
days o ver) \·Jas inc luded i n  th e  mo ciel. 

� s imilar analysis expl.::<ins the maximUlll spells o f  3 1  and :38 
days fo r pas ture gra z ed in periods 3 anc.l 4. 

Pas t.u.re regr'OHth data have b e en defined fo r each :nonth of the ycc�.r 
after defoliation at a HIGh and LO:J defo h<:.t.ion height ( :rables 3. 2 and 
3 .  3) . FroUl thes e  data a pasture pro clu.c ticn c u. n-.:: was extn,.po lat.ed 
fo r regro w th after defo liation to the HiGH and LW gr.J.zing heigh ts at 
the tnid- point o f  each o f  the grazing periods defined i n  Table 3 . -4 .  

Fo r example , as sume that the g�CJleralis ed. regrowtn curves sho·.m. 

in Fig. 3 . -4. represent pas ture regro\o1 th afte r  crazing HIGH o r  IiM at 
the tnid-point of peri o d  t. 

Then the D .  1. available fo r grazir1g in perio d ( t + x ) after 

pas ture had been [;ra zed HiGH in p erio d  ( t) , speUed fo r (x) days and 

gra z ed HIGH again in period (t  + x ) wo uld be : 

(a - c )  Y..g D .H./ha grazed 

Similarly the D . 11 .  available fo r grazing after pas ture had been 

graz ed LOW in period ( t) s pelled fo r (x) days and then graz ed W'tJ in 
period ( t + x) \.lould be : 

(b - d) Kg D .H ./ha grazed 



Period 3 

Period /+ 

Period 5 

Period 6 

Nove:aber 1 5  
1 6  
17 
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18 ----- �,------r--------, 
19 I 
20 I 
2 1 I 

I 
Px 22 (7 days) 23 

24 I 
25 � - - - - _ j  26 
27 
28 

29 
30 

Dec e:aber 1 
2 
3 
4 

p7 
( 17 days ) 

I 
5 -.-------------� 
6 
7 
8 
9 
10 
1 1 
12 

1 3  
14 
1 5  
16 
17 
18  

p8 
(3 1 days )  

19 �------------------------� 20 
2 1  
22 
23 
24 
25 
26 
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November 1 2 
3 

?eriod 1 J+ 
5 
6 
7 
8 
9 10  

?erio d 2 1 1  ... 
1 2  
13  
1/+ 
1 5  
16 
17 

Period 3 1 8  
19 
20 PJ 
2 1  (31  dCJ.ys )  
22 
23 
24 

Period ft. 25 
26 
2? 
28 
29 
30 

?6 Dece:1ber 1 
2 (38 days ) 
3 
4 

Period 5 5 6 
7 8 
9 

10  
1 1  
12 
13  
14 
1 5  
1 6  
17 
18 

Period 6 19 � 
20 
2 1  
22 
23 
24 
25 
26 
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). 5  �Lh...froc,!Q.c t:j,._Qn Associated lli th The Pas ture Pro d.uq tion Ac tivi ties 
(Continued) 

liJov1 where pas tu re is era zed H.LGH in period ( t) , spell ed and then 

grazed LOll in perio d _  ( t + x ) , tho D . h . aya:i.l.able fo r grazing in period 
( t + x ) is : 

Pa.stu re avai lable from HIGH regrollth cur-v-e .PJ:us 

the di fference in grazing heit:;;ht in period ( t + x) 

i . e .  ( a - c ) + ( c - d) = (a - d) 

Si.rn.i larly pas ture gra z e d  LCvJ, spelled , and then gra zed HIGH Hill 
yield : 

The D . H .  av.::..i lable from the LO,·I regrowth curve 

Less  the differenc e in grazinG l1ei5ht 

Fo r the genera lised example shovm in Fi g .  3. 4- LC\v to HIGH c;razing 
yields in r;eriod ( t + x )  

(b - d) - ( c - d)  = (b  - c)  Kg D . A . /ha grazed . 

SiUlilar calc ula tions Here made fo r each of the JOO gra z int; 

ac tivi ti. c s  inco r.t;or.<lt.ed in th� pas ture pro duc tiorl mode l .  

3. 6 Limi tations In The ?as tu re ?roduc tion Ho del 

The range of spelling lengths that may be chosen by the model 
after gra zi.ng in. any particular period is lirrited to tl).C>s e  that have 
been outlinen . The number of spelling l8ngth options c ould easily be 

inc reased, sho uld this p ro ve nec es sary, by consi.<leri.ng .u.ore 5razing 

periods wi thin the year. The basic restri c tion to inc reasing the 

number of grazing periods conside red in the year wa8 the inc rea� ed 

time that >Jo uld be involved ill analysing sys tem out.)ut. \.Jhile the 

Nathematical Program;ning .Sys tem, Tempo , on vrhich t.b.e; model was run 
do es inc lude an output analysis routine , i t  Has no t. in use at i:he time 

that the model was set-up. The time that would have been involved in 
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Pasture _f . .rQ..Quc tion After Q..razing HH�H and W\.J 
In Pel.jf�d ( t�l 

Total D . 11 . 
Pret>ent 

(Kg D . i-1 . /ha ) 

Grazing ) 

Heights ) 

a 

b 

c 

I IJYt! 

- - - - - - - -��� 

/ ! . I �--- - - - - -:- - - - - - · HIGH 
I 
I 
I 

d - -- - - - - - - - - - - - - · - - -· - - - -:- - - - - - - lDh! 

------ x 

grazin" point 

in period ( t ) 

I 
I 
I 
I 
I 
I 
I 

Time 

grazing point 

in period ( t  + x ) 
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setti.:1g up the output aaA.\;'sis routi:1e Has not corwide red j us ti fi e d  i::1 

vi ew of the obj c,ct.ives o f tnis s tudy (See Section 1 . 3 ) .  

Al tho tlgh the grazj.nz pro c e s s  i r:; represent'Jd in a rathe r simpli­
fied W3.y ( see Sec tion 3 . 4. 3 )  it  was COtlside :c�d suffici en t.}s realis tic 
to rncet the obj ec tivss o f  tnis s tndy, The advcnt·l�es to be t-:;aincd frc�;: 
expanding the pas in re produc tion rnodel a re di scussed mo re fully in 
Sec tion 6.  2 .  1 .  

Some initial experi!!l P.il"k. t:i.o rl Has carri 2d out to fin.d out t�e 
pasture produc tion tha t co uld. be 11 gl'O\!ll 1 1  by the :aodel undr:J r  the assurnp ticms 
of gr"azing height and leneth o f  spell tha.t a re di s c u.s s e d  abo v e ,  

The area to b e  considered \•la S  cons trained trJ one hect3..re a.rld the 
model was us ed V> maxi;nise ·me ·u1 t3.l PJlnual J . i·L Glade av:J.ilabl-2 fo l.' 

grazing. The m<LximU'll pro du.c ed was 1 5 , 9 1 5  Ke; D . A. p. a. 

The grazing patter;1 as s o c i a t�d Hi t..'1 t�s arlr1llHl pas t·J.re produc tio �l 

is shown in Fig .  3. 5 .  Pas ture D . H. ave.i lable fo r grazi�'lg is shovm o n  
the verti c 3.l a..u s  f ro lil  0 to 3000 Kg D . d./ha. Graz:i.ng pe rio ds and the 
months o f  t.l'}e year i:1. \vhich they fall a re s hO\·Itl o n  the ho rizont<:tl axis o  
The vertical lines sho\v th e  perio d o f  the year :i. n  which defo liation 

took plac e. The top of the peaks represent t1.e <:.mount of pas ture thn t 
was available in that pe riod and the vertical lin.es beloH the level 0 

Kg D . i'f./ha show that pasture grazed in all periods was grazed at the 
IUGH grazing height. 

The leneth of spell between grazings is quantifi ed in days 

bet'�'een the verticsl lines that represent each grH.zing. Pas ture, 

unde!" the manaeemen.t sya t�r!l cho sen by the model to maximiE! e  annual 
D . M .  pro duction, is  grazed 1 0  times during t.1'}(3 year. The lenet.h o f  

spell between grazines is the maximum allowable fo r all periods o f  tho 

year except those in periods 9, 17, 2 1 .  



Fie� 

2500 

2000 

1 500 

1000 

500 

0 
Days Spell m-

Grazing ( 
Height 1 

Periods 

HIGH 

I.Di-1 

Grazing Pattern Fo r Maximum Ant11,!al D . i·'l . ProQ.uc.J,j.cm From The No dcl, 

1 
I 

I 

( I 38 I 42 I 28 i 42 I 1.2 J 56 I 42 I 38 l 35 

to 

I 
,.. period 2 

I 

to 
__,_ period 2 

I I I I I I .,...._.._1 I ' ' ' ' ' I � • • J '- -' ' u' L ' L. ' ' ' ' ' . 0 8 1 0  1 2  14 1 b  

0' �-



- 65 -

The pattern o f  feed supply made available by the grttzing plan 
presented in Fig.  3. 5 \.Jill no t nec essarily be ob t'iinn.ble in a real- :Life 
grazing si tuation sii1.c e ani:nals mus t be fed itl each period of the yec-lr. 
However, the concurrence o f  the rnnximu!!l D . H. production ( 1 5 , 9 1 5  .Kg/ha) 

wi th the figu re ( 1 6  - 1 '7000 1 6  D . H ./acre ) tha t  Br01.'.5harn sut.me s t.s i s  
obtr.iinablo i n  the PalmfH'S i:r.lfl �Jo rth region LLD.do?r go od mana.e;etaent (Secti0!1 

3 �  2.  3) is consi :iered suffici ent valida tion o f  the pas ture production 

model fo r the purpo ses of this s t�J.dy. The effec t o f  varying the pas tLlre 

p ro duc tion rela tionships is conside red in Se c tion 6 . 2 . 1 .  

Pasture reg!\')wth, over tit:t e ,  follo\ving a severe defo lia tion i s  
dose ribed by a si;smoid cul-.,re . The daily ra t G  o f  regr�:n.-rth a t  s o.n e t.:i.,-rw 
.followine defo liation depends on a vari et;y- of fac to rs including the 

s everi ty o f  grazi�g . 

Pas ture production func tio ns tha t re1)resent the regroHt.t'-1 o f  
pas ture frotil two grazi�e s eve ri ti es are defined fo r a n  :::.ve;ra.ge year in 
t.l-J.e Palme rs to a  No rth region. This info r:nai:.ion is inc luded in a Linear 

Progrwaming taodel L11 s uch a way that pasture can be made av:1ilable fo r 
grazing in each o f  30 periods th!\) Ughout the year, 

Grazing height in each period is restricted to either the HIGH 

o r  LOW level defined in the model, and lenetm o f  spell betvH3en �razings 
are also res tric ted. 

The grazing hei3ht and length of spell restric tions limit t.l-J.e 

deg:::-ee of reality that the model represents . The maxi:nwu annua.l D . l1. 
production from the model of approxi:uately 1 6, 000 Kg D . l1./ha is con­

sidered reali s tic in light of the available research dat.t�.. 
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Blaxter ( 1962 ) ha s stttt.ed that mir.w r.als, vitamins, amino a_c j_d s ,  
and a sourc e  o f  energy are necessary for the maint.;nanc e and erovr\".:h o f  

- 1 anJ.ma _s. Gr·azed pasture normally provides adequ3. te amounts o f  m:L1.erals . 

It also p1u vi.des the necessary amino ac:i ds and vi. ��mi:Is , o r  at least 
subs tanc es from whi�::h the rw:ri.nan t ani1nal can sy!l t.l-J.t:�size the:n. 
the diet of the grazint_i' animal did no t include sufficient n1inf� rals , 
vi tami::J.s o r  am.i::-10 acids , a clea rl�f recogni sed cli!li ::al sy!-tcl rome \>/OUld 
develop. 

Sho rt'iges of feed ene rgy, Blaxte r claimed, vJere a mo re io:tpo rtar.t 
sourc e  of reduc ed ani;!l:tl produc tioi1, and as well, they le£;d o nJ y  to a 

gradual falli.lJ off L1. ani:nal perfo r:nance .  

\.Jithin thi s  s tudy, animal per-fo r::uar1ce is  assm'18cl to vary only with 
chaneinc levels o f  feed energy made avail�bl0 to ,  ��d ea ten by , grazinG 
beef ani:nals . The conve rsion o f  pas ture to beef is conside r.3d in tv0 

stages : 

1 .  the intake o f  the grazine animal 

2.  the convers ion of that int3..ke into a.r1i:nal 

produc t (i . e .  liveweight gain) 

4. 2 The In�<ike Of G.ra2;inp; Be�f Animal§. 

A mqdel of a beef produc tion syst.ern needs to conBider pasture 
intake per animal as some func tion of the pasture available in e,_ny time 

period so that as well as being able to predir. t the anitmtl pro due tion 
that will result from makine a certain amo unt of pas ture av,_dlable , the 
model can also calculate the pasture residue re:nai:nL'lg after grazing . 
( 'I'he impo rtance of pasture residue in determining pas ture regroHth has 
been discussed in Sec tioa 3. 2. 1 ) .  
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A hypo thetical relationship between intake per head per day and 

pastu:.e D . f1 .  avai lable per head per day is p resented in Fig. 4. 1 as 
fu.nc ti-::�1 ( I ) . The lines oa - ab bound the area wi th· :1 which t�is 

f'u.nc tion may logically lie .  The line ab specifies th o  po tential daily 
· in.t;;.ke that the animals may e.chi eve , while the line o a  repres ents the 
si tuation ',;her� all available pas tu re is ea ter1 . 

The c alc uL"l.tiot1 o f  pas ture resj_dues from func tion ( I )  fo r some 

given c lass o f  live s ·wck, may be accomplished as follo1.Js : 

Let X = avai la.bl.e D . l1 . /ha 

Let N = to tal number of ani:nals fed 

Let z = area of pasture fed ( ha) 

Thus H. k is stocking rate/ha . , and z = 

X D . !1 .  ava il!.!.ble per hec..d ,  x = k = 
X Z -"-'"-'-

li 

Frotn func tion ( l ) , in.ta.ke/heud, y = f (x) 

Ti1Us , residue/head is gi ven by : 

(x - y )  Kg. D . H. 

and, residue/ha is given by : 

k(x - y)  = I:! 
z (x - y) 

Pasture residue/ha is thus a func tion o f numbe r  (of a given c las s )  

of s tock (N) , area o f  pasture fed (Z) , feed available p er hectare and 

henc e feed available per head (x) . Fo r a given number o f  ani:nals pas ture 
residue pe r ha is inve rsely propo rtional to the area of pas ture needed 

to achieve any given level of pas ture availabili ty per head. 

In o rder to apply this model for pas ture residue after graz i..11g 

we need es timates of the po terltial inta.l<:e, and the intake fLmction ,  

y ::: f(x) , fo r different c las ses o f  grazing ani:nals . Sinc e the intake 

func tion has been assumed to apply over a range of 1.ralues fo r pasture 
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Acj;_q�J.�. Daily_ Ir�t<-..!k.wi�il-A'? A li\mQ..tJ:.9_g_Q_f_Aygjj.Jihl.� 
:F'eec;i}He<l.<i 
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X 

Available Feed (Kg D . M. /animal/day ) 



4. 2 '.rhe Intake Of Gr!;}dt_ng Beef Anb1als ( Continued ) 

D . H.  available/ha. ,  ex:r- ·�·ri:nents designed to provide datl:.1. fo r es timatine 

this filllct:i.on. should inc lude a co rrespond.:i.n::; range in pas ture D . H .  levels 

as well as different levels of ava.i.lable pasture D . M .  per head, 

4. 2. 1 Facto rs Affecting The ?o tentia.l DaiJ.,y IntAke Of Grazing 
Bee(. Ani . .!lRls --------------·---------

A revi ew o f  literature indicates t.hat the po te.::!.tial C.aily inta.ke 

o f  gr:-tzine beef ani7nal.s is a ra. th.r-�r complex and poo rly 1.mO.erstood fac et 

of b eef produc tion. 

Bines ( 19'70 ) conc luded th at where roughages are fed, intake is 

cons trained by the speed wi t.h which food pcw.ses through the rumen. 

Henc e size o f  the rwaen , \vhich is related to ani:!lal livm.Jeight (B:i.nes 
1 9'70 )  Hould limi t dai ly intake , Bines also co n.:>idered that t.IJ.e f8.ste r  

pas sage of a concentr01te die t  throt.tgh the ruuen me<mt that rum e n  sJ.o;:;e 
v:ould have little li:ni ting effec t on po tential inta.lce o f  con.c ent.r<i tes .  
In tllis c.1.s e the amow1t o f  food E:aten per urri t tiras \.;o uld be rela. ted to 
the animal ' s  physiological s tate and gene tic make-up . 

Rayu10nd ( 1969 ) sugges ted that feed quali ty and in particular, 
digestibility, was a major  ciete nninant of the vo luntary intake of grazine 

animals . Hov1ever, Hu tt.on ( 1963 ) \vo rkine with dry dairy cattle , and 

UJyatt ( 19'70) wo rkine with sheep , found no cle11r relatio nship be tw e en the 

digestibility of feed and animal in take \vhe re digestibili ty was above ?O�;,L 

Crompton. ( 1962 ) sugge s ted that the maximum daily intake of feed 

D .M. fo r bo th dai ry and beef cattle would be equi valent to about 3% of 

animal livm1eight. Hutt.on ( 1963 ) sho\.red that this " 3� s tandard" could 

considerably w10.eres timate the intake of lac tating dair.y cows , and over­

es timate the intake of dry dai ry cows . In Hut ton ' s  wo rk the degree 

of fatness the dry s t� ck had attained appeared to affect the level of 

voluntary intake . 

The 3% of bodyweight standard, howeve r, s eems to ��ve been generally 

accepted by research wo rke rs 
( 1 ) as a guide to the po tential intake o f  

( 1 )  From Wr.ight ( 19'75 ) . 
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young grmo�ing beef animals on pa s ture . 

In the absence of quantitative data from New Z(-!.'llano beef' grazing 
trials relating po ten-tial in-take to pas-ture and animA.l pa raJU e te rs , a 

s implifi ed indirec t approach .b,as been used to define the po tential intal-::e 
of tJ1e er razing a•lit!!als in this s tud,'!. The daily livewei.t;ht eain.s 
allowabl A wi thin tJ1 e model a re limited to the highes t gains thz. t are 

consitd;en tly achieved on couunercial farms . If the relatj.o nsb.ips wi thin 
the model be tHeen dai ly  intake and daily l iveweit;ht gain a re corr·ec t ,  

then the po tentia l levels o f  int-A.ke implicit i n  the model 1.rill only be 
as high as tho .s e  levels of intake ac 11i eved on co mmercial farms . 

The po ter1tial daily livewoight gains (intakes) u s ed ar8 pres ented 

ir:o. Table 4. 5 and t..lle implications o f  t.rri s res tri c tion are discus sed mo re 
fuJ ly in Sec tion 4. 5. 1 .  5 .  

4 .  2 .  2 F'ac to rs 'l'tili t Affec t ·rne Shape O f  The Func tiOL1 H e  la ling 
Avcd.l:-J.l�l�Gi�3ture T_o l.Q.t3ke 

Several overs eas rese:!.rch wo r�wrA b �v8 shown t.h.;:lt. t..l-Ie relationship 
beti-Teen pas ture intake/head/day and feed available/head/dD.y is curvil:i.near. 

Hull et al ( 196 1 ) grazed beef animals at 5 s -to cking rates ,.,i th 

pas ttue beir1g spelled fo r 35 days between graz ings . Over the 1 2o days 
o f  the experiment (Hhich Has repeated over 3 years ) the animals in each 

stockir1g rate trea"tlnen t were expos ed to a wide ra:1ge of pas tur�;: av::l i UJ.bi l-

i tie s .  Hull � al found a high c o rrelation betHeen the pas ture availdble/ 
head before grazinG and the intake/head meas ured as diees tible energy i n-
take. This relationship was des c ribed by the f unc tion :  

y :: o .  16 - 0 . 2� X 
. ly  . tak . �M.Cal B,D,F. . ) 

Hhere y = dal. �n e p er ammal ( ) 75 ) li veweigh t • 

and X = available pasture per animal per day 

(lli§..Jht� 7 5 X ( ( li veweight) • 
�O_Q) 

1 ) 

A graphical representation of this relationship is presented in 
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Fig. 4. 2 ,  assuming that the animals being fed were 600 lb b ve\o�eight, 

and the fe ed consUllied contained 1�6 M. Gals o f  D . E .  per 1 00 lb of D . M. 

The line oa in Fig .  4. 2 represent8 a situation where all available 

feed is eaten . I t  can be seen from Fig. 4. 2 tha t below a daily pasture 

allowanc e of 1 2 . 5 lb/nead/day the relationship of Hull �_t al ( 19o1 ) no 

loager holds , sinc e the amow1t eaten exc eeds �he amount offered, Tnis 
may be partly d.l l ·3  to the fac t that Hull et al. sampled the pas ture avai�lable 

at a 211 defo liation height. vJhere pa s ture avai.labili ty was lo1..r the 

animals may have in fac t g razed beloH thi s 211  height. 

Greenhalgh et al ( 196o )  found a curvilinear relationship betHeen 

daizy intake by dairy COH<> and dai ly pas ture available . Animal intake 

and available pas ture were meas ured in six p erio ds of the year. Availa ble 

pasture was the wuo1.mt of D . i-1 . p resen � above a ·1 - 2" samplinc; height. 

\.fhere 25 lb D . r-1 . /coH/day was o ffered nearly all t.he c..vailablc pas tu re 

Has eaten. lnc reaents in avai lable pastu.re of 1 0  lb D . l1 . /cow/day re-
sulted in reduced i...rlCrements in the amount o f  pas ture eatet! per head. 

Inc reasing pa s ture avaiJ able from 45 to 55 lb D . t·1 ./head resulted in no 

furthe� L�c rease in in��e/head. while the pas ture fed i� e&ch o f  the 

six sampling periods o f  the expe riment vd.ried considerably i.u te rms o f  

pasture density ( 2000 - 4000 lb D . H . /ac ro ) and pas ture spec i es ( ryec;rns s 

v� cocks foot ) the relationship between p e r  h ead intake and pas ture 

avai lFtble/head was c urvi li!'lf·ar fo r all p e rio ds .  Ho w ever, tJ1e absolute 

amo unts of intake relative to pas ture available did va ry between p e riods . 

The re sults o f  Hut ton 1 s ( 1 963 ) \./O rk suggest that tlri s may have been due 

to changes in the physio logical s tate of the lac tating animals as well 

as to chanGes i.n the pas ture fac to rs ( density and type ) . iiJ'o attempt, 

however, was made by Greenh�lgh et al ( 1966 ) to appo rtion the intake 

differenc es bet;,e en periods to animal o r  pas ture fac to rs .  

Reardon ( 1 975 ) 1 after some preliminary inves tigations into the 

effect of supplementary feed on the intakes of grazing beef animals 

during summer, recognised the complex nature o f  responses in pasture 

intake where grazing animals w e re offered various a11ounta o f  available 

pasture D . !1.  The density of pas ture o ffered in Reardon 1 s experiments 

ranged from 1700 to j900 Kg D . l1./ha. Where extra pas ture was made 

available in the fo i'Ill of pas ture with mo re D . M./uni t a rea on it, an 
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4. 2. 2  Fac to rs - That Affec t The Shape Of Tne Fw1c tion Rela�ing Avaib .... bl e Pas ture 'l'o Intake_ (Continu�d ) 

extra kilo gram o f  D . H .  av�.ilable per head resulted in an inc rea.se in 

int.<..tke/head o f  a.bo,lt 0. 3 Kg, 

\merE; extrt� D . i1 . /head \..ras made Rw.:ilahJ.e by increasing the area 

to be grazed, intaJ(.e/head remained prac ticalzy w1chan ged where the 

pas tu.res had only 1700 - 2200 Kg D . H  . /h....'l. p res ent . On pastures wi th a 

higher densi t.v o f  D . l'f .  present (i . e . > 2200 Kg D . H . /ha ) inc reasing the 

D .H .  avai lable/he3.d. by in� rcasing the area grazed did result i..'1. inc reas 8d. 
per head i..�ta�es .  �.'hile l-'arning that tlle;�e  results mus t b e  regal'ded 
as provision'3.l, Reardo n s tated. that:  

" they :i.nciicate that extra pas ture D Y1 .  o ffered a s  longer 
or denser pas ture h&s more effcc t on intake than. extra 
D . H .  offered in the fo rm of large r areas o f  pas ture . "  

If these p relimi..r1ary fir .. dings o f  Heardon ( 1975 ) are found to be 
true , then the Vi:'.lidity o f  fw1c tion ( I )  in Fig. 4. 1 i s  c s.:L:! .. ed into 
question. A generalised repr.::s en ta tl.on of the results di scussed by 

Reardoa is pres ented in Fig. 4. 3 .  l<uac tion ( 1 )  represe.tt"ts th e situation 

-v;here inc reas ed pas ture is o f fe red in the fo rlll of dens er or lon.r;o r pasture . 
FW1c t:i.o11 (2. )  shows the lJJ�ely response to inc reased pasture D . H . /head 
in the fo r-ill of in� reased area where pas ture density is low (< 2.200 Kg 

D . £1. /ha) and fWlc tion ( 3 )  represents ' the si tuation where an inc reas ed 

area o f  pas ture \vi th mo re than 2200 Kg D . H . /ha p rese11t is  offered. 

Tayler ( 1966 ) inve s tigated the effec t of grazing mana5ement on 

beef produc tion, using carcass energy gain and r�eight gain as !!leasures 

of animal pro duc tion . The nUlllber of animals writ area/day \vere vari ed 

so t.l-J.at grazing t reatments inc luded, hard and lax grazing of long pas ture 

and, hard and lax grazing of sho r·t pas ture . Tayler was W1tible to find 

any relationship betw e en intake ( a s  measured by carc as s energy gain o r  

c arc ass weight gain) and the amo��t o f  pasture available/head/day. He . 

did however, find a positive s traight line relationship be tvJeen animal 

perfo rmanc e (intake) and the height to which pas ture was graz ed. The 
animals used. by Tayler \.;ere s ubj ec ted to a wide range of va lues for 
grazing area/animal, (�) , and pas ture D .H . /area,(Xl Fo r any given value 
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A Gener:£1Ji.,�?��1J�Q.P._r.f.J! . .2D.i�•Jim:J..._Qf_1'1YL Hecnl ts ..Qf 
Rea �-iQ..t.L.l1.9lli 

Intoko 
Kg D . 11 . /hcl/dn.y 

( 1 )  

( 3 )  

( 2 )  --------------------------------

----� 

D . H .  Available/hd/d ay 

Func tion ( 1 ) :  Incrcoents in D . i1 .  made availa.bl c  
by offer-in� o10 re D . r-1 . /ha. 

Func tion ( 2 ) : Increoents in D . N .  P.lad.e available 

by o ffering a larger area of pasture 
to be grazed (,.,here D . t1 ./ha is 
1700 - 2200 Kg D . !-1 . /ha ) . 

Func tion ( 3 ) : Inc rements in D . i1.  made available 

by offering a lareer area of pa s ture 
which has more t.han 2200 Kg· D . M./ha 

on it. 
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4. 2. 2  Fac to rs That Affec t The Shape Of The Func tion Relating 
.Available_ PaBture To Intc:ke ( Cont.inueqj_ ___ , 

of z ,  N o r  X Tayle r found that intake/head, (y ) was some function (g ) ,  
of pasture residue/ha. 

i . e o  y = g (pasture residu e/ha ) 

However, a s  di scus sed in .Sec tion 4. 2 ,  residue/ha cun be 

expressed as : 

£! 
z (x -· y)  

where x = available feed/head. 

Henc,; e ,  the rela tionship obs erved by Tayler may be expre8 s e d  as : 

N 
y = g Cz (x - y) ) 

Since in this relationship, intak e/head, (y) , is d epend<:mt on the 
intal�c/head, (y) ,  achieved , it  appears to be of li ttle us e in the pJ..zmJing 
of a man a gement sys teu1 vrhere the o b j  ec ti.ve is to mJke pas ture availe.bJ.e 

so that a predeterwined level of intake is achieved. Furthe rr.nore ,  the 

rela tionship above could be arranged so that intake/h ead, (y ) ,  i s  some 

function of fe ed-availa.ble/head, (x) . That Tayler could no t find s uch 

a rel ationship would appear to be due tD the experimental technique us ed 

rather than the hypo thesis t!.m t suc h  a rela tions r1ip do es no t exis t. 

Hence experimental e��denc e on the shape of the func tion relating 
intake/head to pas tu re available/head is iYJ. confJict . HuJ 1 et al ( 196 1 ) 

sugges t  that one function will describe the relutionship fo r a range 

of ptls ture conditions , �..rhile , Greenhalgh et al ( 1966 ) and Reardon sugges t  

that the function do es vary wi th pas tu re condi tions (particularly densi ty) . 

The Ho rk o f  Tayler ( 1966) app�ars to be inconc lt�sive . 

4o 3 The Representati.on Of .Animal Intake 1.Ji thin The Model 

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

available above tho s e heights , have been defined within the pasture 
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produc tion model. Animal feed requi rements are specified( 1 )  on a 

per head basi s  fo r each period o f  the yeur so tha t a predetermined 

pattern of li vevreight gnm will be achieved, . The mo del then deter­
mines the a rea o f  pas ture and hei,:sht (s evc ri ty) o f  grazing so that 
the ma.x:imum nu:nber of animals c an  achieve the pr<:-dctormined pattern 
of li v-eweight E5ain. 

Thus , if itl the " t" th perlod of the year, per animal requi re­
ments are y t Ke D . H ./anirual, and if Nt ru.<imals a re graz ed, then to te.l 

pas ture D . :1 • . requi rement is y t 1-l"t, If the amount of pas ture D . H .  
avl:.l.ilable per h =t  i s  X

t 
l�g and residue per ha i s  ei ther R� o r  R�, fo r 

the lax and severe gJ�azings respec tively, then tb e a:cea , At req1.ri j,·ed 

for gra zint;; in perio d  t is  ei the r :  

Yt Nt y N 

(xt . •  n�) L __:t____ts As 
- A

t 
o r  (Xt - Rt) = t 

s · H1 > s then AL 
> 

s �nee t Rt' t A
t 

Sto cking ra te , st' 
i s  c i  the r :  

1 s (Xt - Rt) s� (Xt - Rt2_ ss ::: o r  ::: Yt t, Yt t 

and SL 
t < ss t 

Pas tu re D . M .  available p e r  head i s  ei ther : 

xt Yt L xt Yt s 
L 

::: xt o r  s = X, 
(Xt - Rt) (xt - Rt) t, 

and L s xt 
> 

xt 

But wi thin the model it is as sumed that inte.ke per head, y t' is 

th e same in bo th cases , Also , sinc e pasture residue is different in 
each cas e , the mo del of anim:J.l intake co rresponds neither to that des­

cribed by Fig. 4. 1 no r to the relationship hypo thesised by Tayler ( 1966 ) .  
( 1 )  The specification of animal requirements i s  aiscus ��d in 3ec tion 

4. 5. 1 . 
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The model asswncs that where pas ture available per head is x� 
Kg D . M . an in take of yt Kg D . i1 ./hoad/day v:ill be achi eved , thus leaving 

. d n RS K D . - /h S .  L :;) 1 d t L S a res1. ue o1 t g . fli .  a .  1.nce xt > xt we wou..... expec y t > y t 
and hence ac tual. residue per ha to be less than the s tated residue 
(R�) , where y t is  less than ad )ibi tum intake. In this si tuation 
animal intake could be controlled at level y t by on-off grazing. If 

anirnals canno t meet requi rements (y t ) under the severe gra.zing assumption, 
then the mod el would not represent reality .  Hohrever, insufficient 
quantitative data on livestock intekes under grazing condi tions pre-
vented validation of the assump tions mad e .  The implJ.ca tions o f  the s e  

as sump tions are di scus sed mo re fully in Sec tion 6. 2 . 3 .  

4. 4 The Conversion Of Feed Int<.:ke Into Animal Pro duc tion 

Bryc..nt ( 1 97 1 )  has di s cus s ed the parti tioning o f  feed anergy 
within the ruminant animal . A di agrmn111ati c  rep res env�.tion of tl:.is 
process  is presented in Fig. 4. 4.. He taboli z able energy (H. E . ) is a 
m easure of  the energy available fo r us e by the e.nicnal; that is , gross 
energy ( G . E . ) less the energy Has ted in faec e s ,  urine , and the gas es 
(mainly me thane )  associated vJi t..h. dige s tion. l�e t  ene rgy ( iLE . 1.) is a 
measure of the productive ene rgy of a feed . It is i..he energy us8d 
by the animal to sustain produc tion (N .E .  ) and to rrwintain e s s ential g 
body f\mc tions (H . E .  ) . Heat inc rement (H . I . ) ,  ( th e  differenc e between m available and produc tive energy ) is  the heat associated "'i th fenn en tation 

and metabolism. 

4. 4. 1 The Energy Value Of Feed 

While the H. E. content of any particular feed does vary wi th the 

level of feeding, and the anirr:.als to which it is fed, the Great B ri tain  
Agricultural Research Council (� .R . C .  ( 19b5 ) ) has shown that 11 . E .  equals 
approximately 82% of D . E .  for a wide range of feeds and feedinG condi-
tions. The A.R .C . ( 1965 ) has also shown that 11 . E .  is uti lised mo re 
efficiently fC? r maintenance than fo r li veweigh t gain (produc tion ) . The 

N .E • .  content of a feed ·will therefo re depend on the amou.'1t of i1 . E .  1i 
that is used for maintenance (If .E .  ) and the amount used for live\·reight m 
gain (N . E . g ) .  This is illustrated in Fig. 4. 5 .  
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4. �-. 1 The Energy VRlue Of Fe0d (Continued) 

The line o a  in Fig. L�. 5  rep res ents �c.�e si tuation where all H . E . 

i s  used ns N . E .
t

. The li.ne obc sho,.;s the relationship b"Jt.ween N . E .  

and N . E . t. Thus , where up to x 1  units o f  M . E .  are fed the !L E .
t 

value 
o f  the feed/Kg D . H .  equals : 

( y1 ) ( x,  ) 
X (H. E ./Kg D . H . ) 

Up to thi s  point ( b )  N .  E .  
t 

= N . E .  • m \.Jhere x2 uni ts of H . E .  a re 

fed the H . E .
t 

value o f  feed equals : 

x (i'1 .E ./Kg D .H . ) 

Levels o f  fecdiP..g bet;.reen x 1  and x2 uni ts of d . E .  result in 
di fferent H . r:3 . t valnes fo r the feed e. g. at. X0 , i� . E .

t 
value eqm1.l.a : 

x (H . E . /Y.g D .H. ) 

y 
:1 The effici ency wi th Hhich M .  E .  i �> us ed fo r maintenar1C c (X  , the 
-- , slope of the line o b ) is relatively cons t;:;n t  regardle s s  o f  tho feed 

used. ( The A.R. C .  ( 1965 ) us e a figure of <:ibout 0 . 7 } \vhile thtJ N . R . C .  

( 1970) use between. 0, 6 - 0 . 7 ) .  HO\-Teve r, th e  efficiency with which H.E . 

is us ed fo r liveweight gain ( y2 - Y1, the slope of the line be ) do es 

x2 ·- x1 
vary markedly between feeds , ( The N . R. C . quo te figures between 0 . 3o­
O. 50 ) , and in particular it vari es wi th amount of H .  E .  per u_rri. t weight 

of feed. 

4. �-. 2 Systems Fo r Expres sing Feed Re!]ui rements 

In the planning (study ) of animal produc t:i.on system8 it is neces sary 
to devise a s et of feeding s tandards that expres s animal requirer!lents 
and the feeding value of various feeds in the same ttni ts , so that animal 
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produc tion may be specified fo r a given level of feed supply, o r  con­

vers e ly so tha t the feed requi red to sustain some level of animal pro­

duc tion may be deto md.ned. 

Joyc e ( 197 1 )  has revi e1·1ed the feed requi rements of b eef animals 

fo r maintenance and produc tion. \·Jhile published a . z .  wo rk and overseas 
wo rk did vary in absolut2 te rms , a ll the wo rk ci t.ed by Joyc e shOl·iE:d that 
the feed requirement/animal fo r maintenanc e inc reased wi t.b. inc reasing 

li veweight. 

Simi l arly )  the tHo maj o r overs eas sources of fe ed requi re:ncn t  

data (N . R. . C .  ( 1970 ) ,  A . H . C .  ( 1 965 ) )  vari ed i n  the specific ation o f  the 
fe ed required , above maintenanc e , fo r live..:eight gain. In eene ral 

however, the fe ed requirement per uni t of liveweight gain inc reased as 
aniL'1als became heavi er, and fo r anit.O.als of a similar liveweight inc reuwnt.s 
in daiJy live1.,reight ge..in required inc reasine inc rements of feed . 

Sinc e N . E .  is a measure o f  the ac tual energy u�; ed by the ;mimal ,  

animal requi relllents e;ep re s s e d  as 1 {  . E .  and N .E . will no t vary, re ga rd-m g 
les a of the f e ed used. The !L il . C .  ( 1970 ) have exp n�s sed the f"eed re-

qui rements of bGef anio:.als fo r mainteD.c nc e and liveweight gain in :.e:nna 
of N . E .  and N . E .  . m g 

Common feeds a re also defined in te rms o f  l'l" . E .  
g 

and N . E .  por uni t weight of  feed . m Under the as sumption tbc t t:.rv� anirr.c:.l 

requirement fo r N . E: .m are me t befo re N . E .
g' anio:.al pe rfo rmanc e can be 

determined :fo r any give:l level o f  fe ed.:i.ng. Siw.ila.rly the \<TOit;ht o f  

feed needed to s us trin som e level o f  animal performanc e c an b e  c alcu-

lated from the N . R . C .  ( 1 970 ) table s .  

illustrated in the following example . 

The method o f  calcula. tion is 

Example : From the N . R. C .  tables a 300 Kg steer requi res 5 . 5 mega-

calories (M. Cal ) of N . E .  per day fo r maintenance. To achieve 1 . 2  Kg m 
of L.W . G ./da.y the arune anireal requires 5 . 27 M. Cal o f  N . E .

g
. 

\fuere a feed contains 1 .  9 M. Cal. U . E . /Kg D .M.  and 1 .  19  H. Cal m ILE ./Kg D . £1 . , then the animal mus t be fed 7 . 3  Kg D . M.  to achieve the 

gain specifi ed above sinc e :  

.5....5. 
1 . 90  
i.Z1. 1 . 19 

= 

= 

2.90 Kg D . M .  

4. 40 Kg D .M .  

Kg D . M .  

maintenance ration 

pro due tion ration 

to tal ration 
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The experimental determination of feed values and animal requi re­

ments in terms of N . E .  is a difficult and tirne conswning task (s ee 

w fgre en and Garrett ( 19b8 ) ) .  Hany of the feed values in the i:L H . C .  

t.s.bles are es timates o f  H . E .  content rather than experiment.s.l ly derived 
values . The application of the N .  H .  C .  feeding tables to lfev.: Zealand 

grazing conditions is cb. s cus sed mo re fully in Sec tion 4. 4  .. 2 . 1 .  

The A . R . C .  ( 1965 ) uG e a.vailable energy (H .E . )  as the ba.sis fo r 

their feeding s tandards . Since i t  has been shown by the A .  H .  C .  ( a.nd 
o thers ) that the u ti li satwn of H . E .  by animals fo r livevJeight gain 
varies with the amo�mt o f  H . E . /uni t weight of fe ed , H . E .  requi rements 
mus t be expressed fo r a range of feed quali ti es (c onc entrations of H .  E . ) .  

This is done in a tabular fo rm with the A . R .  C .  feeding tables . Then 

for any given feed quality ,  animal liveVJeight, (1 . \·i . ) ,  and level o f  

liveweight gain (L .w  . G. ) ,  the feed requirement can be read from the 

tables . 

Little 1-ro rk has been done in Ne\·1 Zealand defining th e energy 

requi rements o f  beef c attle fo r a range of 1 . \L and 1 . \i , G , under grazing 
condition. The approach adopted has been one of measUl·ing animal in-
tak e  and aniL1al perfoi'laanc e in New Z ealand anci then compn.ring the rest�lt.s 
wi th o ve rs eas feeding s v..illdard s ,  using conversion fac to rs to put the 

overseas s tandards and t..lJ.e 1-l'ew Zealand work on the same basi s e .  g. Joyce 

( 197 1 ) .  

4. 4. 2. 1 PubliS�hed. Feeding S tanda rds 

A set of  feeding standards have been published in the booklet 

"Feed Budgeting" , (prepared by the Animal Husbandry Section o f  the 

Hinistry of Agriculture and Fisheries ) . Scott ( 1973 ) reports that 

these standa rds ( Table 4. 1 )  �ere extrapolated from N . R . C .  ( 1970) N . E .  figures 

by a group of' scientists at Ruakura and in the opinion of t.hese scient�ists 
they equate reasonably \-'ell with unpublished VJo rk that has been carried 

out in New Zealand. The standards as presented in Table 4. 1 are bas ed 

on. the folJ owing assuraptions ; 

1 .  1 Kg pasture D .H.  provides 2. 1.{1 .H. Cal H . E .  
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Table 4....1 

Feed Ror:n.li reme1� ts ·  Of G:t'0\od_nrr Bl=!ef A..ni.r[�C� l s  (Kg D-'H�ea�m�.Yl 

rill:L�.t 

Q?._t_;;Wle,..x 
M 

. o  

0 . 25 

0. 50 

o .  75 

1 .  00 

1 .  25 

1 .  50 

Li�1,i€i�ht 

1 00 _150 . .  _ 2oo __ �o __ 3q_o 

1 .  6 1  2 . 19  2. 7 2  3. 2 1  3 . 68 

2 . 08 2 . 83 3 . 5 1 4. 1 5 4 . 76 

2. 59 3. 50 4. 35 5 . 1 5 5 . 89 

3 .  1 1  4. 23 5 . 14 6 . 20 7 . 1 1 

3 . 67 4. 98 6. 1 8  7. 32 8 • .38 

4. 26 5.  78 7 . 17  8 • .  49 9 . 72 

4 . • 88 6 . 62 8. 2 1  9 . 72 1 1 . 1 3  

(Kg) 

350 __ jlJO �50 500 

4. 14 4. 57 4. 99 5 . 40 

5 • .36 5 . 9 1 6. 4h 6 .  98 

6. 6.3 7. 32 7. 99 8. 65 

? . 99 8. 83 9. 6.3 1 0 .  4."1 

9 . 42 10. 4i 1 1 . 36 12.. 28 

10. 94 12 . 08 1 .3 .  i 8 1 L; •• �6 

12 . 5 1  1 3 . 83 1 5 . 09 1 6  • .32 
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2. N . E . · made av!iilable by pasture is utiUsed vli t.h 

a 61/� effici ency fo r mui.�te:vmce 3Ild 37� effic iency 

fo r li verTeigh t g<J..i.n 

i . e .  H . E .  = 

�� . E .  rn 
0 . 6 1

- + 
N . E .  

g 
0 . 37 

loHe ( 197 1 ) produced a simib.r t':l.ble o f  feedi�'le s t.'if.\dards based 
on the N . R . C .  ( 1970 )  N . E .  requi rements . The tnn.i.:'lt.enA.nc e requirement 

was rai s ed by ar1 arbi t�ry 30;� to alloH fo r energy expended in the grazine 

pro c es s ,  The conversj.on o f  d . E .  requirelllerJ.ts to D . H .  is no t discus sed 

except to say that it \vas do t1e in. co llabo ration wi th Mas s ey Univers:L ty 

s taff. 

Jaguuch ( 1973) has present�d a ta.bl e of feecli�1.g s ta.nd: . •  rds based 
on th e A . R . C o  ( 1965 ) reco:nmen.dr.. tions . Requiret:1c:1ts are exp ressed a.s 

M .E ./he.<J.d/day a11d are inc reased by 30�� abo ve the A . R .  C .  figu.�·es tJ alloH 
fo r extrr.1 ene r�y spent. in the grazi:1e pmc\3s s ,  As well as beine speci-

fied fo r a rH.nge of 1 . 1� .  (200 ·- .4.00 l\g ) and L . :..J . G , (0 - 1 . 5  Kg/head/day ) 
the :requi re;J0n ts are also specified fo :c a ranee of feed quah ty ( 1 .  8 -
3 . 0  l1. Gal. N .E ./1� D . H. ) 

Fig. 4. 6 coUlpares the feeding retJuirementr; published by Lov1e and 
J agusch wi th tho s e  presented in Table 4. 1 .  Ja.gusch ' s  H . E .  requi. reiJents 

fo r a feed c ont.Unine 2 . 6 i1. Cal.  M.E ./Kg D . H .  ·.verc converted to D . !·L by 

div.idine by 2 . 47 ( t.he pasture quality 2. 47 H. Cal. i'1 .E ./Kg D . H. is as sur:Jed 

in Table 4. 1 ) • 

Three L . iL ' s  (200, 300, 400 Kg) and four levels of L. �� . G . ( 0 1  0 . 5 

1 . 0 ,  1 . 5  Kg/head/day) are conside red in Fig. 4. 6. The fe ed requi rements 

as expres s ed by LoHe and Jagusch (derived from H . R. C .  and A . R . C .  respec tive-

l.y) are similRr fo r the L. U .  l a  and L. W . G. 1 s  cofJ.sidered. (Jatuscll does 
not quo te a requirement fo r 1 . 5  Kg L . lol .G ./head/d.ay where a feed quality 

of 2. b M. Cal. H.E ./Kg D . M. is used ) .  Comparine Imo�e 1 s  figu.res with 

those from Table /+- 1 illus trates the divergenc e that m11y sxist rrhen the 
same o riginstl standa.rd8 (N . R . C . ) are conve rted to terms o f  D .r·1 . In 

particular the maintenance requi rements ure lm.,rer fo r Table 4. 1 and the 

increments in requirement fo r increments in L . w . G. are higher fo r Table 

4. 1 .  
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Fig. 4.Q 
Cot1par..i§.?.n _ Of The Feedine S�i}d!J.rds Of Lowe (1971l_.._Jagusch (19'Z2l 
And ThQ.Q.G.....!ThQ.1.i!f_In T<!J:l.l�J�Cl�_:rhi:eQ .1'l£.Q.J.s Q_f Li V8ueight Grin. 

..c1.Ji,.Jl,l Anti Th:rt:Q...LL vel£Q:i..Rh.J&.J.1..t...!:L...l 

Feed 
Requi rem eat (Kg D . i1 . / 
Head/Day) 

12  

! 
i 10  

8 

4 

1 1  

9 

7 

5 

3 

1 0  
8 

6 

4 

2 

0 

• - -:  - - - - - - - - -· 
- ___. 
- - - - -- .  

0. 5 

from Jagusch ( 1973 ) 

from l.oHe ( 1 97 1 )  

from Table 4. 1 

( L.Vl .  = 1�00 Kg ) 

( L.H .  = 300 Kg ) 

(L.W. = 200 Kg ) 

1 .  0 1 . 5 

L.H . G. (Kg/Head/Day ) 
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4. 5 F0edinr; S:t.•g!,r.l§ r.<ls Used In This �->turi.v 

D.acau:�e. there is no conclusi ve evidenc e to p ro ve that 8.ny one s e t  

o f  feedine; s "W ndards more acC Llra tely represent the feed require.nents o f  

grazine animals under Ne'<T Zealand condi tions than any o ther; and beca.use 
the s tandard s pres ented in Table L; . •  1 are in wide us e throughout Ne-v1 
Zealancl because o f  their inclusion in. the booklet ' 'Fe�d Budge ting" , they 
were conside red to be sufficiently accur<;.t'3 fo r the purpo s es of thi s 

s tudy. 

Experimentation with t.ht� model is a.n iteraUve process , in \·rhich 
the feed requiremen ts t.o meet a predeter.nined pattern of 1 . W , G .  a:ce 

calculated on a per head basis fo -r e:ctch lY3riod o f  t.�e year, and th�n 
recalcub.ted s everal ti:nen to meGt changed patte rns o f  L . ·w . G . Ti'ru.B , 
some method Has need0d so that ani:nal requiremea ts could be ce.lc1J�!l ted. 

qu.i.0kl)- for a range o f  L . i-1 .  1 s  and L . H . G . ' s  rather than extr:;.po lnting 
them from Table 4o 1 • 

To e.clLi.eve th.i.s 1 the relB tio nships inhere.o.-t in the data pres ented 
in Table 4. 1 be twec:':ln :  

1 .  maintenanc e requin�ment (0 L.W. G. ) and 1 . H .  
and 

2. production requirement, and 1.1� .  and 1 . \.J . G .  

were specified an d  inco rporated i n  a simulation progrrunme whic h  was run 

on Has s ey Unive rsi ty ' s  I . B . l1 .  1 1 .30 computer . 

Given info rma tion on the animals initial L . W .  and the 1 . W .  to be 
achieved by the beginning of each period, the animal requi re1;1ents model 
can calculate the 1 . W . G. w be achieved in each period, and the amount 
of feed requi red/a.•umal/period to achieve that level o f  1 . 1-l . G.  

4. 5. 1 . 1 The Relationship Between Ani:nal Liveweight And 
t·bin·�;&n.anc�Z RE!q.lll=· r=-. e�''""'n.::oe.:.::n:...:t"-------------

The mainten11nc e  requirements (0 L. W .  G. ) outlined in Table 4. 1 are 
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pres ented as a func tion o f  L . lyJ .  (Kg) in Fig. /+.7 . l:/here requirements 

are expressed as a func tion of 1 . \� .  • 75 , t...l).e relati onship as s hown in 

Fig. 4. 8 is linear and c..:an be desc ribed by the fu.nc t.ion : 

J.1L'iT = O .D5 1. 'vl . · 75 (4o 1 )  
wherG 

= Int?.Jce requi red/head/day fo r mainten;:;.nce (Kg D . M . ) 

Equation (4. 1 )  i s  inc luded in the ania1al requirtm:ents model.  

L . l·i . • 7 5 is calcula ted a s  the ( li veHeigh t )  • 7 5 o n  th e  middle d.a.y o f  each 

period, (r1ED 1 . 11 . · 75 ) .  Ave rage daily l·1D.J"T is t..h.en calcuh.ted as 

0. 05 l·1ED1. H .  • 75 fo r each perio d, HI!fT times the nwnber o f  days i:r,. 

tl1o period (7 o r  14) gives the maintenance requirement/head/period. 

1.-. 5 . 1 . 2  The Relationshi p  Between An:i.:."l·il Liveweight, Level Of 

�QJ'!i\�!.ll<l.LlL. vi ,(�.) imd Pro dt lc ti_on j1eq_lli_:re.nP.�n.!.-:t�-

The p ro duc tion requi rement is defi ned a s  the ruaoun.t o f  feed 
:.requir8d/ani!;lill o.bove •nair..tenance to susWn some J0vol of L . U .  G. 
From. the date pres ented in Tab1-; 4. 1 prod1 1 c tion require:ncn'Gs c an  be 
calculat.�rl fo r animals ranging from 100 to 500 Kg L. ;� . achieving from 
0. 2 5 to 1 • 5 KG L. W • G .  These f-igures a.re presented i n  TabJ.e 4. 2 .  

When p ro duc tion requirement i s  expres sed as a propo rtion o f  
L.H. · 7 5  ( Table 4. 3 )  thc�n fo r each level o f  1 . 'rl . G . the pr{ldlJction re­
quirement/L. ri . • 75 i s  the saJlle ove r  th� range of 1 . 1--l .  considered. ( e . g . 

fo r a daily L . W. G .  of 0 . 25 Kg, t..h.e p ro duction requi rement is 0 . 0 1 5  Kg 

D . H./Kg 1 . w . · 75 , regardless  o f  animal L.W. ) .  Furthe:noore, the relation-

ship betweGn 1 . W . G . and production requirement/Kg 1.w . · 75 can be approx­
imated by a linea r func tion (Fig. 4. 9 ) described by equation (4. 2 )  

L . W . G. I (PINT ) f 
) 0. 075 + 0. 1� L. w • •  75 \ 100 

where 

PINT = Intake requi rement/ru1imal/day 

above mai11 t13nanc e (Kg D . M. ) 
Rearranging Equation (4. 2) results in 

PINT = (L . W.G. - O..QTI) 1.W. ' 75 

14 

(4. 2 ) 

(t, . •  3 ) 
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i1ainten3fl.ce P�ui rement As .A Func t:i on Of LiveH.§}.ght 

Haintenance 
Hequi rem en t ( .K� D . I'-1 . /head/day )  

100 200 JOO 400 
L . VJ .  

J1aintenanc e Re_ggi re::�ent Ac, A Func'tion Of (Liv�.!L9ifll..tJ:. 75 

6 !�:;�::�� 
5 (Kg D . i1 . /head/day ) 

4 

J 

2 

1 

1 0  20 JO 40 50 60 70 80 90 

L. u • • 75 

' ... 
100 



Table 4.. 2 

L . l-1�/ 

. 25 

. 50 

. 75 

1 .  0 

1 . 25 

I .  50 

TaQJ.e lu. � 

L. H . G. 
(Kg) / 

. 25 

• 50 

.75 

1 . 0  

1 . 25 

1 .  50 
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ProQuc:t:ion. H.9Q.uirernent Fo r P. RaT1fl0 Of Li._vewei.gb._ts 1 Ang 

1_00 

. 47 

. 98 

1 . 50 

2 . 06 

2 . 65 

3. 27 

. .  · . 1 \ G . ,_i'T .tl.JlhlL., ) ....J.. VevreJ • .C:L.U!.....·:£ �U t>_g__J...::. - •  C .QH:lr ,_ 

Li VfiHeigh t (Kel 
200 300 

. 79 1 .  08 

1 .  63 2. 2 1  

2 . 1;2. 3. LIJ 

3. L:.6 4. 70 

4. 1:.5 6. 04 

5 . 49 7 . 4) 

4.00 
1 .  34 

2 .75  

4. 26 

5 . 84 

7 . 5 1 

9 . 26 

500 
1 . 58 

3 . 25 

5. 0 1  

6. 88 

8. 86 

10 . 92 

?rQduction HRCJ,ui.r,:emt>[!t/1\,e__ls_� �·J . • 7 5 l[.9r A Rwge_Gf _LiveH.£iR.l}_t 

AlliL_Li. v�l:L'l?, "'h 1· Grd.n _ _(li£._ D .  i'hLHd/ dB L). 

Li vevreigh t (Kcl 
100 200 300 L..OO 

L.W, . 75 ( l'�g} 
31.62 53.19 T2.. crz 89.L.5 
0. 0 15  0 .. 0 15 0. 0 1 5 0 . 0 1 5 

0 . 031 0. 03 1  0 . 03 1  0 .. 031 

0. 047 0. 046 0. 048 0. 048 

0. 065 0. 065 0. 065 0 . 065 

O. OBL .. 0. 084 0. 084 O. OS4 

o. 1 03 0. 1 03 0. 103 0. 104 

500 

1 05.:Z 

0 . 0 1 5 

0. 031 

0., 047 

0 . 065 

o. o84 

0 . 103 



Fig. 4.9 

Liveweight Gain 
(Kg/day ) 

1 . 5 

1 .  25 

1 .  0 

. 75 

. 50 

. 25 
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Li veHeight Gain As A F\mc tion Of Pro duc tion 
. Inblcf./( Li vel.feight) · 75 

1 2 3 4 5 

( Llfl_L ) 
( L. w . • 75 ) 

6 7 8 9 

X 100 

10  1 1  
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4. 5 . 1 . 2  The Relationship Betwe8n ��imal Liveweight, L€vel Of Porfq_J�·mance (L,\i,G, L And Produc ·tion Rcouirement (Continued) 

By calculatine the L . H . G . attained in each period, and the 

L.w. · 75 in the middle of each period ( !,W.:D L.H . ·75 ) the animal require­

ments model can use Equa tion (4 • .3 )  to calculate the avera0e PL�T fo r 
eaeh period. As in the calcuJ.ation of HINT, E\Ve t>age ?HiT times the 

nU!nber of days in the period gives the product:i_on require:ne.at/e.n:i.mal/ 

period, 

4. 5 . 1 • .3 Th0 Effec t Of Pas ture Qqaht,'l O n  .F'tH�Cinr;: o?t,EJJldu·d�� 

Pasture quali ty wi thin this s tudy i s  defined in tenns o f  the 

H.E .  content pex- unit Height of pas ture, As pas ture digestibility 

changes throue.tout the year (Hutton 1 ';.lb2 ) it \•ill be r.ssoci at.ed with 
ch-cmges in the t1 . E .  content of pa.sture. Also the energy c on tent o f  

pa.s ture will decrease a s  p<1sture regrov.rth becomes mo re ma tu re (Arms tr01 1g 

1964) . 

Changes in the l1 . E .  conten t of pasture \all affect f8 cding 

s tn.ndards in tHe \Hys Hher.e the feeding s ta.ndards , as included in th<3 
animal requi rements mo de l ,  are expressed in ter.u s of D . H.  Fi rs -tly 
inc reas ed (decreased ) muou.n t of M . E . /Kg D . t-1 . will lead to higher ( lowed 

absolute levels of available energy from a given quanti ty o f  pasture. 

And secondly, the chan8eS L"l i-i . E .  content may lead to differences in 

the utilisation of available energy within the animal. 

the relationship assumed in Table 4. 1 : 

H.E.  :: 
N . E .  m + 

may no t hold for all seasons of the year. 

N . E .  
g 

0 • .37 

In particular 1 

\fuile differences in the utilisation of 11 . E .  for produc tion have 

clearly been shown to exi s t  between different feedstuffs (A . R . C .  ( 1965 ) ) , ·  

the situation '..:ith pas ture is no t so c 1ea z: .  Ulyatt ( 1969, 1971 ) has shown · 

that animal r!::!sponse does vary be"ween different pas ture species . 

However, he has been unable to link these di ffe r�1ces to clear� defined 

measures of pasture quality (e .  g. H . E . content) .  



- 92 -

The approach us ed \vi thi.n this t1odellii1g study is to as sume that 
the rela tionships defining the utili8ation of ava.ilable energy, inherent 

in Table 4, 1 hold throughout the year. The levels of available energy/ 

Kg D . H .  hoHever, are varled bet>;�een periods ac co rding to the recommend-

at:i.ons of Hutton ( d. ted Pollard ( 1972 ) ) .  Furthe:nno re, the H . E .  c onc en-

trations us ed , a re as s umed to apply to all pas tu.re available fo r grazing 

regardles s  of the length of spell between graz:i.ngs . 

trations used are presented in Table 4. 4. 

The H . E .  concen-

Tab;Le 4.4 Pa§ture C;1Jali ty Chan_get? Throup,;hout.._The Yell£ 
.Ut. C al. H .  E �Kg l2.J::Ll 

Sourc e : Po llard ( 1972 ) 

Period 
1 - 6 

7 - 1 1  

1 2  - 1 5 

1 6  -20 

2 1  -30 

M....�a1....Ji.J<�.jKp, D, M .  

2. 65 

2. 4 

2. 55 

2 . 8 

Heace feed require:aents are c alc l.ll.ated using the relationships 
disc us s ed in Section 4. 5 . 1 . 1 , 2.nd 1,. 5 . ·1 . 2 ,  as smring that po.s turc contains 
2. 47 H. Cal. tL E . /Kg D . t1. The to tal feed requir-:::� ent (Kg D . l'-1 . /animal/ 
perio d ) is then adj us ted by the relevant fac to r  from Table Lh 4• Fo r 

example , a per animal requi rement o f  1 00 Kg D . H .  for period 1 is adjus t­

ed, by the fac to r  t-� wi thin t..'1e animal requireGJ.en ts model so that the 
ac tual feed requi remen t  is 93 lig D . M . /animal . 

4. 5 .  1 . 4  A Co�?ideration Of Qompens�tnry Growth 

J o bli..Yl ( 1969 ) has defined compensato ry growth as : 

" the capacity of cattle to grow mo re rapidly after a 

period of underfeeding than af�er a period o f  normal 

or high- level feeding. 11 

The pheno menom of compensato ry gro1,.rth h.<J.s been demons trated in 

young cattle in New Zealand (e . g. Joblin 1 969 ) .  The amo�Ylt of extra 
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gro'"th ach:i.eve
_
d has b e en variable between experiments , however, and 

has never entirely made 1,1p fo r the los s  of growth caus ed by the period 

of underfeeding . Allden ( 1970 ) after a comprehensive review of com-

pensato ry growth concluded tha.t it. i s  often due to the u.."lderfed animals 
being lighter than the vJ ell-fed animals and hence eating mo re feed/u..."li t 
L . W .  when full- feeding is continued fo r bo th groups . �rnere underfed 

and full- fed animals of a similar L . I.J . sho•; di fferenc e 3  in 1 . 1� .  G. when 
bo th are 11:[;ain suhj cc ter:J to .?.d b._Q feedinz condi ti on.s J the 8xplaYJ.a tion 
of cor:1pensa to ry grcl\-'tll rne.y be ci ther :  

1 .  the lower basal metabo lism and hence lower 

mainten.m.:! e require;n ents o f  the previous ly 

underfed animals 
o r  

I 
2 .  ar. inc.rea.s ed effici ency in the utilisation 

o f  feed energy fo r L . W , G .  by the w1dcrfed 

animals 

In the abs enc e  of relinble quanti ta ti ve data on compensatory 
grovth, no adjustmE,,1t.s in the fe edinG standards uocd in this �odel a re 

made . 'l'hilt i s ,  the feeding requirements fo r m3..interv:m·::: e and L. W .  G .  
a s  defined in Equations (L1 • •  1 )  and (L,, 3 )  are as sum.ed to r10ld rega rdles s  

o f  the level of feeding in previous periods . 

4. 5 . 1 . 5  The Significance Of The L11ta.ke ( Liveweight Gain ) 
Restric tions In Th,e Feed ReQUire:nents do del 

Maximum daily intake per animal is dependant on animal liveHeight, 

condition, and fe ed quality (di scus sed in Sec tion 4. 2 . 1 ) .  3% o f  live-

weight is often us ed as an app roximation of the amount of D . H .  beef 

animals may consume daily (Wright 1975 ) .  

In the abs enc e of quru1titative data on mar�mum daily intakes , a 

restric tion has been placed on the animal requirements model so that 

the maximum daily L .  W .  G. animl'lls may achieve is related to animal age . 
'l'hese ma.ximtlli1 ·daily L. W . G. ' s  (p re s en ted in Table .4., 5 ) are bas ed on the 
autho r ' s knov;ledge o f  maximum L. W . G. 1 s  tha t animals consistently ach .. i.eye 

on corrunercial farms , and on Ull:!:'Jublished data from J1a thews ( 1973 ) .  
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Under the a.s sumption that the feeding standards l.lsed in the mo del are 

correc t, then · the maximum intakes po ssible within th3 model will no t 

exc eed those that are u--hieved in the r·eal-life situation. 

Ta ble !±-� Maximum Daily Li.veweight Gain (L,W,G_j_ AlloHed In Th.e Model 

A.g__e_lmon:t}J.lll � Hru:;:b mv,!ll L. �J�G.L� 
3 - 10  1 - 1 6  • 85 Y.g 

1 0  - 1 .3  17 - 24 1 .  0 Kg 

1 3 - sl&.ughter 25 - slaughter 1 .  5 Kg 

Hhere an n.."'li:nal purchased into the s;yste:u in period 1 ,  at 90 Kg 

L . W .  grm..rs at the maximum allo\.,rablel :rates, intake (D .H . ) expres sed as 

a percentage of  L. w .  varies from 2 .  6% to 3. L$. Thes e  f�gures are 

presented in Table 4. 6. The feed requirement8 are calculated using 

the reJ ationsbips from Equations (4. 1 ) and (4. 3 )  and the effec t  of pasture 

quality has no t been taken into account. 

TB blEt /u.2. 

Period 

Start of 1 

End of 1 6  

Start of 17 

End of 24 

Start o f  25 

D .M.  lntM8£;� Nec e s s e.ry To Su12oo rt Nax:i,m1ID.J?.illx 
Liveweight Gn.i.n, As_ A Percentage Of Li. vewei_gb.i{ 

L . W .  Maximwn 

.llicl L . W . G , (Kg/Duy) 
90 • 85 

257 o 85 

257 1 .  0 
369 1 .  0 
369 1 .  5 

Intake 

(Kg DJ:Ll 
3. 09 

6.79 
7. 48 

9. 80 

12. 80 

[ Int ak� 
- L. H 

X 1�] 
3. /.$ 
2. 6% 

2 .9!> 
2. 6% 

3. 4,% 

While this intake (L. W. G. ) restriction is recognised as a simpli­

fied representation of the real-life situation, it is considered to be 

adequate for the purpos es of the s tudy. 

The amount of available pasture that grazing beef anj.mals wi ll 
eat remains unclear. Little quantitative data exists on the po tential 



in"tc:lke/hcad o f  erazing beef animals , and no satisfactory relationship 

between per head intake and avai lable pasture (per head or per uvi t area ) 
could be found . in t.""le relevant li teratu.re . 

The as sumption is made Hi thin the model that llllimals can �arvcst 
pas ture D . l1 .  d01.m to ei t.he r one of two grazing heights , and '1-Jhere nece­
ssary on-off gra.zint; i s  employed so tha t  pas ture residue after grc-,zing 

is ahrays s.t the level specified in the pas ture production mo del. 

The utili s ation of energy from pas ture intake by beef anime.ls i s  

discus sed, and published feeding s tandards are compared . A s e t  o f  

fe eding s ta..ndards bused o n  N . H . C .  ( 1970 ) N .E . studies are adJpted and 

a model for calculating feed requi rements is discus s ed. l·"laintena,.-:ce 
requi rement is s ho1m to be a fw1c tion of L. W .  and the intake above 

maintenanc e requi red to sustain pro duction i s  a fwlc tion of L. \.J . ond 
the level of L .  \.J . G. desired. 

Pas ture quali ty (H. Cal. H . E ./Kg D .J.1 . ) is as sv.med to vary through­
out the year. No alloHanc e i s  made for changes in quali ty du e w the 

length o f  spell between grazings , o r  to the height to which pas ture i s  

graz ed. Chro1ges i n  feed requi rements c aus ed by previous low levels o f  

feeding are no t considered i n  t.l-te moclel. 



C H A P T E R F I V E 

110DEL EY.:PEHIHENTATJOU AND RESULTS 

Beof. pro duc tion is considerfJd fo r Fri esian bulls growing from 

1 00  Kg to .380 Kg L . �J .  Four s eparate ( length o f )  p ro duction processes 

are defined . The amount o .f beef carcass produc ed is  then depencL-mt on 

the numbe r  o f  animals grazed in each pro duction p ro c es s .  An experimen-
tal proc edure is developed so that the model can be used to mH.Ximise  

s tockine rate fo r each p ro du c tion proces s .  

As sociated with each of the s e  maximum s tocking rates is a graz�ng 

management plan Hhich suppli es sufficient pasture so tbn t  the pattern 

of L. i·l . G.  defined, is achi eved. Grazing management plans fo r each pro-

duc tion proc � s s are compared ; and. th e complexity o f  these plans i s  dis-
cus sed in relation to the real li fe situatio n .  

A me thod o f  considering supple!Q.E'ntary feeding in the mod.\:31 is 

outlined , and the inc reases in maxirnwu � ta cking rate achieved through 

supplementary f8eding are discus sed. 

5o 2 The Animal s Cons i d e red In The r.:odel 

The beef produc tion sys tem modelled in this s tudy involves purch2.s e  

of Fri esian bulls a t  3 months of age and 100 Kg L .W .  and the grazine o f  

thes e  animals until they are sold fo r slaughter a t  1 5  - 21  months o f  age 

and 380 Kg L . W .  

Bull c arcasses sold to Meat Expo rting Companie s fall into a single 

grade (manufac turing) .  Henc e carcass weight and schedule price are the 

parameters dete rmining carcass value in this model. In the past, an 

inc rease in schedule pric e ��s applied to carcass weights above 180 Kg . 
A sl�ughter weight of 380 Kg L.  i.J . has been chosen in this s tudy since 

this weight has been used by many farmers as a target li veweight to be 

achieved by Fri esian bulls befo re thei r second winter. This weight 

(380 Kg ) co rresponds to a c arcass weight of approyj_ma tely 190 Kg, (Kirton 

1973 ) .  
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H"1..J.crc u fFtrmer buys -three month o ld wecmers and fini shes them 
before thei r second winter, he mus t decide each spr:i.ng tho number of 
animals tD purchas 0 ,  'l'he s +.ockin& rate he cho o s es (number o f  axrimals/ 
ha.) is bi"_sed on hie knowledge of thP. beef p ro duc tion system a11d the 
level of p ro duction. he requi res the n,ystem to a.ch.ieve . 
(in physical terms ) is : 

Sys tem pro duc tion 

�Slauehter �;Jeight �er animal 

Purch:l.s e \veiehtjl 
_per animal 

Nu..!Tlber of X 
animal s 

The f::mner might also be interested in the length o f  time the 
animals need to be gra zed within the system because : 

1 . schedule p ric es do vary throughout the year 

and generally are higher i.n the ea.rly s p ring 

p e rio d, and 

2.  a nimals c arri <: d  int0 a £tP.concl ye:=J.r o f  gra.zing 

coDpe te fo r fer.;d wi th t.b..e t.Jea::.1ers purcha s e d  in 
t..l1a t year. 

To inves tiea te th.e numbr:,r of anima.J.s t..l1at could b(j gr.g.zed from 

purchase a.t 1 00 Kg L . �J .  1..mti l s law;htel� at 380 .Ke L . W . , a s su�ning the 

p'1Rtu re p ro duction possibilities as presented in Chapter 3, four beef 
pro due tion sys teres , BEEF' 1 ,  BEE? 2, BEEF 3 and BEEF 4, wer·= defined. 

Fo r each system, a length of pr.oduc t:i.on proces s was defined. 

5. 3. 1 Beef Pro dyc tion SystemR 

Det-i:i.J s of each syl'ltem "l.:r.e pres ented in Table 5 .  1 .  For each 
system it is possible to define a level of L . W . G .  (Kg/a...'1io.a l/reriod) 

for each period( 1 )  of the grazing year so that the ru1imals will achieve 
slaughter weight in the defined }Jeriod, Dl:l.il;y L.W � G ./animal (Period . L. W.G./  

animal + 1 L ... o r  7 ) mus t b e  cons trained to th e  levels prssc.a.ted in Table 4. 5 .  

( 1 )  The p eriods o f  the grazing yea r are pre sented in Table 3 . 4. 
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TabJ.e 59 1 
Beef Produc tion SJ.s tems 

System Purchase Purchase Slaughter Slaueht.er Length of 

L.�-1 .  ( Kg )  Date ( start Height ( Kg)  Date ( start Pro duc tion 
of period ) of perio d ) * Pro c e s s  ( ;·1ths ) 

Beef 1 1 00 1 .380 1 1 2  

Deef 2 1 00 1 .380 7 1 4  

Beef .3 1 00 1 .380 1 1 1 6 
Beef 4 1 00 1 .380 1 5  1 8  

* Slaughter da te periods are in the year folloHing purchase da te periods. 

The �imal requi rements mo del (Sec tion 4. 5 .  1 )  can be u sed to calculate 
thP. feed requi re:nent.s (Kg D .H ./animal/reriod) fo r the anirae.ls in ea.ch 
system to m ee t  the precl.e termined pattern of L . W . G. : 

a patte rn that ensures the animals reach slaughter weight 
in the prescribed peri o d.  (from Table 5. 1 ) .  

A s ��-t�Q �uo si tuation i s  as sumed. That is , t.he same nu:nher of 
weaners a re purchas ed e ach year. Because the lengt.1. of produc tion 
process fo r BE8F 1 is 1 2  months , finished c a ttle are slaughtered ( s c·ld 

from the sys tem ) at tb e s ame time as replac em ent ;rec:mers are purc:b..a s ed. 

The produc tion p ro c esses fo r BEEI<' 2, .3 C�nd 4 are longer than one year, 

and henc e v1eaner cattle and yearlings are graz ed to ge tlv�r fo r sorn� peri0ds 
of the year. This doubling up of s to ck occurs in periods 1 - b fo r 

BEEF 2 perio ds 1 - 10 fo r B�, .3 and perio ds 1 - 14 fo r BEEF 4. The 

feed requi rements model aegregates the period fe ed requirements fo r 

we��ors and yearling cattle where o ve rlap of the clas ses o ccurs , so that 

feed requi rements need on],y' be considered fo r the (.30 ) peri o ds o f  one 

grazing yao.r. 

The per head feed requirem�nts co rresponding to a predetermined 

pattern of liveweight gain for DnY one of the BEEF systems are added to 
the pasture produc tion model as a BEl!:F ac th-1. ty� 1 ) The linear programm­

:Lng model is then used to determine the grazing management that maximis es 

( 1 )  See Appendix 2 fo r details . 
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stocking ra. te for this BEEF ac tivi ty • 

. 5 . 3 . 2  Hax;it!!isation O f  Stockinii,: Rat.e.§. Fo r Beef Ac tivi ti e s  

Let R o  be a vec to r  of fe ed requi rements fo r the o th BEEF 
J J ·  activity (Kg D .l1 . /head/period) . 

Let A be a vec to r  of feed supplies made available by the pat> ture . 
production mo del (Kg D . H . /pario d ) . Then, 

R o x o  � A ( 5 . 1 )  
J J 

where x 0 i s  the number o f  animals grazed. 
J 

Fo r conveni enc e ,  the area 
of land considered fo r the beef produc tion sys tem is ha, so tha t x 0 ,l 
i s  s tocking rate fo r the 0 th BEEF p ro duc tion s;>�s tem . 

J . 
The maxi Glum 

s to cking rate fo r each BEEF ac tivi ty was e s timated by an i terative 
proce s s : 

1 .  A pattern o f  1iveweight gain ;;md the co rre sponCJ.ng fe ed. 
requi rement v ec to r  (R] ) \·ms spec i fi e d ,  and the mo del u� ed 
·� . . to . 0 .... ( 1 ) v.J 8C<.A'J.tnl s e  s clo.ng :!.'a ve x o • 

J 

2. The feed cons traint I'OHS o f  the model 1-1ere examined to 
i dentify p e riods in which supply (of feed) exceeded 
dcm&�d, i . e .  R !  0 x� � A .  

� J  J � 
and periods 
. 

R1 1 � . e . _ 1cj xj 
in whi ch supply equalled demar..d, 

= 

3. Liveweight eain s ,  and henc e fe ed requi rements ,  were 

reduced fo r periods in which demand equalled supply ;  

liveweight ga ins , and hence feed requi rements , were 
increased fo r perio ds in which supply exc eeded demand. 
These adjus tments were made subj ec t to the cons traint 
that slaughter weight and length of the production 
period were maintained and subj ec t  to maximum rates 
o f  gain pres ented in Table 4 .• 5 .  Thus a. second vec to r  

? 
o f  feed requi rements \vas defined: R'":' . J 

The model was then us ed to maximise stocking rate (x� ) 
and the procedure repeated. ( 1 )  J 

( 1 )  �lhere no slack exis ted in any feed !'lOW , shadow prices ,.,.e re used to indic.ate t,he 11 rela+..iveJ}$f{�PLfr,ri�E���T�A ccnstrai.nte . 

liBRARY 
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The maximum stocking rates fo r ear.h BEEF sys tem are p res ented 

in Table 5 . 2 .  

I 

I 
I 

Ma,>d,mun Stockinp; Ra tes For E.EEF 1 • ]. , 3 A..11d f.,. 

BEEF 1 
BEEF 2 

BEEF 3 

Br.:EF 4 

Ma:x:im1 11n St.n_c'king RA.t.e 
(Ammals/ha . )  

b. 08 

6. 72 

6. 22 

5 . 77 

The liveweiehts achi eved by the animals in each produc tion sys tem 

whe re s tocking rate is a maximum a re pres ented in Fi g . 5 .  1 .  The vertic'3.l 

axis defines L, l•! . from purchase at 100 1\g to s laughte :r at 380 Kg. ThP. 

thre e ho ri zontal axes define the periods over wr�ch the animals �re 

grazed. Pe rio dR 1 - 1 5  (bo tto� axis ) ,  and 1 6 - 30 (middle axi s )  accoQl1t 

fo r the firs t 12 months that. the airi.r::uls are grazed \-li w..in the sys tem , 

( They account fo r the enti re p ro duc tion p ro c e s s  fo r BEi:F 1 ) o  Period s  
31  - 45 (top axis ) rep res ent the 1 5  pe riods in the fo llo'rring grazinr; year 
during which. animals may be grazed, (i . e .  the 3 1 st - 45 th periods that 
the animals are on the farm ) . As discussed earlier, the feed require­

ments fo r periods 3 1  - 45 of the produc tion process a re aggreg:1t�d 1vi th 

those for periods 1 - 1 5  so that on� one grazing year ( 30 p e riods ) is 

conside red, 

The ac tual dai� liveweight gain achieved by the animals at 

mrud.mum stockine rat� fo r BEEF 1 and BEBF 2 are pres ented in Fig. 5 . 2a 

and fo r BEEF 3 and BSEF 4 in Fig. 5 . 2b. As in Fig. 5 .  1 ,  periods 3 1  - 45 

are the first 1 5  periods of the second year o f  the prodLtc tion proces s .  

The dotted lines in Fig. 5 .  2 defines llla.'Cimurn allowable L. W . G. (Kg/animal/ 
day) , and the numbers in brackets d efin� the numbe r  o f  days o ver which 

the specified level of L. W. G. is achieved. 



Fig. 5. 1 
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Pa�te�s Of Liveweight Achieved �y Ant�als In 
Beef P-r-odnctiQn_$.Y,.§.tems At Haximmn 

§.tgcking Rates 

X -i( BEEF 1 
- - - - - - - DEI:.:F 2 

BEr.:F 3 
-*- -x- BEJ.::F 4 

I I I ---.1. 
25 2b 28 30 

5 6 .. , 
'{ 8 9 1 0  1 1  12 1 3  14 15 

Periods 
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Fip.;, 5.LUU 

L. l.J. G .  
(Kg ) 

1 .  5 

o,. 5  

L . W . G .  (Ke ) 
1 .. 5 

1 .  0 

0. 5 

1 .  5 . 

1 .  0 

0. 5 

DailY Li ve!{eight Gain Achi eve9._, BEEF 1 ,  BEEF' 2 

( ) 

BE1'F 1 

Li.veweight gain/head/day ( L.H . G . ) 

11aximua allo 1vable L.  i� , G . 
Number of days L. W . G .  is  achieved 

I 
I 

I 

( t 96 ) ,,... _ _ _ _ _ _ _ _ _ ...) 
--------��------------� 

( 8  4- )  
I I I I I I _LL.LLJ_LL.L.LJ...__.__,t�l __.__..._! _,1 

(l 4 )  

- - - - - - - - - - / 
( 84-)  

I I I 
5 

1 0  1 5  20 25 30 

Periods 

BEEF 2 

, _ _ _ _ _ _  _ 

( 98 ) 
. / (4-2.) ,.- --- - -; - -r- C1 4- ) - - -

(1 4-) 

\ ( 1 1 1.. ) 
. 

. 

I I I I I l I I I I I I I l l J 
1 0  1 5  20 25 

Periods 

30 
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Daily Liveweight Gain J\.chie_Ed,. BEEF 3, BEEF 4-

Li vewei eh t eaj_n/head/ day ( L. W .  G .  ) 
Maximum allo�mble L .  �·J . G .  

( ) i.�w.1ber of d ays L. W .  G .  i s  achieved 

L. W . G. 
(Kg )  

1 .  5 
1 . 0 

0 . 5 

1 .  5 

1 .  0 

0 . 5 

BEEF 3 

( '  1 1_ ) 

�������������������J�I ��� ���J�j-��1 ���1 �1-L ! 
5 1 0  1 5  20 25 30 

Periods 

BEEF _4_ L .H . G .  
(Kg )  

1 . 5  - - - - - - - - - - - -- - - - -

1 . 0  

( 63)  
0 .-5 

35 40 45 

1 . 5 ,( 3 S') - -( 2. I ) _ -
I -------. 

I ( 
1 0  (-s-6 ) , _ _  ,_ _ _ _ _  ,.. . 1'--�...:_---, - - - - - - - - - - - - ..... / ( 5 6 )  

0 . 5 

5 

I�) (Lg) 

I I I 
1 5 20 

Periods 

I I I I l 
25 .30 

- ' 
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5 . 3 . 3 Conciitions Thl!t Preyent FlJ,]:'ther fucreases In StockinP.: 
&4e Fo_r Be_GL.§.y:s tom§. 

5. 3. 3. 1 BEE:i.', 1 

\·lhe re 6. 08 animals/ha ar.; grazed to reach the target weights 
specified by BSEF 1 (Fig. 5 o  1 ) ,  and feed is  rnao e available on�v by the 
management optiC�ns ( gra?.:ing s eve ri ty and length of spell) defined in 
the past11re production model, fe ed is " tight;' ( 1 )  in periods 1 3  - 30 and 
11 s lack11  (2 )  in periods 1 - 12  of the grazing year. 

Dec re e .'3ing the level of L. W .  G. ove r  periods 1 3  - 30 with an 

equi valent inc rease in periods 1 - 1. 'G  \.,rould alloH mo re a.ni;nals/ha to 
be grazed. Ho\vever, rnaximuu1 L .  W .  G .  allo�mble in the model ( , 85 Kg/Hc1/ 

day from Table 4. 5 )  is alread,v bei ng achieved in peri o ds 1 - 12 ,  The 

shf:l.dow priees associated Hi th feed periods 26 - 30 are slightly lo1.: e r  
than tho se fo r the o ther " tight" feed peri o ds , Henc e dec reased L . � . G . 
over periods 1 3 - 25 wi th a co rresponding increase in periods 2.6 - 30 
would be a�sociated with a small increase in s wcking ra. te . Ag:dn, 
such a chang0 is no t feasible si nc e 1. -• .J . G .  is already a.t the maximutn 
( 1 . 5  Kg/Hd/day) fo r periods 2o - 30 ( see Fig. 5 . 2 ( a ) ) .  

Grazing 6. 72 animRls/ha so that the target weights are met, 

results L11 feed being 11 tj_e;ht,11 in all perio ds of the year. The shadow 
prices associated wi th feed periods 1 - 1 3  and 26 - 30 are gene rally 

lO\.;er t..lvln tho se fo r periods 14 - 25.  Small increases in s tocking rate 

may therefo re be expected if L .W . G .  (and feed requirements ) are reduced 

in periods 14 - 25, wit.l-t a compensating increase in perio ds 1 - 1 3 , 
26 - 30. · Ho1veve r, po s siblA inc reases in stocking ra.te are likely to 
be small onc e  thes e conri.i tions (no surplus feed and shadow prices almo s t: 
equal fo r all pe�ods ) have been reacbedf3 ) 
( 1 )  The shadovJ prices associated with feed in those periods ) 0 .  

(2 ) Shadow prices = o. 

(3 ) A mo re de tailed di scussion o f  the shadow prices involved in this case 
(BEEF 2 ) is p resented in Appendix: 3. The rem.1l ts o f  one attempt to 
inc reas e s tocking rate are also presented in Appendix 3.  
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5. 3 . 3. 3 BEEF 3 

The maximur.n st.ock:i_ng rate for BEEF' 3 is b. 22 animals/hll . At 

this smcki ng rat� feed is 11 tieb t" in all perio ds of the year. .:)hado,,• 
pric es ;ue (appro;ci.rn!ltely) equal fo r periods 1 - 6 and 1 1  -· 30, P •• nO. 
lower than fo r periods 7 - 10 .  lmirnals do no t achieve ma.'<imnm L. w' . G .  
i n  a.ny perio d of the pro duc tion process;  h�nc e :  a s  discv)'; sccl i n  .Sectio(t 
5 • .3. 3. 2 ,  smr-tll increas es in stocking rate co uld be obta.inr:;d by furthar 
adjus ting the pattern of L . w . G .  

5 3 J 4 BE& 4 . . . ----
i 
I 
!At the maximum stocking rate ( 5 .  77 aninJA.ls/ha ) feed i s  " tight" 
I 

in all periods of the year. Haxi.murn L . I� . G . i !3  achieved in periods 
1 - 6 (Fig. 5 . 2 (t)  ) .  Shadow prices as so ciated 1vith feed pe.L'iods ? � ·  '13 
are s lightly higher thA.n those as socia t.ed wi th the o the r feed periocL1 , 

Feed requi r8:71.er1t could be reduced it1 th ese periods by in(� rc�e�.sin� the 
gain a.chiev·ed by wean er e a  ttle (from 0 in ?eriods 8 ,  9 and ·j o ) a..'1d 
reducine the gain a.c ni eved by yearlir1g c e.tt::!.e (in pe riods 38, 39 "3.!1d. 
40 ) becaus e :  

and 

(a ) the feed requirements ffiO O.el etggret;8.tGS thG feGd 
requi rements in peri o ds 8, 9 and 10  with 38, 39 
and 1/J 

(b)  fro11 equa tj_on 4. 3 ,  the feed requi :rBd to achi eve 
the same level of L .  �� . G . is less for (lighter) 

wean er ea ttle than that required by (heavier)  

yearling ea ttle. 

Fo r the purposes of this study, ho .. rever1 the stocking rate , 5 .  77 

animals/ha, is considered as the m3.Ximum po ssible fo r th.e length o f  

p�duction process defined by B�, 4. 

5 . 4  Diseys sion On 11P..X.i[]1u.m Stockin'r Rat�s Fo r Beef Sy-stems 

The li veweight gain per arLi.mal in the beef production ac ti vi ties , 
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BEEF 1 ,  2 ,  3 and 4, is 280 Kg. The length o f  time taken to achieve 
this gain is 364, 420, 476 and 532 da.ys fo r BEEF 1 ,  2, 3 and 4 respect-

ivcly. Average daily �. -.� . G ./head the refo re dec rea ses from BEt':F 1 
through to BEEF 4. Henc e ,  while inbJce/head req'J.i red fo r :!JI'oduction 

cou1d be expec ted to decrease from BEt.!" 1 through to BEEF 4� 1 ) the 

maintenance requ.irem€mts/head would be expected. to increas e f rom BEEF 1 

to BEEF 4 becaus e the animals are grazed for a longer period o f  time 

and maintenanc e requi rements mus t be met each day , 

Table 5 .  3 presents the maintenance, production and to tal feed 
requirements ( Kg D . H . /animal) fo r the patterns of L. W. G .  that allow 

max...i..mum stocking rate for each BEEl" sys tem. 

Table 5.3 

Feed Reouirementsi.Ani_rpal Fo r Be�f Systems 

Hain ten..::l.>1c e 

Production 

To tal 

BEEF 1 
1 0.38 

1 00 5  

2043 

BEEF 2 

1205 
1 006 

22 1 1  

BEEF 3 

1 350 

983 

2333 

B5.:EF 4 
'1 543 

990 

2533 

r�ntenance requirements inc rease with increasing production 

period (BID, 1 to BEEF 4) , as discussed above. Pro duction requirements 

however, remain relativeJy constant between the ac tivities . Two 

assumptions inherent in the model appear �) be masking the expected 

decrease in production requi rement from BEEF 1 through to BEEF 4. 

Firstly, pas ture quality (M. Cal. M . E . /Kg D . M . ) is assumed to var.y 
throughout the year as shown in Table 4� !..,. Hence the ac tual p. �1 .  

requirement/head for production i s  dependant o n  the amount o f  L.W . G .  
achievBd in. different periods o f  the year, Table 5 . 4  shO\ITS the pro-

duction requirements/animal fo r BE�..:F 1 ,  2, .3 and 4 in terms of M . Cal . t1 . E .  

( 1 )  Since from Table 4. 4 inc rem ents in L . W . G .  are associn.ted \-Jith in­
creasing inc rements in prod.uct.i.on requirement fo r animals o f  the 
same li veweight. 
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Availa,ble Ene:r:g_y Heg_u.i rem .. ents FQ.r Beet .'3v:s tems 

BEEF 1 

BEEF 2 
BEEF 3 

BEEl" 4 

Prodllction Requi remen.t 

.Jl.1.&.9al.r.. H. E, /a.n.,i..r1J.::tl.L 

* The pattern 0 1� L,\-/ , G, for BEEF 4 includes 84 de.ys of zero L . w . G .  

(Fig, 5 . 2 ( b ) ) .  He11c e averase d<.tily L . ltJ . G. o n  the days (41..8 ) 
that L . tl . G,  is achieved, i s  higher than for BEEF 3. Therefore 
the pro duc tion requiretllent would be expec ted to be ( and is ) 
r.igher t..han that fo r BEEF 3 .  

Secondly, Equation 4. 2 i s  a linear approximati on of the 
rela tionship between L . W . G .  end produc tion intake/L. H .  . 75 The ac tual . 

re la ti o ns hi. p bet\-.feen L . U . G .  and produc tion intake/L. 'd .  . 75 oxh.ibi t.g 
dec reasing returns ( s e e  Fig. Lr. 9 ) . Henc e ,  within the mo del the 
inc rease in produc tion requiret:".ent with increasing liveweight guin is 
no t as large as would be expec ted fr�m Table 4. 2 .  

Becau s e  o f  thes e tv10 as swuptions (pasture quality, and the Ji_near 
approximation of produc t.i.on require�aents ) ,  to tal fe r3d :requi rements/heaci 

inc reas e from BEEF 1 through to BE e;F 4, due to the inc rease in. maj.nte­
nanc e requi rements . Given thi s ,  the maximu� sto cking rates fo r each 
BEE;F produc tion ac tivity can be di scussed in relation to to tal sys tem 
requirements ( to tal per animal requirements x maxi.murn s tockinG rate ) 
and the overlap o f  the two clas ses o f  stock, (yearling cattle and replac e­

ment weaners ) .  

Figs . 5 .  3 - 5 .  6 pres ent the total sys tem feed requi rements fo r 

each period o f  the gra zing year. Hainten.:mce requireme:1.ts and the 
to tal requirements are shown . The area. bet\.feen ( the solid line and 
the dotted line) represents the to ta.l p ro duc tion requirement per perio d. 
'r'ne total system requirements on an annual basis are shown in Ta.ble 5 . 5 .  
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'fable 5o� 

Total System Feed Reoui rem.ents On An A9nu,al Basis 

J�M,/hA. 
BEEF 1 1 2424 
BBEF 2 1/-r855 
BEEF 3 145 1 3 
BEEF 4 146 1 5  

Inc reas es in s tocking rate from B£EF 1 to B:SEli' .'2 then i s  due to 
the use of pas ture tbat is surplus in some perio ds ( 1 ) fo r BEEF 1 bu t 

which canno t be uti lis ed bJr this produc tio:1. sys te.11 due to int.-?.ke r&­

strictions in thos e  periods. 

Decreas es in s tockinG; rate f1·om BEEF 2 through BEEF 3 and BE&F 4 

are due to inc reasing m aintenance requi rements/animf"l.l as the p ro ciuc tion 
period inc rt�ases . This is illus trated by the m?.intenance requirl3ments 
over periods 7 - 14 fo r B�, 2 ,  J and 4 from Figs . 5 . 4, 5 . 5 and 5. 6 
respec tive ly. 

5 . 5  Grazine_H�agc�ent Plans 

The grazing management plEu1 thA t maximised s toc1dng ra te for any 
BEEF produc tion system was not unique. In all c asGs , 8ome pasture pro-

duction ac ti vi ties no t inc luded in the op timal plan c ould have been in-

e luded without alteri. . .-J.g the max.i.mum s to cking rate. This result is no t 

surpri sing. In real- life grazing management sys tems , the level o f 

production ac tually achieved probably could have been obtained from a 

nuub er of different grazing management decisions . 

Since the grazing management plan that :naxi.rnises s tocking rate 

fo r any BEEF produc tion sys tem is no t unique, comparisons between grazing 

management pl�llls for the different BEEF production systems are difficult. · 

In an attempt to rationalise comparisons beti.JGcn grazing man a gement plE...ns ,· 

( 1 )  Compare perio ds ( 1  - 6 )  in Figs . 5 . 3  and 5o4. 



Fig. SA_} Period Feed Requirements For BEEF 1 At Maximum Stocking Rate 
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Fig. 5.4 Pe,riod Feed Reg,uirements Fo r BEEF 2 At i't.a.ximum Sto ckine Ra.te 
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Fig. 5.5 Period Feed Reouirerr.ents Fo r  BEEF 3 At i-�aximum Stocking Hate 
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Fig, 5.6 Period Feed Reca.uirements Fo r BEEF 4. At f.'iaximu.m Stockj,.np; Rate 
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5o 5  Grvzing Management Plans ( Continued ) 

the model was us ed to maJd.wj.se pasture D . N .  produc tio ..... , surplus to feed 

requirements assodated \ Ji th the previously determined maxicmm s tocking 

· rate for each BElli<' system, 

The amount::; of surplus pasture D . 11 ,  and t.he period s in which 

these occur, are presented in Table 5 . 6. 

Table ..5..i!. 
Prod1JCtio11 OP Fe�d Surplus To .Arti.mal Re'1!1ill.:.:£lQt!ts At 

The Haxi.mum �i:9.9.king_ R_.:,.te Of Peef 1� 2. 3J h1.d.,___A 

.E.Etli.gs! 
4 

6 
8 

9 

1 0  

1 1  

12  

30 

To tal D . M .  produced) 

annually above 

animal requirements ) 

(Kg D , l1 ./ha ) 

Extr£\ .Fe_g.d (Kg_p_J:i,l 
BE.T�F j 

1 08 

1 .345 
56 

52 1 
38 

1 1  
14 

1 1  

2082 1 1  14 1 1  

Maximising pasture D .M .  production, surplus to animal requi rements , 

did not produce unique grazing management pl��s for each BEEF sys tem. 

Hol.wver, in each case,  the number of non-basic pasture production activi ties 

that could. be inc luded in the optimal plan without altering maximum stock-

ing rates was reduced, (e . g. from 92 to 211• fo r BEEF 1 ) . The solutions 

for BEEF 2, .J and 4 conta.in 27 : 27 and 2 1  nolJ-basic pas ture produc tion 

ac tivi ties, respectively, that could enter the optimal basis wi thou t 
cost. 
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To so�e extent then the grazing management plans chosen by the 

mo del are an l;lrbi trary s election from thn s et of o p timal plsns fo r 
each BEJ::;l<, p roduc ti on sys..teHlo In order to improve on this situation 

it HOUld be neces sary to derive c ri teria .fo r s elec ting between ple.ns ; 
. but this matter has no t been pursued. further in this s tudy. 

The (arbi trgry) optional grazing managerncn t plans fo r BEEF 1 ,  2. ,  

3 and 4 a.re presented in Figs . 5.7,  5 . 8 , 5. 9 and 5.  ·1 0 respectively. 

Co lumns ( 1 - JO ) re:presellt the periods of the gre zing year. Each 

ho ri zonta.l arro1-J ( e. g. 19---7 ) represents an area o f  pas ture spell ed 

frot!l the mid - point of one p eriod, and av1:1 ilable fo r grazine in sooe 

o ther peri o d .  Pas ture avai lable fo r HIG}I graz ing i s  shoHn by the 
solid a rrows , and pas ture avai1able for LCJ',i gr<'!zint. by the do tted arrOi.f.S , 

TI1o number to the left . of each arrow defines ��e area ( 1 ) o f  pas tu �e i n­
volved, and the numbe r  i s  in the period (c o luJlln) from \<1hich pas ture is 

spelled. The head of tbo a:::Tovl d.efines t,.�e period in which pa s tu re �s 

available for graziu�. 

The numbers in brackets to t..l1e left of colu_fJ121. ( 1 )  sho"H t!:.e area8 
spelled fiDm gra:r.ing at the end of the grH.zing year until grazi.nt:; near 

the bsgir .. tl.in� o f  the next year. Fo r eY..a� �·le ,  in the g:L'<::.zint:; t<:cn::lgement 
pbn fo r B.s.LFt (Fie. 5. 7 ) , th<:> fi rs t roH shO\fS that. 1 ft ha. of pas ture 

are spelled from period (29 ) and grazed HiGH in peri o d  (2 ) .  

Table 5 .  7 is a mo re detailed repres entation o f  the optimal grazing 
management plan fo r BEEF 2. .  A gra.zing a rea o f  1 00 ha. is Ftsswncd. In 
each row the to ta.l area of la.'1d i...'1. each period i s  reconciled to equal 

1 00  ha .  Th e  first two columns contain the area grazed ei t.ber HIGH o r  
LO\� in each period . Remaining co lumns contain the e.rea (:hec ta res ) o.f 
pasture being spelled in each perio d, and the le-ngth of time since i t  
was grazed either HIGH or  LOH. For example , in period ( 1 3 ) ,  35 ha. are 

grazed HIGH; 32 ha. have been spelled for 14 days since H1GH grazing 

in period (12 ) ;  and 33 ha .  have been spelled fo r 28 days since HIGH 

grazine in period ( 1 1 ) .  

( 1 ) A basic ar'3a o f  1 hec tare is considered in all C'xperimen Ut tic no 
The a reFts in Fies . 5. 7 - 5 . 10 �.re the areas g'l'B z ed tiBes 100.  
Alternatively they may b e  consi de red as the actual area crazed 
where the t�) tc1.1 area grazed i.s 10U ha. T0 simplify the p resen­
t.Rtion o f  these results , the areas erazed have b0en ro�1ded off. 
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Fig. r:;�ry -- -'� ..... Grazing 11anagem<3nt Plan For BEEf 1 
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Fig. 5.� 
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Fig. ';.9 
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Gr�ing Management Plan Fo r BEEF 4 
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Table 5..:1.. Detailed Reures entation Of Grazing Plan Fo r BEEF 2 
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5.  5 .  Grazing i-1ana�ement Plans ( Continued ) 

Leneths o f  spel l tJ1at are no t multiples 0f 7 o 14 clays are 

brought about by spelling pasture from a 14 day period to a 7 day period 

· o r by spelling pastu re from a 7 day peri.od t.o a 1.4. day perio d� 1 ) Fo r 
ex::l.mple, in period (26 ) ,  26 ha. are gr.:tzed HIGH. The mid-point o f  

period (27 ) ,  a 7 day period, is 1 0  d�ys after the mid-point. of p eriod 

(26 ) , a 14 day perio d. l'hus in perio d (27 ) 26 h R ,  have been spelled fo r 
10  days since grazine at the HIGH level. Simi 1 arly the 1 ha . of pasture 

that had been f>pelled after HIGH grazine fo r iL .. days in period (26 ) , anci. 

the 3 1 hl'l., spell ed fo r 1l!- dnys sinc e rm� era;>;ing have both beeo. spelled 

fo r 24 days by the mid--:-poi�1t of period (27 ) .  

Exten ding the len�th o f  the production process w1ti l period 36 
(BEEF 2 )  alloHs s tocking rate to be in.creased from o . 08 animals/h:?.. 
(maximwn fo r BEU, 1 )  to b , 72 animals/nl'l., (maximum fo r BZEF 2 ) .  In 

o rder to sim,')lify ex:=t.mination o f  the differences that exist tet .. ,een 

the two grazing mMagemen t. pJ ans , t'rle ye.3.r h<i.s b8en divi d.ed into four 
periods . S::) ring accounts fo r grazi..r12 periods 21., - 30 - 4,. inclusi ve,  
sUIJuner 5 - 1 1 , e.utumn 12  - 17 :  EtL1d winter 1 8  - 2 3 .  Tile area of pa.stuTe 
erazed HIGH ilnd LO�� in eA.ch o f  these periods is pres ented in Table 5 .  8, 
along i-li th t.he a.rea graz ed per day (i ,. e .  to tal area erA.zed di'rideci by 
the number o f  days in each period) . f.. to ta1 A.rea o f  1 00 ha. i s  con­

side red. D . H. available per grazine; i s  calculated as the to tal feed 
requirements plue extra fe ed grm.m ( Table 5 . 3 )  divided by the nut.rrber <' f  

hec tares grazed. 

The length of  spell between grazings over the spring perio d 

(as represented by tbe average a rea o f  pastu re graz ed per day) is shorter 

fo r BEEF 1 . than fo r BEEF 2.  T'ne amount of pasture available at each 
grazing (on average) is also less . The ro tation length over th e swnrner 
for BEEF 1 however, is longer than fo r BEEF 2 and pasture available/ha . 

at each grazing is considerably mo re (a considerable amount of  this 

swnm•3r produc tion is extra D.M .  above an:Lmal r.::qairement� ... see Table 

5 . 5 ) .  LEmgt.h of  spell bet\.,reen gr.qzin�s tll"ld D . M. available/ha. at each 

( 1 )  See Section 3. 4. 4. 
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Table 5a8 
ComQarison Of Grat1;in�r I1ana,[{emen:LPlans Fo r BE8F J Ano. 

BEE;fi' Z (l•·o r a To "tlal Are�J 100 Hectares 2 

Averaga D . H .  

Area Gra zed (ha ) To tal Area Area Grazed Avuilable/ha 
HIGH IDH Grf!.<jed (ha) Per Da·.r At �-'3.Cjl Gr8.?.il1& 

BEEF .1 
Spring 8 1  277 358 3 . 65 1286 

Surmner 237 237 2. 4-� 2086 
Autumn 1.4.7 52 199 2. 37 1 5 1 3  

Wi nter 46 103 149 1 .  77 1 3 1 5  

Bt<�El'' 2 
Spring 177 141 3 1 8  3 . 24 1765 

Summer 2 1 2  83 295 3. 0 1  1 506 

Autwnn 17 1 29 200 2. 38 1423 

Winter 1 0 1  50 1 5 1  1 .  80 1 300 

grazin.t; are similQr fo r bo th BEEF 1 and BC:C"i" 2 o ver the aut1..1mn 8.ad winte ·r 
periods . 

To t-al D . H .  produc tion by bo th gr�u; i.ng plans i s  similar, ( 1 /;..500 
Kg D . l1 . /ha fo r BEl�F 1 compared \,ri th 1 4g66 Kg D , H .  fo r BEEF 2 ) ,  a:J thotlgh 

the animals in BEl:..'F 1 are unable to util i .s e  approx:ilT!ately 2000 1\g D .H . /  
ha o f  the feed grown. As discus s ed in Sec tion 3. 4. 3 . 2 , thi s  extro. D . H .  
i s  asmuned to be removed meclumicalJ.y from the pasture so tha t th e pas ·C'.lre 
pro duc tion relati o ns hips ir>.h e rent in the mo del hold fo r all periods o f  

the year� 1 ) 

5 . 5 o 2  Comparison Of Grazing Management Plans That Maximis e  Stocking 
Rat�Fo r__BEL:F 2 1.Jijih Th e Plans Fo r BEEF 3 And BID' 4. 

Te.ble 5o 9 compares the g:;:-azi4lg men�gcmeilt pla.ns that result in 
the maximum stocking rates o f  BEEF 2. 1  3 and 4 being run. As in Table 

5�  8, the plans have been simplified into 1., period$ , 

.ti:•jo r  differenc es betMeen the pl3.ns occ·u.r in tb e sununer period 

( 1 )  l�tkine supplementarJ feed as a means of uti lising extra feed is 
considered in Sc� tion 5. 7. 
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HE:EF 2 

Sprine 

Summer 

Autumn 

Winter 

BEEl'' 3 

Spring 

Summer 

Autumn 

Winter 

�EF 4 

Spring 

Summer 

Auturrm 

\>/inter 
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Comrarison Of G;.-azing_£_1anag�ment For BEEJ.<' 2 With Plan.1L..fo r 
BEJ� J P.nd HEEF !r At !'-fa.ximum Stocking Rates 

Average D . H. 

Area Grazed (ha ) To tal Area Area Grazed Available/ha 
H.Ic-H IfM Grazf�(hill_ Per DRy At E�tch Clrazi.rw: 

177 141 3 1 8  .3. ?..4 1765 

2 12  83 295 3. o ·J 1 506 

17 1 29 200 2. 38 M23 

1 0 1  50 1 5 1  1 .  80 1 300 

1 1 6 200 3 1 6  3 . 22 1 569 

1 52 93 2/+5 2. 50 2 1 53 

160 41t 204 2. 1�3 1 09 1  

76 72 148 1 .  76 1 398 

193 1 14 30? 3., 1 3 1 584 

24.3 24.3 2.48 2 1 14 

106 140 246 2� 93 1 123 

.34 1 .3 1  1 65 1 .  96 1 1 30 
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5 .  5. 2 Compa r:isor1 Of Grazing H-omt�.gement Plans That M,g.x:imi s e Sto cking 
Rate I<�o r  BEEF 2 Hith The Plan s Fo r PEfF 3 And BEEF 4 (Gnnt.inuect)_ 

when the s loHer ro t.::1tions of BEEF 3 a'1d BID' /+ resu lt in higher levels 

· o f  avai lable pas tu re/ha at each gre.zing. 

To tal annual D . H. production frorn tl1e three plans i s  similar 
( 14866, 14527 and 1 /+G2o Kg D . l1 ./ha for BEEF' 2,  3 and 4 respec tively ) 
des pi to the differences in management plans . 

The grazing management rlans devi � cd by the mo del are complex 
in the number :md areas of fe ed sourc es us ed in any one perio d. Fo r 

ey..ample , from Table 5 .  7 ,  th!-3 68 ha of  pasture grazed in period (6 ) i s  
made up of 2 1  ha, tbat has been gre zed HlGH 14 days previously, 2) h� 
th.<it had been grazed HIGI{ 24 days p revi0lJ.e J y, and 2J.� ha that had been 

grazed 3 1  de.ys previously. In the on-fc.rm situation v1here an elec tric 
fenc e is u sed, the area of pas ture ere zed in any o n e  p0riod ( day) 1-Ti ll 
almo s t  c crtc inJ y h ave b88r1 spelled fo :r different le-ngths o f  ti me end 

have beea subj ec t  to ve.rying degre es of gra ?.:ing j ntensi ty. 

in this p ractical situation thP entire area o f  a padd.oc1<: erazed in some 

previous period ( t) vri ll usually be completely gra7.<?cl e.gaj_n once a s ta.r.t 

has been rnA.de on that area L11 period ( t + k ) .  Thu t is , where 10 ha are 

grazed in period ( t ) ,  and the ma.>1ager feeds smaller areas ( < 10 ha ) in 
the subsequent (k - 1 )  periods (i . e. to slow down the rotation ) then 
the 10 ha grazed as a paddock in period ( t) ' . .fill probably no t be eo� 

pletely gra z ed in peri o d  ( t + k ) . If 4 ha of that paddo ck are grazed 

in conjunc tion with 2 ha of some o ther paddo ck in perio d ( t + k) then 
it is mo st likely that some of the remainine 6 ha wi lJ_ be graz ed in 

period (t + k + 1 )  and the remainder in perio d (t + k + 2 ) .  

The areas selec ted by the model to b e  grazed in each period are 

no t constrained by the practical consid eration of grazing an entire 
paddock once a st.-1.rt has been made on that paddock. Areas of pasture 

grazed HIGH in a period are pooled by t!'le area constraints ( 1 ) and the 

pooled a rea is thus avai lable fo r grazing 8.t eithe r HIGH o r  LOW levels 

( 1 )  Area constraints are described in Appendix 1 .  
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in subsequent periods . SimiJ arly, the areas grazed WH in a period 

are pooled for subs equent grazing.  The fa.c t t.h.':lt the model "pools " 
areas grazed in any period makes the task o f  defining a managemAnt plan 
which could be appli ed to the real- J.ife si t11a tion a difficult task. 

This problem may be illustrated Hith the help of Fig. 5 . 1 1 , 

\vhich ha s been d erived from the detail ed compute r ou.t:::-ut fo r BEEF 2 . 

Fig. 5. 1 1 The Fn.te Of ')'7' ,_, .11.'1 Gra z P.d IJ:M In Perio d ( 1 )  

Period 

1 (27 ) 

I 2 

l I .3 I 
4 

5 (2 1 )  (.32) ( 1 1 ) 

6 ' 
J 7 

The 27hA. gra zed LO.-i in period ( 1 )  is 13ra zed HIGH i11 perio d ( 5 ) . 
This area has been poo led wi th 5hn that has also been grazed HlG}i in 
period (5 ) .  The pooled area of .32ha has bee�1 s u.bdi vided intiJ two a reas : 

21ha grazed Wi.J in p e riod ( 6 )  and 1 1ha gra3e d  IIn in peri•Jd (7 ) .  The 
model doe s no t partition the 27ha into the a rea grazed LCJvl in perio d ( 6 )  
and the area grazed IDI-1 in. period (7 ) .  

The problem of tracing the fate o f  the 27ha grazed LO' • .J in period 

( 1 ) , so that the � 27ha is graz ed L')'J in �crie d ( 1 )  in the subsequent 

year is no t tri•rial but can be solved. A system of equations can be 
derived that desc ribe the fate o f  all areas fo r a period,  and tr.ai s system 

can then be solved (e.  g .  by linear pro gramming ) to provide a gra zing 

management plDll tha t is consis tent in the sens e des c ribed above. ( 1 ) 

( 1 )  Profefl�or R. J .  Townsley , Me s s ey U11iversi ty ,  formu lated a linear 
programmiQ.g model of this probler.� fo r the BEEF 2 gr�t�i.ne sys terJ, 
but at the time o f  wri ting the compu ter output was no t available. 
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Fo r the example sho1vn in Fig.  5 .  1 1 ) let : 

x .l 
- · area graz ec'i. IO\t/ in period (6 )  tr:c� t \.Ja ::; al so 

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

X') ... = area graz ed LO .. .J in por·iod (7 ) tha t  \vas als o 
grazed HIG:I in p e rio cl ( 5 ) n.nd w;� in period ( 1 )  

y 1 
= area grazed LCM in period (6 )  that was also 

era z ed HIGH in period ( 5 ) a.nd TD1� :i.n perio d  (2 )  

y2 
, area gre.zed LOl.J in period (7 ) that HaS also 

graz ed HI GH in period ( 5 ) and LUi� in peri o d  (?. ) 

Then, 

x 1 + x2 
::: 27 

y1 + y2 
-- 5 

x1 
+- y1 

= 2 1  

x2 
+ y2 

= 1 1 

x , ' x2 ' 
y 1 } lT � 0 v' 2 

Since thrj s e  four equations a re no t linearly independ>mt. He woulc 
expect to find that th r-l so lution to tl1:Ls  prob} em is no t 1.mi que. 

An alternative approach would be to a ttempt to devise a pas tu re 
produc tion mo del th ::tt do es tAke account o f  pA.(lcloc¥.: are8 s .  
pos sibi lity has not been explored in this s tudy. 

5. 6. 1 Uses Q f  The !1odel Fo:r Grazing. Hanagement Studi e s  

However, thi s  

The )llo d e l  a s  specified c<cmno t (easi ly )  be u s e d  fo r devisi.'lg gra:d.n g 
management p lans . ¥.owever, becausP. the plans devis ed by the mo del are 

feasible (Sec tion 5. 6 )  ru1d because the model cont�ins an optimising 

routine , the 11 co st11 associated with simplifying thes e  plans to a fo rm 

that j_s acceptable for comparison wi t.'l real- li fe sys tems can be calcul?. t.ed 

by further expcrimente tion with tho mo del. To achieve this it would be 

necessary to devise some simpli fi ed ma'1ageme.'1t plan, 11 fo rce11 th.:Ls into 



- 126 -

t.t,e pas ture produc tion mo del ,  and then usi..l'lg the iterative p ro c edure 

already outl:Lried calculate the diffe renc e s  in maximum s tockine rate 

betv1e en the o riginal corn�lex plan and the s impJified p lan . The s e  

di ffe renc es p ro vide a bench-mark fo r calcula ti ng the " co s t" i:lVo lved in 
adop ting the simplifi e d  plan.  

Whi le the metho dology o f  such exp e rime ntation i s  c lear, tlle 

usefulnes s  o f  the results obtained is dependant on t!le degree of reali ty 

achi eved by the rclatio nsh·i?S inhe rent in the r.10 del . L"l the abs e nc e  

o f  suffi c i en t quanti ta tive data to validate the p roduc tion p ro c e s s e s  

rep res ent-:;d in the mod el, an d  because the s tudy w a s  c arri ed out in iso­

lat:ion fro;a a res earch o rJani sati o n  whe re subj ec ti ve atte1:1p ts at valid­
ation might have been readi ly made , furthe r expe riuwnt:-i ti.o n  \vas conside r­

ed outs�de the scope of thi s s tudy , ( the develop,nent o f  supplementar-;y 

feedine ac tivi ti e s  i s  ho\,reve r ,  co.nside red i::1 .Sec tio n  5 . 7 ) .  Furthe r 
discus sion on the develop;nent o f  exp a rimen t:-1l tschniques that may be 

us ed wi th g:;:-azine sys tem mo dels , especially thos e  tha t i::-11:;lude an o p ti­

mi sine routine , is pres ented in S e c tion 6. 3 .  

The �uo dellitltj exe rci s e  up to thi s  point has o nly cons idered 

feeding po s sibili ti e s  o .!:fered by grazing pas ture i.:-1 �i tu . Farmers 
invo lved in the pro duc tio n of be e f  do ho weve r make hay and silage . 

Reasons fo r making supple:nentary feed i::1clude the ne ed to conserve feed 

surplus e s  \vhe re s to cking rate i s  no t sufficiently high to c entra l pasture 

grow th espec ially in the spri�e , early summe r period ;  and the desi re to 
have some supplemen-biry feed avai lable as an 1 1insurar1ce11 agains t redur. ed 

pas ture growth ( e . g . in dry summers o r  cold wint.ers ) at some future ti1ue .  

A metho d o f  inc luding bo th the makine and feeding out o f  supple­

mentary feed wi thin the model vms devis ed, and some exp erimentation was _ 

c arried out. 

Info rmatiotl in the literature on the D . �1.  lo s s e s as so ciated with 

( 1 )  The mathematical de tails o f  supplement.'lry feed ac tivities are 
presented i.n Appendix 4. 
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the maki�e o f  �ay and si lage is limited � 1 ) Seven teen supplementary 

feed-rnakine ac tivities w�re inc luded in the model w1(l er the as sump tion 

that los ses as sociated wi th hay and s:i.laee o.re equal .  

Hence the supplementary feed as su·ned to be Ulade by the model can 

be ei t..�e r hay o r  silage . t:ach supplementA-ry feed ac tiv"i ty spells 
pasture a f t e r  a HIGH graz:i.:J.� and the ha.rve s ti ne fo r s upplernen t'1. l'Y fe ed 

is as sumed to occur at the lDI.J grazine leve l ,  Henc e regrm-.r th of pas ture 
after supfJlementa ry fe c�d has been li'.ade , i s  defi�ed by pas tur8 pro duc tiO tl 

ac ti vi ties ( IDH - HiGH) , already de s c ribed ·i.n the mo del.  The spelline 

and harves ting dates fo r the makine- of sup1)leme11 t-1.ry feed are preseat9d 

in Table 5. 1 0 .  
I 
I 

Talllu..J.Q 
fulELlli op; An.d.l.t;ar-vf?..§.tJ?.a t�9_ _;[Qr Swli?J •. e:nAo t1.;w: F�?.Q� 

11aki�p; Ac '!-,:.i. vi ti e s  

N�m� Spelled Frora l'lid- Harve s ted at Aid ... 
Po -i n t  Of Period_ Poin.:L9J ?eri_q_g. __ 

SU? 0 1  27 1 
SUP 02 27 2 

SUP OJ 28 J 

SUP 04 29 4 

SUP 05 )0 5 

SUP 06 2 ,. 
0 

SUP 07 4 7 

SUP 08 5 8 

SUP 09 6 9 

SUP 1 0  7 1 0  

SUP 1 1  8 1 1 

D .  H. harves ted/ha from each of tile se ac t:L vi ti e s  is  included as 
0. 765 (2 )  of the D .H.  available/ha abu ve the LOw grazin� (ha.cves tirJ.g ) ----
( 1 ) E. g. Minson ( 196) ) .  

(2 )  1 5� los s es are as sumed lo oc cur in the h�rv8s ting proc es s , and a 
further 1 0,t o f  D . 11 . is as s umed lo s t  in fe cdi::1g the supplemen t.a.ry 
feed t,� nnimals . ( r 1 '- ) _ ( .. JO_x_JL'i ) ) 1 - \ •  ) 1 

. = 0 . 765 
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height. Tb.is amount (0 . 765 D . l1 . available x area o f  supplementary 

feed made ) . is available fo r feeding in any period o f  the year subj e c t  

to t h e  feedL'lg restrictions pres en ted i n  Sec tion 5. 7 . 2 . 

The fecdic-1g of hay o r  silage will loHe r the amount o f  pas ture 
that grazint; animals may eat (Rear don ( 1 97 5 )  ) • Intak e/head has been 
cons trained wi thi:1. the mo del by limi ting the level o f  L. �i . G . th8.t anima1s 

may achi eve . To include some res tric tion on the amount o f  supplementary-

feed tha t the anim :J.ls may consume the as suctption vras made tha t animals 

could meet their wain tenance requi rer.1en t by eating ei ther hay or s i lage . 

30 supplHrnent'lry fecdi�1g ac tivities (SU?F 0 1  - SUPF 3C ) were 

included in the model. Each ac ti vi ty repre s ent'3 1 Kg of s upple:nen tary 

feed D . i·f . m<.lde availab le fo r consumi)tion (lo s s es involved in 1nakine and 
feedi:1.g supplernent.ary fe ed are inc luded i!l the supplerne<1tary fecd-mak:i:1g 

ac ti vi ti e s ) . 

Eac:h Kg o f  supplement'i ry feed D .l-1 .  eaten by th e  aoimals is 
asswnt�d to contaL'l 1 .  9 11.  Gal. i1 . E .  Henc e the amount o f  pas tLlre D . i1 .  
rep lac ed by o ne K[:; o f  supplemen -i:a.ry f e ed D . H .  c hang es thro uchout the 

year, s i llce the 

( se c To.ble 4. 4) . 

Table 5 .  1 1 .  

c on tent o f  pasture vari es throughout the y8ar.  
The ac tual replac e�ent values us ed are pres ented i n  

Table 5. 1 1 Pas ture D . M.  Replaced By 1 Kg Of S).J.llQlementaa Feed D.M. 

Perj,Q..q 

1 6 

7 1 1  

12 1 5  
1 6  20 

2 1 30 

Kg Pas ture D . i1 . Rep la c e d  By 1 Kg 

Su12plementary Feed D,i'1, 

. 7 17 

. 792 
• 745 
. 7 17 
. 679 

In each period of the year the amount of supplementary feed 

consumed is res tri c ted to the maintenanc e require!Jlent, (Kg D . H./animal x 
stocking rate), adj us ted for !'1 . E .  content of the pas ture D . M .  in tha t 
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perio d. The co effici ents us ed fo r  this adj us unent are presented in 

Table 5 . 1 2 . They are calculated as : 

!L E . Content Of Pasture D . d .  
·-----------------

;'I . E .  Content Of Supphmentar·y Feod D . H .  

Tabl·a ,2. J2. 
· .  Co r_tt<;<..td:.Q.!.l.J:.�c:..�::U:.f?_J<_jLr The Calcula..ti.oa_Q_f Su..r.l..:?.lem�t�u 

Fee_c;LI_hd_._Hestric tj&ll.J'or E;_a_c.h ?erio_d Of The Year: 

Period 

1 - 6 

7 - 1 1  

12  - 1 5  

1 6  - 20 
2 1  - JO 

Supplcmen.bry Feed D . H .  Res tri c tion 

(Kg D . A . ) Is l1ai::1tena.'1c e  Requiremc:1t 
__ _Per Atumal i·1u: ti.QJi c<iJiL ____ _ 

1 .  39 

1 . 26 

1 .  34 

Henc e where one ani:nal required. 14  Kg o f  pasture D . 1·'!. fo r maj.:ltE:--­
nance in period 1 1  the model may r rovi d e  thi s by fe odi::1e ( frora Table 5 .  1 1 ) .  

_11:�::._ 
. 7 17 

= 19 . 5 Kg of s upplementary feed D . l1 .  

From Table 5 . 1 2  i t  can be  seen that wh0r� maintenance requi rer aeClt 

is 14 Kg of pastLlre D . H .  for pe rio d 1 1  then the maximum amount o f  supple­
ment3.ry feed D . i'1 .  that may be fed equals 

14 X 1 . 39 = 19. 5 Kg 

5 .7 . 3 EX2erimeni{ation Hith Sqpole:nentarv Fc qdi::1g, Po n s ibili. ti� 

The informatioa provided by the s to cking rate expe rimentation 
(Sec tion 5. 3. 3) suggests that including supplementary feeding pos sibili ties 

would allo\v an increas e in the s tocki ng ra te fo r BEEF 1 sinc e at the 
maxi':num stocking rate (6.08 animals/ha) surplus feed is available in 
periods ( 1 - 12 ) 1 and further inc reases in s wckint; rate canno t be 
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brought abo ut by . altering the pat te rn  of L .  W .  G .  si:w e maximum L.  H .  G .  
is achieved in tho s e  per�ods . 

Inc luding the feed requi rements as defined fo r BEEP 1 and 

allo1ving supple1llenta ry feed to be made , restllted in maxi:nurn s to cking 

rate inc reas ing to 6 , 9  animals/ha ; an inc rease of , 82 animals/ha. 

The areas o f  pasture made into supple::aent!:lry feed, and the 
amo unt o f  supplement:.1ry feed us e d  p e r  perio d are p re s ented in Table 
5 .  1 3 .  

Table 5. 1 }  

3 
4 
5 

6 

7 

8 

Areas Of Supple9.!"n tary Feed i-1�de A..'1d AlJlOUll1LQ.f Sup...Q:),.e:nen t'l:r.z 
Feed Us ed In BEEF 1 J,t i··i4'9.:num �-)t-Jckine Rat� 

( To tal area consi dered = ha ) 
Area Of Suppleme:1 t!lry PerigsJ, Amount Of 

Feed i·'!Q.de Qlli_ __ Supplementary Feed 

__ _jlseJ _.(J5r; D .  i:L_.L_ 
• 1 8  1 3  1 1 5 
. 19 14 122 

• 19 1 5  90 

Q 1 1  1 6  332 
. 07 20 474 
. 03 22 32 

24 90 

25 532 

26 1 1  

In this solutioa feed i s  " tight" in all perio ds o f  the year, and 

the shadow prices associated wi th the feed rows are almo s t  equal. 

Small inc reas es in the maximum s to cking rates of BEEF 2, 3 and 

4 are al::>o achi eved. when supple:uen tary fe eding po s sibili ties are inc luded 

in the mo del. (0 . 02 ,  0 . 10 and 0 . 05 ani:nals/ha fo r BEEF 2 ,  3 and 4 
respectively) . This result is expected s ince the shadovl prices associat;. 

ed Hi th the feed rows ware no t equal when maximUGl s t.ocki:J.g rates were 

determined wi tho ut coasiderine supplementary fe eding po s s ibili ti e s . 

The inclusion of the suppleu1entary feedine alternatives gives the model 

a method by which some of thes e inequali ti es may be evened out. The 



- 1 31 -

same respons e may have been achieved by further adj ustments in the 

pa tte rn o f  L . W" . G .  fo r BEEF 2 ,  3 and 4, \..ri tho ut considering supplementa ry 

fe ed. 

5 . 7 . 4. Dis cus sion On- The Inc reased S to cking Bate Due To 
Sur>plement:arL[�Q.Q.ing 

The incluaion. o f  supplementary feeding ac tivi ties allO\vS mo re 

anitnals to b8 graz e d  in the BEEF' 1 pro duc tion pro c e s s  tha.n in BEEF 2 ,  

(which alloHed tb e highes t  stocking rate whe re only grazed pa s ture •1as 

cons i de red ) " 

This resul t mus t be cons idered in rela tio11 to the as sm1p tions 
included in the s upp1ementary fe eding ma trix;  in particular the 

as sumption Hr...ich allO\vs animals to eat up to their Jllain tcnanc e requ.i re� 

ment from s upplementary fe ed D . r1 .  and s till ac hi eve the maximun levels 
of L . H . G .  allowable in tbe model ( s e e  Table 4. 5 ) .  .A.nicnals in BEEF 1 

achieve t..h.e li:ni t to supplementary feed int:Lice in tHo pe rio ds of t.b e 
year. In o n.e o f  thes e perio, is  ( p e rio d 2 5 ) the animals also achi eve 
the maximura liveHeight gain ( 1 . 5  !\g/head/da_y ) .  To tal D . A .  intak e/bead/ 
day ( including su.pplem ent::J.ry D . ;1 , ) durint; thi s p erio d is 1 1 . 57 K.g. 
This D . ;·.1 . i.1.take is 3. 8� of ani mal L . hf .  which in vieH of in.fo nna tion 
avai lable on aniilla l  intake ( s e e  Sec tion 4. 2. 1 ) a wears u;uealistically 
high . 

Furthe rmo r e ,  no fi nanci al considerations have been taken into 
account; in partic ular the co s t  o f  COL1s erv:i.ng supplementary feed. 

�lhile such conside rations could eas i ly  be inco rpo ra ted wi tf>.in the 

supplem entary fe eding ma trix ,  this has no t  been done in this s tudy due 

to lack of mo del validation. 

The _ supplementary feeding matrix was included to i llus trate 

that supplementary feeding could be handled in such a mo de l. Gi ven 

quantitative data on the los ses associated with making and feeding out 

supplemeata.ry fee ds , and inforrnation on the likely intakes of supple­

mentary feed in rela tion to to tal feed in take, the model could be used 

. · to furthe r inves tiga te the us e of supplementary feed •..ri thin a beef 

pro duc tion system. 



1 32 

5 .  7 . 5 Further Experimentation Po s sible Hi th The lviode l  
Including 0ypplemen ta.ry Feedi ng:  ?o_�?ibili tie_§__ 

Hhere valid as swnptions conce rning the harves ting, fe edi nG out, 

and per animal intake o f  supplementary feeds are i nc luded, the model 

a s  outlined c ould be . u s e d  to inves tigate the co s t  - efficiency o f  feed 

cons e rva tion as a means o f  trans ferring fe ed f ro m  p e ri o ds o f s urplus 

to t..hese periods v1here f e ed su1;ply limits further inc reas e s  in s to ckiag 

rate . 'Ihc model could a lso be used as a means of 1 1hedgin�11 again:::; t 
the llJ1ce rtain natu_re o f  c limati c fac to rs and the effec ts they have on 
pasture pro duc tion, Tha t is , s tocking ra tes fo r each o f  the B�EF 
ac -tivi ti es co uld be maxi:ui sed usin� the i terative p ro c edur-e outlined, 

subj ec t to the cot1s traL1t that x ba les of hay ( Kg of s upplementary feed 

D . 11 . ) are made per animal .  Again, s lnce the mo de l contains an op timis ing 

routine , tile 1 1 c ost11 of providing such insurance a.gaL.'1s t cli.:na tic unc ert>li.n­
ty c ould be calculated. 

The supplementary f.c; <:;ding model c o uld also be us eO. to inves tiga te 

the effec t of takinG out of t;razing ,  spec iali s t  hay (o r  sila;:;e c ro p )  

areas , a s  OplJo s ed to the harve s ting of s urplus fccrl after a rela Li vel.y 
sho rt spell. Tr!.i s latter ai_:;p roach was the o.w used in the s up�lemen--

tary fe edi.ng mo del as defined in this .s tudy . Supplemen tary feed c rop 
a reas are clo s ed fror.1 grazing for no longe r than t.h.e maximu.o spell that 
is allowed be twe en grazin.:;s ; ( s e e  Table 5 .  10 ) .  As a result1 the 

highes t yield o f  sup1Jle<:1enta ry feed harves ted is 2450 Kg D . ;1 . /ha, ( approx-
imately equivalen t  to 120 bal es o f  hay/hec ta re ) . From the pas ture D . i1 .  

p ro duc tion data on \vhich the model is bas ed ho\veve r ,  i t  would be po s si b l e  

to define supple::1entary f e e d  making activi ties that allo\.r pas ture to b e 

spelled fo r  longer periods befo re harve s b_ng. 

Hence the supplementary feeding model could be used to conduc t  

us eful research; i n  particular on the 11 cos t11  (in physical o r  financial 

ter.ns ) o f  us ing supplementary feed fo r beef pro duc tion. As discu s s ed 

i n  Section 5 .  b, the me tho ds o f  conduc ting such analyses are clear; 

the usefulnes s  of the res ults depends on how well the model repres ents 

reality . 
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The be(';f pro d'l.c t1.on sys tem s tuGi ed has been outlined; ( type o f  
animal , le11gth of production pro c e s s , and c arcass wci1;ht ac hi eved ) .  

An i te rative pro c e dure by Hhic h  s tockir1.g rate for four production p ro­

c e s s e s  may be maximis ed is dis cus s ed, a11d the condi ti on s  which prevent 

furthe r inc re a.c; es in s to cJcinl£ rate are exam:5_ned . 

The to ta l  sys tem fe ed requi rer.1ents and the erazi nt; manage:.1cnt 
plans a s sociated \..rith t he maximum swcking rates fo r each systel!l are 

pre s en ted. The problem o f  relating thes e  plans to on-fa:::.n prac: t.ic es 

i s  rccoglrised;  < Hld t..l'l.G us e fulnes s  of th is model fo r grazing man.age-
ment res earch is briefly dis cus sed. 

A metho d o f  considering supplementary fe eding i s  outlined. 
Inc luding supplemen t.ary feeding po s s ibili ties \·li thin the mc d.cl allO \IS 

the s to cking ra te fo r th e s ho rtes t produc; i,ion pro c e s s  ( BEEF 1 )  ·t-o 
increas e .  No considera ti o n  is taken of the financial asp e c ts o f  hay 
or si lage makinG , alt.l1ou�;h they co uld re<l.dily be inco rporated in the 

mo del. So me furthe r po ssible us es o f  the supple:ncn tary fe eding ma trb: 
are di scus sed. 
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. C  H A  P T � R S I X 

\·fni le discus sine verification and vali dation in rela tion to systems 

models , Hright ( 197 1 )  no ted tha t sor:te confusion exi s ts in the li terature 
as to the defi n i tion o f  these te rm s .  In o rder that the mo del p re s ented 

may be examin('cl in relation to t..11.e goals of the s tudy , the terms ve ri­

fication and validation are used in th e follo\Jin g contexts : 

Ve ri fi£.9-J-.i on. - is conce rned Hi th as s e s s1.u g the des c riptive 

nature of the mod el in relation to the real- li fe si tuution .  
I 

Thus i t  may involve comparing coctponents o f  the mo df�l , 
(componen.t analysi s ) ( 1 )  and o utpu t  from the model (output 
anal;sis ) ( 1 )  vJi th data avai la ble from real- li fe sys tr�;;_;s 

( experimen ts ) . 

ValidDLti o n  - i s  conc erned wi th asses sing Uw capabi li ty 
o f  the rno ciel fo r a nalysin6 mana gement problem s . Validati o n �  

therefore , is parti cularly conc e rned wi th the matte r- o f  

output arialy sis tha t eH,bo di e s  func tions of control and 
design 

(2 ) 
in the context of the parti cular model cho s en 

to de s c ribe the sys tem . The emphasi s in vali dation is 

on mo del charac teri s ti c s  and the comparison o f  di fferent 

types of models e . g . L. P .  v ' s simulation fo r solving 

farm management pro blems . 

Hence, a model may be consid ered verified when , in view of current 

knowledge , i t  appears to repres ent the real- life si tuatio n .  A model 

may be consid ered valid in that it i s  capable of analysing management 

problems . \.JhAre a mo d el is bo th verified and -Ya.hdated (in the contexts 

di..scus sed above ) it may be used fo r solving prac tical farm management 

problems. Ho1•ever, where lack o f  quanti tative research data prevents 

verification of a mode l 1  further examination of the problem s o lving 

( 1 )  Componen t a...'1a1ysi s  a.:.d output analysis are di scus sed as two aspec ts 
o f  Sys tems Analysis in Sec ti on 1 .  2. 1 .  

(2 ) Control and design are the two aspec ts o f  Sys tems Synthesis discus s ed 

in Sec tion 1 . 2 . 1 .  
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capabili ty o f  tha t model may be justifiable s tudy fo r a farm manage­

ment analyst. · 

This c hapter di s cus ses verification o f  the mo del p resented in 

this s tudy. The va Jidity of the model fo r so lving a particular farm 
management problem (the s to ckine- rate decision ) is di scus s e d ,  and the 
capabili ty o f the model fo r solvi ng o ther farm management problems i.s 
as ses sed. Final ly the s tudy i s  evalua ted in relation to the go als 

presented in Sec t.ion 1 • .3 .  

The mo del , a s  p res ented, may b e  consi d e red as  ha:ving three 

di s tinc t sec tions : a de s cription o f  pastu re D . M .  pro duc tion (wl:Li.eh 

i s  made available fo r feeding ei ther in si tu , o r  as supplementary D . i·I . ) ;  
a descri ptioa o f  the amount of animal pro due tion resulting frcm r.. grole.D 
D . l1 .  intake;  and the interfac e b e tween these two co r.1ponentc: where 
as sumptions are ma.de on the WJlotmt of D . l1 .  animals wil1 eat> given 

some level of fe ed a·Jai lability . A sho rtage o f  data that may be use<l 

to verify each of thu s e  three s e c tions s eparately, or output fro;n the 
mo del as a \-:ho l e ,  vms rec ogni s e d  at an earJ y s ta�e j_n thi s s tudy. 

The p a s ture pro duc tion and animal p ro duc tion relationsh..ips used, 

have b e en di s cus s ed in relation to the info rmation a vai lable ( Chap ters 

.3 and 4 re spec ti vely ) .  Given b e tter info n na tio:>J. en thes e  two s ec tions , 

i t  could be inc luded in the mo del. S truc tural changes that may b e  

required are di s c uc s ed below , i n  Sec tions 6. 2 .  1 .  and 6 . 2 . 2 . 

Assumptions on the relationships that o ccur at the pasture-

animal interfac e have been presen ted in Section 4 . .3 . Given quantitative 

data on thes e  relationships the degre e of reali ty achi eved by the mo del 

may be verifi ed. This point is examined further in Sec tion 6. 2 • .3.  

6. 2 . 1 Pas ture Produc tio� 

Pas ture regrov1th over time has been defined fo r an average year 

in the Palme rs ton No rth region. Differences that are likely to o ccur 
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in regr<)\-Jth due to the s everi ty of grazing (2 levels ) were defined 

using information from a simulation s tudy (vlright 197.3b). The s everi ty 

o f  grazing h.J.c no t been tj.u<.'...O.tified itl terms Kg D . H . /ha that remain after 

gr�zing. If pas ture produc tion data fo r a range o f  spelJing lengths 

e.nd grnzing ::; eve ri ti es Here made avai lGble from a real- li fe experiment 

they could bo inc luded in an enlart.;ed pas ture pro duc tion mo del. 

The fe eding s tandards used in the mo del ( Table 4. 1 )  are conside red 

to be a reasoHable repres enta tion of the New Z ealand s i tuation .  

and 

Adjus tmeats in fe ed reqni remeat a re made on the as sumption tha t :  

1 .  feed qua.Jity (l1 . E ./Kg D . H. ) in any one period 

is the ::>ame regardle s s  of t.be len g th o f  spelJ 

be t�o;cen g razing , w1d the height to \.Jhich pas t:..tre 

i s  graz .::d ; 

2 .  the utili sation o f  available ene rgy (:1 .L ) by 

animals i s  the sc:u.ne regardless of pas ture 

qu.ali ty; ( fo r the range o f  pas ture quali ti e s  

pre s ented i n  Te1ble 4 . 4 ) . 

Should the fi rs t as s wnption limi t the mo del from repres enting 

reali ty ,  it would be nec es sary to expres s feed supply and henc e animal 

requi remen ts in te rms of avai lable ene rgy (H .E .  ) . In this \.Jay ;-I . E .  
produc tion from pas ture \"Ould vary \·ri th length o f  spell and severi ty 

o f  grazing rather than direc tly wi th D . M .  production . 

Sho uld the s econd assump tion limit the mo del from repres enting 

real i ty ,  then bo th feed supply and animal requirements would need to 
be exp ressed in terms o f  produc tive energy (N . E . ) .  

Since animal requi rements in this s tudy have been bas ed on N . E .  
requi rement.., for liveweight gain ( ;LE .  g )  and for maint.er..a.nc e  ( rJ . E .m ) ,  
(NRC , 1 970 ) ,  use o f  pro duc tive en8rgy ucits fo r animal requi rements 

v;ould no t be difficult. Given that the second as sum}) tion is no t 
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violated and tha t  (Sco tt, 1 973 ) : 

N . E .  N . E .  
H . E .  = --� g + __ _  _m 

o. 37 00 6 1  

a.."limal requi rements eould b e  expre s s ed i n  available energy uni ts .  

Hovwver, t.J-w real problem in using ei the r o f  the abo ve appro ache s 

\vould be specification o f  feed s upply in ene rgy terms fo r the range 

of spelJing date s and gra zing heights requi red . 

6. 2 .  J The In ta.ice Of Grazing Anima ls 

Two as sump tions are made ; one regarding tl1e maximum intake 

tha t animals znay achieve , an.d a second rela ting to the height to which 

ani mals can graz e to meet daiJ,y requi rements . 

In this mo de l maximuJn intak e i s  cons trained by animal age ,  

( Table 4. 5 ) . I f  quanti tatiye data w8re avai lable o n  th8 rela tionshi p  

between L .  'rJ .  pas tu re quali ty , and maximum i n  take/he ad/ day , the animal 

requi rements model coulci be res truc tun� d so tha t  the relationship 
betH e en the s e  vari ables i s  inc luded. The exp erimental p ro c e dure u s ed 

to zaaximi s e  s to cking rate VJould then no t be as simple as the one o ut,... 

lined in thi s s tudy . The adjus tm ents in intak e ,  made afte r 1 1 tight11 

and 11 s lack 1 1  feed p erio ds are identi fi e d  by an initial run of the mo del, 

would ne ed to be considered wi th regard to the level o f  L . �J . G . tha t 

had been achieved in previous p eri o ds , sinc e now intake at llilY time 

would be related to L . W .  and henc e L. �·I . G .  in previous periods .  

As di scus s ed in Sec tion 4. 3 , animal requirements are specifi ed 

on a per head basis fo r each pe rio d  of the year so tha t a given pattern 

o f  liveweight gain wi ll be achi eved. The mo del then de termines the 

area o f  pas tu re and height ( severi ty )  o f  grazing in each peri o d  so 

that s to cking rate is maximis ed. Once the model has detennined the 

number of animals to be run, feed requi rements in any period are met by 

either gra�ing HIGH o r  IDW . The assumption has been made that D . H .  

requi rement specifi ed fo r period t ,  (y t) '  can be consum�d unde r  s evere 

grazing . The level of p.s ture D . H .  avQ.ilable per head unde r severe 
C' (LCH )  grazing (x�) i s  less than the level available U!1der lax (HIGH) 
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L grazing (x.J fo r a given number of animals . 
v 

Section 4. 3 ,  whenever D . H .  requi rement is 
would. expec t intal<;:e under lax grazing (y�) 
overc ome this pro blem the prD.c ti.c e  of on -

Henc e ,  as discus sed in 
les s than ad libi tum we 

to CY.c ecd y t• 
In o rd e r  to 

o ff grazing is ass1.J .. :ned. 
While faruers d.o no t gen erally prac ti s e  on - off grazing the appro ach 

i s  being us ed by Brougham on a beef p ro duc tion farrnlet experiment at 

D . S . I . R .  Gras s lands Di·ri s ion 1 Ao ran gi nosearc;h St·1 tion in the i1anaHatu .  ( l )  

Mo re precise quanti ta tive infonuation abo u t.  the relatior ... ship 

betw.:::;: en avai lable D . £1 . /hea.d and in tak e/head under ro ta tional grazing 

is required befo re the a s s urr.:ptions us ed in the model c&n be verified. 
Similarly, lack of quan ti tative da ta on the intake of supplcm eatar<J 

fe ed in relation to to tal intake pre vented a reali s ti c  (verified) con­

siderati on o f  sup1 ·lementary feeding fl'Om being inc ::..uded in the model. 

As s ta ted previo usly ,  i t  \..ras recog:u. s ed a t,  at"1 early s t"tge in thi s 
s tudy that sufficien t  qt:.an ti tative research dat:-t Has no t c..vaila.ble to 
verif.)' the ::i(; s c riptive ftmc tio n  o f  t:w mo del . 

that I.Jas avai lable \�as i.:1cludcd i!:l t!'lc :node l, a.::1d a s tt.lciy o f  t':1e c apa­

bili ty of the model fo r so l-ving farm manaeement 9 roble1ns was rccogrli .c;ud. 
a s  a justi fiable res earch p ro j e c t .  

I n  partic ular, the s toc k.i.:1g- r..:.. te decis io :1. 1 1as i!:lves tiga ted. An 
i terative pro cedure, already di scussed, was us ed 'to maximise s tocking-
rate fo r four BE& production p ro c e s s e s . The grazing manage,nent p lans 

from the mo de l , that result in the achi eved leve l o f  pe rfo nnanc e ,  defined 
by each proc e s s ,  c anno t readily be inte rp re ted as grazing plans fo r t:nc 
prac tical farm situation ( di scus sed in Sec tion 5 . 5 ) This fHc t is no t 
a se rious limi ta. tion of the 1nodel fo r investigating the s to cking- rate 

deci sion sinc e :  

1 .  a me thod fo r deriving prac tical plans ha a been 

devised ,  ( se e  Sec �ion 5 . 5 ) ;  

( 1 )  This expe riment which i s  s till in progres s ,  i s  examinin� contro l le d  
v ' s uncontro lled grazing o f  summer pas tu.re . 
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2 .  t.he· maximum s tockine rate co rresponding to 
·::;imple grazin£! managemen t plans , ac c eptable 

in the prac tic al farm manage1ntm t  si b.ation, 

c an be deri v�d by the mo del .  The 1 1cos t" of 

any s impliTi c a. tio n can then be calculated by 
compa rison o f  s to cking rates wi t:n the optimum 

but complex plae1. 

Furthermo r e , animal3 \vi thin each produc tio n p ro c e s s  are a.ssll!lled 
to groH at the same rat.D , and henc e to achi eve s laughte r  w8it;ht at the 
same time . In the prac ti cal farm si tua ti. o n , animals eyJubi t different 

ra tcs o f  L .  w .  G .  when grazed together and the p ro duc tion pro c e s s  \..rill 
vary be tweet1 animals . The ajJproach used in the m.ociel repn; sent.s an , 11 av'3 rage1 1  si tuation. Fo r example , in the p ro c e s s  BEC:F 2 ,  b . 72 animals/ 

ha are graz . .:;d o n  ave rage fo r 36 periods . In the p rac ti c <t l  situation 
sorne of these ani!ilals will no t reach s laut;ht0r iJeight unti l  a f tr; :>:>  period 

361 and some \.:ill reach s laugh ter \-1cd.5ht befo re p e riod 36 . An attempt 
to as s e s s  the change ia maxi:nwn s wcki:1g- ra te ,  tha t r.1i�ht occur ;;here 
a proportio n of the 6.  72 animals/ha are sold before period 36 arid a p·o�· 
po rt.ion aftc !' period 36, Hould requ.ire itlfo rJJat i.on on : 

and 

1 .  t:.i'J.e reaso ns for differenc e s  i.'l L . 1·J . G .  l.>e t·.Jeetl 

animals ( e . g .  an in take effec t, o r  a f e ed 

co nve rs ion e f fec t ) 

2 .  ��e extent o f  diffe renc es in average L . W . G .  

that is likely to oc c ur in any one herd of 

cattle grazed together. 

Howeve r ,  it is no t clear how thi s information could be i."'lco riJO ra ted 
into the L . P .  mo del in o rder to pe rfo rm the desired analysis . In thi s 

si�Qation i t  would be possible to compare the results f rom s imula tion 

models , that can easily i.'lco rpo rate this info rmation ( Hright ,  1975 ) , 
wi th  results from L.P.  mo dels that are bas ed on ia.fo rma.tion for the 
average situa tion. 

The use o f  suppleraent::try feed was als o analysed using the L. P. 

model. The maximum s to c king rates wi th an without supplementary feeds 

provided a measure of the o ppo rtuni ty co s t  o f  no t making hay o r  silage 
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O ther farrn management problem s that may have b�en ana lysed 

usine the mo d el have b e en di scus sed in Chapte r 5. In all c a s es the 

· op tLnising ro utine i�1hercnt in the L. P .  mo del is seen as an advanta.ge 
over modelli n(S teclwiques ( simula tion ) t!m t do no t inc lude such a 

routine , altho t�gh the i..'l.abi li ty o .f  L . P . to ho.ndle s to c hastic variables 

is recognis e d as a limi b tion tJJ the appro aclL. 
limi btion i s  no t clear sinc e :  

Th e  extent o f  this 

and 

1 .  simulation s tudi es rarely include s to chas tic 

vu. ri able s ;  

2.  the approach most commo nJy used in such s tudi e s  

invo lves running the rno del unde r given (hiswrical ) 
C011cii tions , and a s e t  o f  decisio n rules . 1�odel 

o·u.tput is tho�1. comp:1red v.ri th that frorJ a re- run o f  
the model w1.de r c hanged co:1.di tioas . Decision rules 
may be chan.:;cd ux1.til a s e t  t::W. t is t."lou�ht tJJ be 
ne.J.r opti·nal is obtained. Such an app ro ach ca11 

be c a rr·ied out wi thin a L. P .  fnv<W\Jo rk , bu t the 

optimisi:1g rou ti ne is a u  advant::>.ge sinc e  the decisions 
made by the mo del arc o ptirrnl fo :c the given condi tions . 

Thi s di scus sion has attempted tJJ highli ght some of the diffi culti e s  

associated H i  t..h. the use o f  L . P .  models for· solvi..J.e grazing man.age;nent 

p roblems . The s e  di ffic ulti es fall into two catego ries : 

and 

1 .  thos e  associated wi t..h. model veri fication ,  

2 . t.h.o s e  associated wi th the us e o f  L . P .  as a 

w o l  fo r far.n management anaJ..ysis . 

The magni tude o f  diffic ulti es in the firs t catego ry  canno t  be 
quantified until compa ri sons of mo del output are made ,.,d. th real- life 

management sy:;; tems . The relati v e  value of L . ? .  models for farru manage-

ment analys i s  c an only be uta de by comparisons •:i th al tern.a t.i ve a!1alytical 

techniques . Ho w ever, the us e o f  L. P .  would appear to have sorne potential 

advantage in tha t the optimising routine inherent in this techflique pro-

vides an estimate of opti:nal system perfo rmanc e .  As a cons equenc e ,  
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s ub-optimal plans c an be de rived and the co s t of sub-optimal decisions 

calculated. 

The prime obj ective of the s tudy (Sec tion 1 . 3 )  was to inves tigate 

the components of a beef produc tio n  syste:r� o The deci s io r1 to us e a 
mathematical mo del to ac hi eve this obj ec tive was based on the lack o f  

quanti ta. ti. ve. da t:t avai lable fro m  thG prac tical far:n s i tua tion. A 
secoc1dary obj ec tive v:as to as s e s s  the sui t::J.bi l.i t.r o f  L . P . as a tech­
ni que fo r de s c ribi:1e the sys tem o f  inte r e s t ,  and fo r solving fa r.u ma.YJ.age­

ment p ro ble;n s asso cj_a ted wi th that sys tem .  

The L .  P .  f rame•ro rk has ber;)n shO\m to b e  sui tB.ble fo r u s e  i n  a 
desc ri phve s ens e 1 at leas t fo r the i.'lfo rma tion tha t  is currently 

avai lable on beef p nJ duc tion .  Futu re re3 earch results o n  pas ture 
pro duc U.on aad animal produc tion requ.ireG<et1ts could be i..·1eo rpo ri.1.ted in 
the mo del. lio\veve r, future res ea rcll resu.lts relati[lg to ani:nn.l i11t:.ll�8 
under grazL'lg manage:nent cor1di tions may- prove difficult to inc o �o n. t.e 
in· a L . P .  frarJ.ewo rk .  

The amount o f  pro blew. aaalysis c arri e d  o u t  wi th the model has 
been limi ted . As in the study of Po ll:i. rd ( 1972 ) ,  a. conr;ide rablf! amoun t 
o f  the l:L:ni ted tim e available fo r this s tLldy has been spen t on 'ls s emblint 
available info r.nation and inco rpo rating this in. the model. ( 1 )  

1Vhile one c an compare the charac teri s t:i.cs o f  different mo dels , 
an as ses sment o f  thei r comparative un efuL�es s fo r s o lvine fana m��age­

ment problems mus t depend on our abili ty to es timate the real co s t of 

simplification o f  the real-world s i tuation tha t is inhe rent in the s e  

models . Fo r this reaso11, all available infor;nation po s sible should be 

included in ��e model cons truc ted. Further development o f  problem-

solving techniques that utilise the component ana lysis already c arried 

( 1 )  Pollard ( 1972 ) also cite e.  the limited computia.g fac ili ti es available 
as a cons traint on the amow1t of problem arw.lxsis he could carry out. 
The availabi li ty o f  larger computers (e. g. the Nas s ey Universi ty BG700 
computer ) and advanc e d  computer software (e .  c. the Ha thema t.i cal P ro­
gramming Sys tem, T&"1PO ) have lead to large reduc tions in computing 
time . Each run of the model described in this study took from 3-7 
minutes .  Furt.�ermore the si ze of mo dels tha t  can noH be handled 
i s  virtually unlimited. 
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out fo r this · and si:nilar s tudies ( e .  g. Po llard 1972 ) would appear to 
be an efficient us e of farm maaagement research resourc es in the future . 

The ultima te us e of sys tems models mus t be in the so lving of 

· management pro bls.as at the p rac t:i.c al far!ll level , and henc e in the 

evolution of impro ved 111a.nagenent sys tems . Button ( 1 97Jb ) .  nas s tated 

that farrule !;,.. type expe rimentation ,  in conj unc tion Hi th cor:1ponent analysis 

(in the sense o f  ph,ysical expe riJlents ) may be a mo re satisfa c t0 ry appro ach 

than rno delling, to derive i:.'1proved management systems . Befo re the 

solutio11 to the o rit,rinal problems i s  ob tained from the far:nlet experimen t ,  

in:'o rma tion fron the experi.:ncn t may le:1d to a redefini tion o f  th e  prob le;n 

to be solved and. a cons equent redi rec tio n  of research . This evo lutioa-

ary p ro c es s is o 11ly po s si bln irJ  the context of reetl- life produc tion sys tems . 

The co tiiplemen tary use o f  sys tems mo delli..Yl& and physical res earch 

( far:ule t- typ e and compo.r.�.ent analysis ) appc :1.rs to offer a coc:lprocJ i s e  that 

may be more effi c:i Pnt in the us e o f  res earch re �(ourc c s  than e i the r 

appro.lCh used in i s o la tio n .  l� right ( 1 975 ) is currently involved in 

such a st�tc1y at R..takura J,g ricultural Res earch Centre. Conc eptll<:tl ly 

it i s  di ffic ult to define a method by \drich the compl�r:1entary invo lve­

ment o f  mo del CJld physica.l res ea rc l1 could be s r.o 1-•n to be a ru0 1�e (o r  les s)  
effic:i ent use o f  research resou rc es thaa eithe r approach used in iso-

lation . The nature of the research pro c e s s  and th.; scarci ty o f  researcl-1 

resourc es would no t allO\v mo re than one approach t0 be run in pu.raJ.lel. 

Although L . P .  mo dels way no t be en tirely sui table fo r tl H� purpo s 8  
o f  p roviding prac tical solutions to graziag management problems , the 

optimi si:111 routi ne inherent in a L .  P .  model may prov-ide useful b ench-

mark plru1s . The s e  plans could provide a us eful refe renc e point fo r 

more p rac tical plans derived from simulation s tud:i. es o r  small-fal"::\1 

expe riments . 
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APPEND I X  ONE 
ttte•� 

Tl iE J-).\.STUl\E J RODUCT I ON }.iODEL 

Th e  p a s t u r e  p r oduc t i on ma t r i x  i s  r e p re s e n t e d  i n  T a b l e  -
A l . l . Ac t i v i t i e s ( c o l umn s ) r e p r e s e n t  p a s t u r e g ra z e d  a t  d i f f -
e r e n t  t i me s o f  t he y e a r ( p e r i od s ) .  C o n s t ra i n t s ( r o ws ) e n s u r e  

t Ld a l l l<iud i n  a n y  p e r i od i s  e i t h e r  g J.·a z e d  o r s p e l l e d ( r o ws 

1 t o  60 ) ,  a c c o u n t  f o r  t o t a l  p a s t u r e  p r o d u c t i on i n  e a c h  p e r i od 

( rows  6 1  t o  9 0 ) ,  l i m i t t he a r e a o f  l a nd ( r ow 9 1 ) and r e c o rd 

t o t .;;d a nn u a l pa s t u re  m.1 ma d e  a va i l ab l e f o r  graz i ng ( ro w 9 2 ) .  

A l . l  ,\.c t i v i t i c s 

G ra z i ng a c t i v i t i e s we r e  n a me d  s o  t ha t t he ou t pu t  f r om 
e a c h  run o f  t he mod e l  c o u l d b e  e a s i l y  �n� l y s c d .  The f o l l o w i ng 

f o r m a t wa s u s e d : 

AA , bb , c ( c g GH0 1 2 )  

AA : e i t h e r GH , GL , I lL , LH 

GII r e fe rs t o  g ra z e d  H I GH a f t e r s p e l l i ne f r orn 
t he JI I GH l e v e l . 
GL r e f e r s t o  g ra z e d  LO I a f t e r  s p e l l i ng f r om 
t he LO·:r l e ve l . 

I-lL r e f e r s t o  g ra z e d  LO .i a f t  c r s p e 1 1  i ng f r om 

t h e H I G I I  leve l . 

LH r e f e r s t o  g r a z e d  H I GH a i t e r  s pe l l i ng f rom 

t he LOi'{ 1 eve l .  

bb : 0 1  t o  3 0 , re f e r s  t o  t he g ra z i ng pe r i o d f rom 

wh i c h t he pasture wa s s p e l l e d . 
c 2 t o  1 0 , r e f ers t o  l e ng t h o f s p e l l ( we eks ) 

b e t we e n  g ra z i ng s . 

A t o t a l o f 3 0 0  pa s t u r e  g ra z i ng a c t i v i t i e s a r e  i n c l ud e d  
i n  t he mod e l ,  7 5  f o r  e a ch o f  t he GH , GL , I lL  a nd L H  p o s s i b i l i t i e s .  

Thus , f o r  e xamp l e ·, a c t i v i t y GH0 12 p r ov i d e s  p a s t u r e  f e r  g r a z i ng 

a t  t he HI GH l e ve l i n  p e r i od 3 ( b b + c )  a f t e r  t h i s  s ame p a s t ur e  

ha s b e e n  g ra z e d  a t  t he HI GH l eve l i n  p e r i od 1 ( bb ) . S i m i l a r l y ,  
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a c t i v i t y  LH3 0 5  p r ov i d e s  p a s t ur e  f o r  g ra z i ng a t  t h e H I GH 

l eve l i n  p e� i o d 5 ( l ) a f t e r  th i s s ame p a s tu r e  ha s b e e n g ra z e d  

a t t h e  LO J 1 e v e  1 i n  p e r i o d 3 0 • 

A l . 2 Co n s t r <1 i n t s  

A l . 2 ,  1 Ar e a  Cons t ra i n t s  ( rows 1 - 6 0 ) 

Rows 1 - 3 0  c o n s t r a i n  t h e a rea s p e l l e d f r om t h e  H I GH 

d e f o l i a t i on l e ve l i n  a n y  p e r i o d  t o  e qu:1. l t l1 e  a r e a.  � ra z e d  II I GT I  

i n t ha t  p e r i od .  The t yp e  o f  cons t r..t i n t i s  :1 n  e qua l j t y s i n c e 

a l l p a s t u r e  g ra z e d  I-I I GII mu s t  b e  s pe l l e d f r om t h e In G B de f o l i � 

a t i o n l e v e l . Dy d e f i n i t i on ,  GH and I IL  g ra z i ng a c t i v i t i e s 

r e qu i :;:-c p :1 s t u r c  t o  b e  g ra z e d  a t  t h e HI GH l e v e l  i n  t h e p e r i od 
f r om -,vh i c h  s p e l l i n g i s  c omme n c e d . S i nc e  t h e un i t o f  ea c h  

g r<1 z i ng a c t i v i t y i s  o n e  ha . ,  t h e s e  .::t c t i v i t i e s  h ii v e  a + 1  co ­

e f f i c i e n t  i n  t l l c  r o w  c o r r e s pond i n::; t o  t he p e r i o d f r om wh i ch 

pa s t u r e  i s  s p e l l e d .  T h e  ACi ili b  r ow r e f e r s t o  t he c o n 1J t ra i n t 
£ o r  t he a r e a  g ra z e d  ll i  GB , a n d  h e n c e  s p e  1 1  c d  f r om t h e H I GH 
d c f o l i a t j o n l � v e l , i n  p e r i c d  bb , By d e f i n i t i o n ,  GH �'_ n d  LH 
g ra z i nG a c t i v i t i e s d e f o l i a t e  p � s t u r e  a t  t h e H I GII l e v e l , he n. c e  
t he s e  � c t i v i t i e s e na b l e  p a s t u r e t o  b e  s p e l l ed f r om t h e H I G I J  
l e v e l ;l t'ld have  a - 1  c o e f f i c i e 11 t  i n  the :\Ci l ( bb + c )  r o \v .  Fo r 

e xa mp l e ,  on e un i t  o f  a c t i v i t y  LH3 0 3  s upp l i e s  on e h ct .  ( -1 )  

o f  p a s t u re i n  p e r i od 3 ( 3 0 + 3 = 0 3 ) t ha t  i s  t hen s p e l l e d 

f ro 1 n  t h i s p e r i od .  

R o w s  3 1  - 6 0 , .\.CLbb , c o n s t r a i n t h e a r e a  s p e l l e d f rom 

t h e  LOW d e f o l i a t i on l e ve l i n  p e r i od bb t o  e qu a l the a r e a  

g ra z e d  LO ; {  i n  p e r i od b b . GLbbc a nd LI-fo b c  g ra z i ng a c t i v i t i e s 

r e qu i r e  p a s t u r e  t o  b e  g ra z e d  a t  t h e LO� l e v e l i n  p e r i o d  bb , 

h e n c e  + 1  i n  t he .-\CLbb r ov.' . GLbb c  and HLbb c g ra z i n g ac t i v i t i e s  

d e f o l i a t e  p a s t ur e  a t  t h e L00 l e ve l in p e r i o d ( b b + c ) , he n c e  

- 1  i n  t h e ACL ( b b + c )  ro w . 

( 1 )  I n t h i "s examp l e , bb + c = 3 5 ,  bu t t h e ye a r ha s b e en 
d i v i d e d  i n t o 3 0  p e r i od s  s o  t hat pe r i o d 3 5 ,  b e c ome s 
p e r i od 5 .  
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A1 . 2 � 2 Feed Re c on c i l i a t i on Rows 

T h e  FSSD ( b b  + c ) r o w s o f  Tab l e  Al . l  c on s t ra i n f e e d  

s up p l i e d i n  p e r i o d ( bb + c )  to  b e  a t  l e a s t s u f f i c i e n t  t o  

me e t  f e e d d e 1,1a 1 1d f o r  l i v e s t o c k  p r o d u c t i o n i n  t h a t  p e r i o d .  

Fe e d  s upp l y  > Fe e d  d em� tnd b y  l i v e s t o c k . 

0 � - Fe ed s upp l y  + Fe e d  d e ma n d  b y  l i v e s t o c k . 

Pa s t u r e DM ma d e  a va i l a b l e  b y  one un i t  ( ha . ) o f  e a c h 

g ra z i ng a c t i v i t y  i s  t h e r e f o r e  r e p r e s e n t e d b y  a n e g a t i v e  

quan t i t y i n  t h e  a p p r op r i a t e  F2SD r o w . Fo r e xa.mp l c ,  f r om 
Tab l e  3 . 2 .  p a s t u r e  DU a va i l a b J e f r om a I-I T CH g r a z i ng a f t e r  
t wo we e k s  s p e l l f r om a p r e v i ou s  HI GH g r .:1 z i n ;s i n  p e r i o d 1 

( N o v emb e r ) , i s  7 5 0 Kg . / ha . Thus . o n e  un i t  o f  g r a z i ng a c t i ­

v i t y  GI-10 1 2  s upp l i e s ( n e g a t i v e c o e f f i c i e H t ) 7 5 0 Kg . p G>.. s t u r e  

Dld t o  t he .L � !�D03 ro·.v . S i n c e  g r.J. :o·. i. n g LO"J a f t e r  a p r e v 1 o u s  

I I I Gli g r a z i ng s upp l i e s an a d d i t i o n a. l 1 0 0  K g . mi / l1 a  . •  o n e  un i t 
o f  g ra z i ng <>.. c t j v i t y HL0 1 2  s upp l i e s 1 1 50 Ke . pa s t u r e  DM t o  
t he F:::: :;_:Do 3 r o w . 

A 1 . 2 . 3  To t a l A r e a  C o n s t r a i n t s 

Ro ws 1 - 3 0  a n d  3 1  - 6 0  e n s u r e t ha t  t he a r e a s  o f  pa s t u re 
g ra z e d  H I GH and LO . .  ' r e s p e c t i v e l y  i n  e a c h p e r i o d o f  t h e y e a r 

e qua l t ht! a re :::. s o f  pa s t u r e  s p e l l e d f rom t h e HIGH a n d  LO".'f 

g r a z i ng he i g h t s i n  e a c h  p e r i o d o f  t h e y e a r .  

To c on s t ra i n  t he a r e a  o f  p a s t u re und e r  cons i de ra t i on 

a nd t o  e n s u r e  t h a t  a l l p a s t u r e  i s  a c c o unt e d f o r  i n  e a ch 
p e r i o d o f  t h e y e a r  a s  b e i ng e i t h e r  g ra z e d  o r  s p e l l e d ,  3 0  

TOTAC ( t o t a l  a r e a ) c on s t ra i n t s  c an b e  d e f i n e d ; one f o r  e a c h  

p e r i od .  S i n c e  t h e a r e a  g ra z e d  i n  e a c h  p e r i od e qua l s  t h e 

a re a.  s p e l l e d f r om t ha t  p e r i od ( ro w s  1 - 6 0 ) t he TOTAC c o n ­

s t ra i n t f o r  p e r i o d 1 ma y t ake t h e f o rm o f  e i t he r : 

o r , 

TOTAL AREA ( PER I OD 1 ) = Al E_A_ GRAZED ( PF...R I OD 1 ) + 
AREA BEI NG SPELLED ( PEfU OD 1 )  

TOT.\L .\REA = A.S.EA SPELLED ffi0}..·! 1-'E.�. I OD 1 + A.H CA 
SPELL2D I N  PER I OD 1 
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The TOTAC c o n s t ra i n t ( r o w  9 1  1 n  Tabl e A l . l ) f o r  

p e r i o d 1 t a k e s t h e l a t ter f o rm .  He n c e , a c t i v i t y GH0 1 2  ha s 

a + 1  c o e f f i c i e n t  i n  t h e TOTAC r o \'/ ,  s i n c e t ha t  a c t i v i t y  r e p ­

r � s e n t s  1 he c t a r e  o f  p a s t u r e  s p e l l e d f r om p e r i o d 1 .  S i m i l a r l y ,  

a c t i v i t y  GH0 1 3  ha s a + 1  i n  t h e TOT;�C r o w . 1\. c t i v i t y  GH3 0 3  

ha s a + 1  c o e f f i c i e n t  1 n  t he TOT1\.C r o w  b e c a u s e  i t  r e p r e s e n t s  

1 he c t a r e o f l a n d  b e i ng s p e l l e d f r o m  p e r i o d  3 0 , t h r o ug h 

p e r i o d 1 ,  u n t i l p e r i o d 3 ;  l i k e w i s e  a c t i v i t y  GII3 0 5  ha s a + l  
i n  t h e TOT.\.C r o \·1 . 

Po l l a rd ( 1 9 7 2 ) ha s d e mons t ra t e d t ha t  wh e re a l l the 

a r c ,l. c on s t r a i n t s ( r o w s  1 - 6 0 ) a r e p r e s e n t  i n  s u c h  a m o d e l ,  

o n l y  1 TO'L\C r O \v n e e d  b e  i n c l ud e d ; t h e r ema i n d e r  ( 2 9 i n  t h i s 

c a s � ) . .  ;L r e  i n f e r r e d . 



T..:\.BLS A l , 1 THE PASTURE l RODUCT I ON MODEL 

� P l  P2 P4 P 7 4  
GH0 1 2 GH0 1 3 - - - - -GH0 2 3 - - - - -GH3 0 3  

1 ACHO l 0 = 1 1 

2 ACH0 2 0 = 1 

3 ACH0 3 0 = - 1  - 1  

4 ACH0 4 0 = - 1  

5 ACI !O 5 0 = - 1  

I 
I 

3 0  ACH3 0 0 = 1 

3 1 ACL0 1 0 

3 2  ACL0 2  0 = 

3 3  ACL0 3 0 :: 
3 4  ACL0 4 0 = 

3 5  ACL0 5 0 = 
I 
I 

60 .1.CL 3 0  0 = 

6 1  F�ED0 1 0 � 
62 FEED0 2 0 � 
6 3  FEED0 3 0 � - 7 5 0 - 1 4 0 0  

64 FEJ,:00 4 0 ,?_ - 1 4 0 0  

6 5  FEED0 5 0 � - 1 7 40 

I 
I 

9 0  FEED 3 0  0 � 
9 1 TOTAC 1 1 1 

. 
1 = 

9 2  DMPRO f re e  7 50 1 4 0 0 - - - - - - 1 7 4 0 - - - - - - 1 4 0 0  

P7 5 P7 6 
GH3 0 5  GL0 1 2  

- 1 

1 

1 

- 1  

- 5 2 0  

-2 8 1 5  

1 1 

2 8 1 5  5 2 0  

. 

P7 7 P7 ') P 1 4 9 P l 50 P 1 5 1  P l 5 2 P 1 54 P2 2 4  P2 2 5  P2 2 6  P2 2 7  P2 2 9  P2 9 9  P30 0 
GL0 1 3 - - - - -GL02 3 - - - - -GL30 3 GL3 0 5 HL0 1 ?.  I-IL0 1 3 - - - - - !-IL0 2 3 - - - - - HL30 3 f-IL30 5 LH0 1 2  LH0 1 3 - - - - -LH0 2 3 - - - - -LH3 0 3  LH3 0 5 

1 1 

1 

- 1  - 1 

- 1 

- 1 - 1 

1 1 
1 1 1 

1 1 
- 1  - 1 - 1  

- 1 - 1 

- 1  - 1 - 1 - 1 

1 1 1 1 

- 1 0 1 5  - 1 1 50 - 1 8 00 - 1 2 0  - 6 1 5  

- 1 0 0 0  - 1 8 0 0  - 60 0  
- 1 1 9 0  - 2  5 4 0  - 2 1 4 0  - 3 2 1 7 - 7 9 0  - 2 1 4 0  

1 1 1 1 1 1 1 1 1 1 1 

1 0 0 0 - - - - - - 1 1 9 0 - - - - - - 1 0 1 5  2 54 0  1 1 50 1 8 0 0 - - - - - - 2 1 4 0 - - - - - - 1 80 0  32 1 7  1 2 0  60 0 - - - - . · - 7 9 0 - - - - - - - 6 1 5  2 1 4 0  
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APl- El'\D I X T .','0 

BEEF r\CT I V I T I  SS 

The j ' t h Bi��F a c t i v i t y  i s  i n c l u d e d  i n  t h e m o d e l a s  a 
v e c t o r o f  f e e d r e qu i r e me n t s ,  a . .  1 s ,  wh e r e : 1 J 

a ;::: DM r c qu i r e me n t / h c .:L d / p � r i od ( Kg . ) ;  

j 1 - 4 ,  and d e no t e s  t he BESF a c t i v i t y b e i ng 

s t ud i e d ;  

1 1 - 3 0 , a n d  d e no t e s  t h e p e r i o d o f  t h e ye a r  

i n  wh i c h  t h e r e qu i r e me n t  o c c u r s . 

Whe r e  s up p l e me n t a r y  f e e d i n g i s  c o n s i d e r e d  b y  t h e  mo d e ) 

( s e e  App e nd i x  4 ) , t h e j ' t h BEEF v e c t o r c o n t a i n s a no t h e r 3 0  

c o e f f i c i e n t s ,  r i j ' s ,  

f e e d  e a c h  a n i ma l  ma y 

t ha t  l i m i t  t h e amo u n t  

c on s ume . T h a t  i s : 

o f  s upp l cme n t a :o:y 

r = ma x i wum s upp l e m e n t a r y  D:1f i n t ake / head /pe r i od 
and i s  c a l c u l a t e d a s  ma i n t e n a n c e  r e qu i r c � c n t  

i n  t e rms o f  Kg . s up p l e 1n e n t a r y  D:li ; 

j :  1 - 4 ,  deno t e s  t lJ e  B.S1�F a c t i v i t y b e i ng 

s t ud i e d ; 

i 1 - 3 0 , d e n o t e s t h e s upp l e me n t a r y  r e s t r i c t i o n 

r o w  t o  wh i c h t h e c o e f f i c i e n t  a pp l i e s . 

The j 1 t h BEEF a c t i v i t y  i s  r ep re s e n t e d i n  Ta b l e  A2 . 1 . 

Fe e d  rows 1 - 3 0  ( r o ws 6 1  - 9 0 ) a r e  t h e f e e d  r e c o n c i l i a t i o n 

r o ws d i s c u s s ed i n  Ap p e n d i x  1 .  S i n c e : 

Fe e d  s upp l i e d � Fe e d  e a t e n  

0 � Fe e d  e a t e n - Fe e d  s upp l i e d  

t he a . .  ' s a r e p o s i t i ve co e f f i c i e n t s . l J 
SUPRX rows 1 - 3 0  ( r ow s 1 9 4  - 1 2 4 ) a r e t h e  s up p l e me n t a r: y  

r e s t r i c t i on rows d i s cu s s ed i n  App e nd i x  4 .  S i n c e : 

Supp l emen t a r y  Fe e d  Ea t e n � Supp l e me n t a r y  Fe e d  

Re s t r i c t i on 

0 � Supp l eme n t a r y Fe e d  Re s t r i c t i o n - Supy l c m e n t a r y  

Fe e d  E:a t e n 
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t h e r . .  1 s  a r e  p o s i t i v e  c o e f f i c i e n t s . 1 J 
The .SRATE r o w  ( r o w  1 2 6 )  i s  t h e ob j e c t i v e f u n c t i o n w:-1 e r e  

s t o c k i ng r a t e  i s  m;:J. x i .�J i z. e d ,  S i n c e  e a c h  un i t  o f  B EEF' j  r e p r e -

s e n t s o n e  a n i ma l , t h e  j ' t h B �EF a c t i v i t y  has  a ( + 1 } c o e f f i c i e n t  

i n  t h e 31 �.\.TE r o w .  

TABLE A2. . 1  ---- ---- - T h e  j 1 t h DEEF Ac t i v i t y  

RO\'i BEi::F__j 
6 1  FESD0 1 0 � a l j 

6 2  FSED0 2 0 � a (  . - J 

9 0 F£ED3 0 0 � a 3 0 j 

9 4 SUJ RXO 1 0 < r 
1 j 

9 5 SUPRX0 2 0 '- r, . 
'- ) 

1 2 4 SUPRX 3 0  0 s 

1 2 6  Sl:U\.TE ob j .  
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APPEND I X  THRES 

STCiCK I NG ll.\T 2 f'OR B:;:i:::F 2 

Shadow Pr i c e s  

Shadow p r i c e s  a r e usually discus sed a s  t h e  ma rg i n a l  

va l u e p r o d u c t O.L V . P . ) o f  an i nc r e a s e  in supply o f  a r e s o u r c e . 

The ( z .  - c . ) va l u e a s s o cia t e d with t h e s l a c k  v ariab l e  f or 
J J 

some row ( re s ou r c e ) 1 n  a ma ximization p r ob l e m w i ll be � 0 

i n  a n  o� t imal s olution . Th i s  v a l u e s h o w s  t h e d e c r e a s e  i n  the 

va l ue o f  t he o b j e c t i v e fun c t ion for a ma rg i na l  d e c r e a s e  in 
I 

r e s o u r c e  s upply . So , t h e n e g a t i v e o f  the ( z .  - c . ) g i ve s  the 
J J i M . V . P . o f  the r e source . 

A3 . 2  Sha d o w  Pri c es on Fe e d  Ro w s  in B EEF 2 

The s ha d o w p r i c e s  a s s o c i a t e d wi t h  t he f e e d rows whe r e 

6 . 7 2 anitna.ls / ha . a r e gra z e d  ( s e e  S e c t i o n 5 . 3 . 3 . 2 )  a r e  p r e s e n t e d  

i n  Ta b 1 e A 3 . 1 .  The shadow pr i c e s a s s o c i ate d wi th the f e e d 
rows a f t e r  the p a t t e r n o f L . � . G .  i s  c ha ng e d  in a n  a t t e mp t t o  

1 n c r e a s e  stocking are a l so presente d .  

sto ck i ng ra t e  is discu ssed b e l o w .  

The at t emp t t o i nc r e a s e  

When 6 . 7 2 animals a r e g r a z e d to me e t  t h e p a t t e r � o f  

L . W . G .  de f in e d  by BEEF 2 ,  f eed is tig ht in all p e rio ds o f  t h e 
year , i . e .  M . V . P . ) 0 for all f e ed rows ( Table A3 . 1 ) . The 

h i g h e s t s h a d o w  p rices are associate d with f e ed periods ( rows ) 

1 4  - 1 6 . 

1 - 1 0 . 

The low e s t  shadow p rices a r e a ssoc i a t e d w i th r o w s  

In  a n  atte mpt to inc rease stoc king rate , the rate o f  

L . W . G . wa s reduc e d  i n  pe r i od s 1 4  and 1 5  by 0 . 4 3 Kg . / he a d /day 

and i n c r e a s e d by 0 . 1 4 Kg . / h e a d /day f o r  t he weane r  c at t l e  i n  

p e r i o d s  1 - 8 .  ( I n Tab l e  A3 . 1  t h e  L .  :: . G . for yearling c a t t l e· 
a r e  i n  b ra c k e t s ) . 

T h e  n e w  ilEEF a ct i v i t y was designated BEEF 2 X  and t h e 

mode l was u s e d  to ma x i m i z e  s t o ck i ng ra t e .  The ma x i mum a c h i e v 6 d  

for BEEF 2X . wa s  6 . 7 0 a nima l s / ha . ( 0 . 0 2 a n i ma l s/ha . l ess t h an 

f o r  B�EF 2 ) .  The M . V . P . ' s  a s s o c i a t e d w i t h  t h e f eed r o w s  wh e n  
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BEEF 2 X  wa s ma x i m i z e d  a r e s hown i n  Tab l e  A3 . 1 .  }..\ . V .  P .  1 s o n  

f e e d  p e r i o d s  14 , 1 5  a r e  n o w  h i g h e r t ha n  t h o s e  a s s o c i a t e d w i t h  

r o ws 1 - 8 • .  Wh i l e  a s ma l l e r  ch� ng e i n  t he p a � t e r n o f  L . a . G .  
t han t ha t  u s e d i n  t h i s e xamp l e  ma y h a v e  r e s u l t e d  i n  a n  i n c re <t s e  
·
i n  s t o c k i ng ra t e , s uc h  a c o u r s e o f  a c t i on \Vol. S n o t p u r s u e d . 

-
The maxi mum s t o ck i ng r<J. t e  f o r  BEEF 2 ( 6 . 7 2 a n i ma l s / ha , ) 1 s  

c o n s i d e r e d  on t he ma xi mum f o r  t h e  l e ng t h  o f  p r o d u c t i on p r o c e s s  

sp e c i f i e d i n  BEEF 2 .  
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SI-L tDO Y dU CS 3  FQn. BEi:::F 2 AI' MAXI MUM STO�K ING�ATE1_ 

Pl<::H.IOD:3 

1 
2 
3 

4 

5 

6 

7 

8 
9 

1 0  

1 1  

1 2  

1 3  
1 4  
1 5  
1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

2 2 
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  

AN D .::..rfi:h . 1.  C E. I.i'�G� I N  TE2 FAf fi�JU' Ol!� L . ,{ . G .  

SH.\.DOW PB. I CSS 
( x  1 0 0 0 ) 

BEEF 2 
. 3 0 

• 2 5 
• 2 5 
• 2 5 

. 2 3 

• 1 8  
. 1 3 

• 1 0  
. o s 
. 0 9 

. 0 8 

• 1 9  

• 5 0 

. 7 9 

. 9 6  

. 8 6 

. 7 2  

• 5 7 
. 7 6 
. s 6 
. s o 
., S 3 
. 7 6  
. s o 
. 7 0 
• 6 0  
. 4 5 
. 4 6 
. 4 0 
. 3 5  

� ... -·---- -- - · ---------

DA I LY L .  1V . G . 
( Kg • ) 
BEEF 2 

. 7 1  ( . 7 1 )  

. 7 1  ( . 7 1 )  

o 7 1  { . 7 1 )  

. 7 1 ( . 7 1 )  

. 7 1  ( , 7 1 )  

. 7 1  ( . 5 0 )  

• 7 1  
. 7 1  
. 8 5  
. 8 5  

. 8 5 

. 8 5 

. 8 5 

. 8 5 

. 8 5 

• 2 1  
• 2 1 
. 2 1 
. 2 1  

. 2 1  

. 2 1  

• 2 1  

. 2 1  

. 9 2 
1 . 0 0  
1 . 1 4 
1 . 1 4 
1 . 1 4 
1 . 1 4 
1 . 1 4  

SHAD0 1Y FR I CES 
( x  1 0 0 0 ) 

BSEF' 2 X  

• 6 9  

. 4 6  

• 5 8  

• 57 
• 54 
. 44 

. 3 4 

. 2 8 

. 2 4 

. 2 3  

. 2 4 

• 2 3 
. 2 2 

• 1 9  
• 1 6  

. 1 8 
• 1 7 
• 2 5 

. 4 4  

• 6 9  

. 7 3 

. 7 7 

• 69 
• 7 2' 
• 64 

• 5 0  
. 4 9 
. 3 7 

. 5 3 
• 5 1  

DA I LY L .  ','l . G .  
( Kg • ) 

B;:;::;£1!� 2 X  

. 8 5 ( . 7 1 )  

. 8 5  ( . 7 1 )  

. s s  ( . 7 1 )  

. s s  ( . 7 1 )  

. s s  ( . 7 1 ) 

. 8 5  ( . 50 )  

. s s 

. 8 5  

. 8 5 

. 8 5 

. 8 5 

. 8 5 

., 0 5 

. 4 2 

. 2 1  
0 2 1  
. 2 1  
• 2. 1 

• 2 1  

• 2 1  

. 2 1  

• 2 1 

. 9 2 

1 .  0 0  
1 .  1 4  
1 . 1 4 
1 . 1 4 
1 . 1 4 
1 . 1 4 



- 1 53 -

APPEND I X  FOU R 

TH.S SUPPL E::�,L:::NTARY FEED J..iODSL 

The s up p l e me n t a r y  f e e d  mod e l  i s  r e p r e s e n t e d i n  Ta b l e  

./d . l .  Ac t i v i t i e s  ( c o l umn s ) P
1

- P
3 0 0 a r e  t h e a c t i v i t i e s o f  t h e 

p a s t <1 r e  p r o d u c t i o n mode l � ! )  C o n s t ra i n t s  ( r o ws ) 1 - 9 2  a r e  t h e 

c o n s t r a i n t s  o f  t h e  p a s t u r e  p r o d u c t i o n m o d e l � l ) 
A c t i v i t i e s F3 0 0  -

P3 1 7  r e p lo c s e n t  a r e a s o f  p a s t u r e  ha rv e s t e d f o r  S '.l pp l e m e n t a r y  f e e d ; 
a nd a c t i v i t i e s  P

3 1 8 
- P

3 4 7  
r e p r e s e n t  Kg . ' s o f  s up p l e me n t a r y D.i'd 

e a t e n b y  s t o ck t h r o u g h o u t t h e  y e a r .  no w 9 3  e n s u r e s  t h a t  t h e 

amoun t o f  s upp l eme n t a r y  f e e d  e a t e n d o e c  n o t e x c e e d  t h e amoun t 

o f  s upp l e m e n t a r y  f e e d ma d e ; r o w s  9 4  - 1 2 4  r � s t r i c t  t h e  arno un t 

o f  s upp l e me n t a r y f e e d  u s e d  i n  e a c h pe r i od o f  t h e y e a r ; a.nd r o w  
1 2 5 r e c o r d s  t h e a mo u n t o f  s upp l e m e n t a r y  f e e d  ma d e  annu a l l y  • 

./\.4 . 1 Ar.. t i v i t i e s 

S e v e n t e en s up p l e m e n t a r y  f e e d  ma k i ng a c t i v i t i e s  a r e d e ­

f i n e d , a n d  nal'Qe d u s i ng t h e f o rma t : 

SUPdd e . g .  SUP2 5 

wh e r e dd i s  2 5 - 3 0 , 0 1 - 1 1 ,  a nd r e f e r s  t o  t h e 

p e r i od 1 n  wh i c h t h e s upp l e m e n t a r y  f e e d i s  

h a r v e s t e d .  

Ea c h  un i t o f  SUPdd r e f e r  t o  o n e  ha . o f  pa s t u r e  s p e l l e d 
f t H I GH 0 

0 
0 0 d ( 2 ) 

t 0 l 0 t . a e r  g ra z i ng 1 n  s ome p r e v 1 o us p e r 1 o  un 1 1 l S  
h a r v e s t e d  ( a t  t he LOW g ra z i ng he i g h t ) i n  p e r i o d d d . He n c e , 

( l i k e t h e LH g ra z i ng a c t i v i t i e s  i n  Fi g . A1 . 1 ) ,  e a c h SUPdd a c t ­

i v i t y  ha s ( + 1 )  c o e f f i c i e n t  i n  s ome H I GH a r e a c o n s t ra i n t ( r o wi 
1 - 3 0 ) a n d  a ( - 1 )  c o e f f i c i e n t  i n  t h e  dd LOW a r e a  c o n s t r a i n t • .  

( 1 )  De s c r i b ed i n  .0\pp e nd i x  1 .  

( 2 )  The p e r i od s f rom wh i c h s up p l e me n t a r y  f e e d  a r e a s  a r e s p e l l e d 
a r e d e f i n e d  i n  Tab l e  5 . 1 0 . 
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The TOTAC c o n s t r a i n t  d i s c u s s e d  i n Append i x  1 mus t a l s o 

app l y t o  t h e SUPd d a c t i v i t i e s t o  e n s u r e  t ha t  t h e t o t a l a r e a  
c on s i d e r e d  t o  p ro v i d e f e e d 1 s  n o t  e xc e e d e d . W h e r e  a STJPdd 

a c t i v i t y  s p e l l s  l a nd f r om , o r  t h r o -..Ig h  p e r i o d ( 1 ) ( e . g .  SUP0 3 

wh i c h sp e l l s l a nd f r om p e r i o d  ( 2 7 ) un t i l  p e r i o d  ( 3 ) ) i t  wi l l  
h a v e  a ( + 1 )  c o e f f i c i e n t  i n  t h e TOTAC r c w . 

A4 . 1 . 2  ��ement a}'y Fc��ng A. c t i v i t i e s ( c o l ' s  3 1 8 - � 4 8 ) 

3 0  s upp l e m e n t a r y  f e e d i ng a c t i v i t i e s  a r e  d e f i n e d  a n d  

named u s i ng t h e f o rma t : 

SUPFe e e . g .  SUPF3 0 
wh e r e e e  i s  0 1 - 3 0 a n d  r e f e r s t o  ( a l l ) t h e  

f e ed p e r i o d s  i n  t h e ye a r  wh e n  s upp l e me n t a r y  

f e e d ma y b e f e d  • 

Ea c h  un i t  o f  SUPFc e r e f e r s t o  1 Kg . o f  s u p p l e m e n t a r y 

f e e d  DM e a t en i n  p e r i od e e .  

A4 .2 C o n s t :c a i n t s 

A4 . 2 . 1  F e e d  Ro w s  ( r o w s  6 1  - 9 0 ) 

Ea c h  u n i t o f  SUPFe e r e f e r s t o  1 Kg . o f  s upp l e m e n t a r y 

f e e d DM e a t e n i n  p e r i o d c e . Supp l emen t a r y  f e ed D::-.t i s  a s s umed 

t o  c on t a i n  1 . 9  }.I . Ca l s  ME / Kg . DM and hen c e 1 un i t  o f  SUPFe e 
r e p l a c e s : 

1. 9 
Pa s t u r e  qua l i t y 

( Pe r i od ( e e ) ) 

Kg . Pa s t u r e  DM 

Fo r e xamp 1 e ,  1 Kg . o f  s up p l em e n  t a r y f e ed Dh-: r e p l a c e s  
0 . 7 1 7 Kg . o f  pa s t u r e DM i n  p e r i o d ( 1 ) ( s e e  Tab l e  5 . 1 1 ) . He n c e , 
SUPFO l h a s  a ( - . 7 1 7 )  c o e f f i c i e n t ( ! ) i n  FEED row ( 1 ) .  

( 1 ) T h e  l og i c  o f  a n eg a t i v e c o e f f i c i e n t  f o r  f e e d  s upp l y  i s  
d i s c u s s e d 1 n  Se c t . A l . 2 . 2 . 
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A4 . 2 . 2 Supp l e me n t a ry Fe e d  Re c o n c i l i a t i o n R o w  ( r ow 9 3 )  

Ea c h  un i t ( h e c t a r e ) o f SUPd d  a c t i v i t y  s up p l i e s ( n e g a t i v e  

c o e f f i c i e n t ) s upp l e m e n t a r y f e e d . D},l l o s s e s  a s s o c i a t e d  w i t h  ma k i ng 
a n d  f e e d i n g ou t s u p p l e m e n t a r y  f e e d  DM a r e d e d u c t e d f r om t h e 

D1i p r e s e n t / h a . b e f o r e  ha rv e s t i ng .  ( S e e  S e c t . 5 . 7 . 1 ) .  He n c e , 

e a. c h  u n i t  ( hc c L: n· e ) o f  SUP2 5 lllak e s 1 8 5 8 Kg . o f  s up p l e m e n t a r y  

f e ed DM a v a i l ab l e  f o r  f e e d i n g . S i n c e : 

Suppl e m e n t a r y DM 

m a d e  ( l e s s  l o s s e s ) 
). 

0 � Supp l e men t a r y  DM 
ma d e  ( l e s �  l o s s e s ) 

-

+ 

Supp l e me n t a r y Div! 
e a t e n . 

Su� )r l em e n  t a r y  D.l\' 

e a t e n 

SUPdd a c t i v i t y  h a s a ( - v e ) c o e f f i c i e n t  i n t h e Si:�PD�.; 
r o w , ( r ow 9 3 ) ;  a n d  S U I-'Fe c a c t i v i t y ,  wh i c h :r e p r e s e n t s  l Kg . 

o f  s up ]-. 1 e rn e n  t a r y  D);! e a t  e n  ha s a ( + :i. ) c o c  f f i c i e n  t i n  t h e SCPD�.� 
rov.r . 

A4 . ?. . 3  SuEL']eme.2L!_�ry Fe e d .i ng Re s t r i c t i o n s. _ __(..E_9.ws 9 6  - 1 2 6 )  

Whe r e  s up p l e m e n t a r y  f e e d i s  c o n s i d e r e d B EEF a c t i v i t i e s  

d e f i n e t h e amoun t o f s up p l e m e n t a :.:- y f e e d  t h a t  ma y b e  f e d / a n i ma l / 

p e r i o d ( s e e  Ap p e n d i x 2 ) . 
S i nc e  1 un i t  o f  SU �Fe e r e p r e s e n t  1 Kg . o f  s upp l emen t a r y  

f e e d  m.·! e a t e n ,  and b e c a u s e : 

Supp l e m e n t a r y  

DM e a t e n 

0 � Supp l e men t a r y 

DM re s t r i c t i on 

Supp l eme n t a ry 

DM r e s t r i c t i on 

Supp l e men t 2.. r y  

DM e a t e n 

SUPFe e a c t i v i t y  ha s a ( - 1 )  c o e f f i c i e n t  i n  SUPRX r o w  ( e e ) . 



TABLE A4 . 1 .  SUPPLE}..iE.NTAR Y FEED lv!ODEL [ I�· 1 - 7 5 7 6 - 1 50 1 50 - 2 2 6 - 3 0 1 3 0 6 3 0 9  3 ! 7  3 1 8 3 2 8  3 3 2  3 3 6  3 4 8  J 2 2 5 3 0 0  
B GH GL 1- lL  LH SU:£."l2 5 - - SDP 30 - - SUP 0 3 - - SU P 1 1  SG FF0 1 - - SUPF 1 0 - - ST.; PF 1 4 - - SUPF1 8 - - SUPF30 

1 ACHO 1 0 = 1 1 
I 

1 - 1  - 1 1 1 1 l 
1 3 0  ACH30 0 = 

I 3 1 ACLO 1 0 = 1 1 I I I 

I I - 1  - 1  - 1  - 1  - 1  

I 60 ACL3 0  0 = - 1 , I 6 1  FEfDO 1 0 � � DMGH - 0 7 1 7 

I I 
I 7 0  11 FE£D 1 0  0 2. - DMG. 

- 0 7 9 2  
I I L 
I I 

I 7 4 FE�D 1 4  0 � - • 7 4 5 

' 

7 8  FEED 1 3  0 � - D:v1HL - . 7 1 7 
I I 
. I I 

I 9 o  FEED3o o a - DMLH _ _ .  6 7 9  
I 9 1 TOTAC 1 = 1 1 1 1 1 
� 9 2 �w f r e e �� mh ��� �H  ---------------------------� 

l 9 3 S UFDlvf 0 � - 1 8  S 8 - 1 9 2 5 - 2  3 5 5  - 1 6 0 5 1 1 1 1 l 
r---'-l 9 4 Si.J HtXO 1 0 � .. 1 
I I - 1  I I - 1  -! I - 1 j 1 2 4  SUFRX3 0  0 � - 1 
!i"i o SUPRO f r e <  1 8 5 8 1 9 2 5 23 5 5  160 5 � L _ _ __ L_ ___ -- .__ ____ '--- ·-·------- -- ------- -------- --- ------------ -----------------

...... 
Ul 
0' 
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A l l d e n ,  .V . G . ( 1 9 6 5 )  

A • n. • C , ( Ag r i c n l  t u r a 1 
Re s e a r c h  C o u n c i l ) 
( 1 9 6 5 ) 

Arm s t ro ng , J .  ( 1 9 6 4 )  

B a r t o n ,  R . A . ( 1 9 7 0 ) 

B i ne s , J . . -\ • ( 1 9  7 0 ) 

B l a x t c r ,  K . L .  ( 1 9 62 )  

B r o u g h� m ,  R . W .  ( 1 9 5 5 )  

- - - - - - - - - - ( 1 9 5 6 )  
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