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ABSTRACT 

The ach i e vement of i nc reased p rodu ct i on from North I sla nd H i l l  Cou nt ry 

( N I HC ) ,  th rou gh an  i nc reased res ea rch i nput ,  i s  cu rrent ly rece i vi n g 

con s i derable atten t i on  i n  New Z ea l a nd .  T he  t a sk of plann i n g  futu re 

resea rch and  sett i ng p r i or i t i es for t h i s work requ i res an eva l u at i on of the 

c u rrent state of k nowledge rel at i n g t o  h i l l  country graz i n g sy stems , and  an  

a ss es sment o f  fu t u re research need s .  A number of references have been ma de 

t o  the  potent i a l u sefu l ne s s  o f  sy stems mode l li ng i n  resea rch and resea rch 

p l a nn i n g . The object i ve s  for t h i s  s t udy were to  apply modelli ng  to t h e  

development o f  resea rch p ri ori t i es on  N I HC ,  and t o  e valu at e  modell i n g i n  

t h i s  role . 

A s i mu l at i on mode l was con s t ructed  to  as semb l e  the a va i l a b l e  

i n format i on o n  s o i l ,  p a s t u re a nd sheep  component s of N I HC graz i n g sy stems . 

E valuat i on of  the state  of  k nowledge on components  of h i l l  cou ntry sy stems 

was based  on p rob l ems ( data  and conceptua l ) conf ronted du r i ng mode l 

const ruct i on .  The  model s i mu l ated pastu re growth , senescence and decay 

f rom c l i mate dat a .  T h e  s heep component was ba sed on an energy ba l ance 

u s i n g  the  metaho l i sa ble energy system. 

P a rameters i n  ma j o r  component s of the mode l were cali b rated a ga i n s t  

d a t a  set as i de a t  t h e  s t a rt o f  the  study .  Th i s wa s done i n  order t o  obt a i n 

t he ' most vali d '  mode l because  t here were a ra nge of values reported i n  the  

l i t e ratu re for ma ny of  the  pa rameters . Stat i s t i ca l  goodne s s -of-f i t  tests  

were used  as an  a i d to  deci de on  the  st ructu ral accepta bi li ty of the  

c ali brated model, and  s ome i s su es fa c i n g  t he  choi ce of approp ri ate 

s tat i s t i ca l  lack -of - f i t test  for mode l s ,  we re d i s cu ssed i n  det ai l .  Model 

vali d i ty was estab l i sh e d  by s ubj ect i ve j udgement . The  need for 

s u bj ect i vi ty arose ma i n ly becau se o f  u n certa i nty about set t i n gs of some , or 

a l l, i mportant  exogeno u s  va r i ables i n  the  data a va i l able for  va l i da t i on .  



i i i 

E xperi men t s  we re ca rri ed ou t wi th the model whe re stock i n g ra te ,  

l amb i n g  day , l e n gth  of f l u s h i n g ,  wi nter and  spr i ng  rotat i ons , a nd  the number 

o f  pa ddock s ret i red from graz i n g in  ea rly summer ,  were va r i ed. The resu l t s 

were u sed to  def i ne dec i s i ons  gi vi ng  ' opt i ma l  • l e ve l s of produ ct i on .  

C l i mate da ta f rom B a l l a nt rae H i l l  Cou nt ry Resea rch Stat i on were u sed . F i ve 

representat i ve yea rs we re construct ed t o  accou nt for major  va ri at i on s  i n  

c l i mate  expe ri enced at t he s i te .  

E a r ly  l ambi n g  and  w i n ter and spri ng  graz i n g st rategi es wh i ch ma x i mi sed 

s p r i n g  feed supp ly we re c l ear ly  shown as the most  i mportant deci s i ons  i n  

ma x i mi s i n g system p rof i ta b i l i ty .  

T he  ' op t i ma l  • sy stem wa s used as a ba se f rom wh i ch t o  i n vest i gate 

p os s i bl e  bene f i ts  from add i n g  feed i n  spring t h rou gh t he u se of n i t rogen 

fert i l i s er ,  a nd  i n crea s i n g  ovu l at i o n  rate by art i f i c i a l  mean s .  Bot h the 

a bo ve were s hown  t o  be p rof i t ab l e ,  gi ven some adju stments to mana gement 

s t rategi es . F i n a l ly ,  ch a nges  were made to a ra nge of  pa rameters 

i n f l uenci ng  potent i a l  pas t u re and an i ma l  performance .  Effect i n g  some of 

t hese changes by phy s i c a l , chemi cal or genet i c  means  wou l d  be profi tab l e ,  

p a rt i cu l a r ly where woo l  p roduct i on was cpnce rned .  

D i ff i cu l t i es  were con fronted i n  conce i v i n g a means  o f  sett i n g  

obj e ct i ve research pri o r i t i es u s i ng  the model . A nu mbe r of i n format i on 

def i c i enc i es were noted ,  bu t the rea sonabl eness  of  u s i n g sens i t i vi ty 

a na ly s i s  to  rank the i mportance of each def i ci ency i n  an ' i nva l i d' mode l 

wa s  quest i oned .  F u rther  t h e  p robl em of  choos i ng  between obta i n i n g 

i n format i on t o  fu rther i mp ro ve the  mode l , and de vel op i ng i mp roved sy stems 

s u g gested by the  mode l , wa s noted. S ubjecti ve p r i or i t i es we re determi ned � 

based on t he  need to demonst rate supe ri o r systems i dent i f i ed by mode l l i n g ,  

a n d  t h e  appa rent need f o r  a greater u nderstand i n g  o f  part i cu l a r components 

t o  enab l e i mp roved systems t o  be de v i sed. Advant age s  were apparent i n  

u s i n g mode l l i n g as  an a i d t o  ma k i n g t hes e subject i ve ju d gements .  / 



i v  

I t  was  conc l uded t h at t h e  p rocess  of deve l opi n g  a p re-resea rch mode l 

t o  eva l u a te  resea rch needs had  been va l u ab l e . The l ea rn i n g aspect of 

mode l l i n g was  empha s i sed ,  t hou gh p robl ems w i th va l i dat i on occu r where 

mode l l i n g i s  conducted  i n  i s o l a t i on f rom f i e l d  resea rch .  The vi ew was 

s u bmi t t e d  t h at the mode l l i n g  s hou l d  be e xtended to become an  i ntegra l part 

of  a resea rch p rogramme . 
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1.1 I NTRODUCT ION 

Chapter 1 

I NTRODUCT ION 

New Zea l a nd's Nort h  I s l a n d  h i l l  cou ntry ( N I HC ) i s  p redomi nant ly 

non-p l ou ghab l e l a nd .  I t  su pport s  a l a rge p roport i on of the nat i on ' s  

sheep a n d  catt l e  (NZMWB , 1984a )  i n  a va r i ety of  graz i n g systems , and  

is  a sou r ce of  repl acement stock for l ow l an d  f i n i s h i n g  u n i t s . I t  a l so  

cont r i bu tes  more than $600m a yea r to  Nat i ona l export ea rn i n gs 

( NRAC , 1 978 ) .  An ana ly s i s  by Scott  ( 1 982 ) s uggests  that an i ncrease 

i n  stock numbers of 1 2 8% cou l d  be ach i eved by adopt i n g  cu rrent 

t echno l o gy . Ot he r  es t i mates s u ggest that the poten t i a l  for i ncrea sed 

p rodu ct i on ran ges from 50 to 200 pe rcent above cu rrent ou tput 

(Brou gh am,  1 9 7 3 ;  H i ght , 1 9 7 6 ,  1 97 9 ) .  Ach i e vement of th i s potent i a l  

wou l d  obv i ou s ly h a ve a n  enormous  i mp act . 

T he Nat i ona l  Resea rch Adv i s ory Cou n c i l publ i shed i n  1978  ( NRAC , 

1 978 )  a set of recommendat i ons  for  the  futu re devel opment of  h i l l  

cou n t ry resea rch . I t i dent i fi ed  a l a rge number of resea rch a reas and  

as serted t hat  g reater  res ea rch at tent i on shou l d  be  gi ve n to them. 

H oweve r ,  the  report con c l u ded  t hat  i t  was di ff i cu l t to a l l ocate 

p r i o r i t i e s  ( p a ra .  1 06 )  amo n g  t he  resea rch a reas i dent i f i ed ,  owi ng  to 

t he mu l t i -d i s c i p l i na ry natu re of  the p robl ems faci n g  h i l l  country . I t  

l e ft u n a n swered quest i ons  ( e . g . Mooa r ,  1 9 78 )  rega rd i n g ;  ( 1 ) the 

fea s i bi l i ty of  accomp l i s h i n g  t he vo l ume of  resea rch proposed i n  the 

report , ( 2 ) t he  p rof i t a bi l i ty of un dert ak i n g a l l of  the resea rch 

p roposed ,  ( 3 )  methods by wh i ch the resea rch a rea s i dent i f i ed ,  shou l d  

be re sea rche d ,  and  ( 4 ) quest i ons  rel a t i n g  to l i ke ly adopt i on rates o f  

d i ffe rent  techno l ogi es  by fa rme rs . 
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One rea son for the a bo ve d i ffi cu l ty of a l l ocat i ng pr i ori t i es i s  

t he l a ck of a s u i ta b l e  methodo l ogy to  i ntegrate ex i st i n g k n ow l e dge , to 

p rovi de a focu s for d i s cu s s i on on  the adeq uacy of th i s  know l edge . 

T he systems app roach appears  to  offer  the requ i red met hodol ogy . 

I t  i s  the u n i fy i n g ,  or mu l t i -d i s c i p l i na ry ,  concept that the  sy stems 

a pproach seek s t o  ach i eve . A mathema t i ca l  mode l provi des a framework 

for descri b i n g  t h e  system p reci s e ly , wi t h i n the l i mi t s of ex i s t i ng 

k now l edge.  

Mode l s  h a ve a lway s p rov i ded the bas i c  frame of reference for  

t h i nk i n g a bout sy stems (W ri ght ,  1980 ) . Howeve r i n  the  past  these  

mode l s h a ve u su a l ly been menta l  mode l s . D i fferences i n  percepti ons of  

a sy stem, a n d  the  ab i l i ty to g rappl e wi th  it  mental ly , h ave gi ven r i se 

to d i f f i cu l t i es i n  commu n i cat i n g these ment a l  model s .  Va gue  l a n gu a ge 

can  be  u sed i n adve rtent ly , or  pu rposefu l ly ,  to b l u r  the commu n i cat i on 

p roce s s  ( E bersoh n ,  1976 ) ,  and hence p roduce an  i ne f f i c i ent t ra n s fer  of  

i n format i on o r  i deas between those conce rned ,  especi a l ly whe re comp l e x  

sy stems a re i nvo 1 ved . W i t h a mathemat i ca l  mode 1 ,  on the  other ha nd ,  

a ss u mp t i ons  need to  be  stated p reci se ly and a re c l ea rly  exposed 

for debate.  I n  a ddi t i on ,  the consequences of these assumpt i ons  a re 

rel i a b ly  corrpu ted (Renyon , 1 972 ) .  

T he use  of ma themat i ca l  mode l s  i n  a gr i cu l tu ra l  resea rch has  been 

recei v i n g  i nc reased at tent i on i n  recent years . Howeve r  most s tu d i es 

h ave concent rated on deve l op i n g mathemat i ca l  mode l s  as a means  of  

e xtend i n g  speci f i c resu l t s  to  a w i de r  ra n ge of en vi ronment a l  

c ond i t i ons  (e . g .  Smi th & W i l l i ams , 197 3 ;  W h i te et ll·' 1 983 ) . Those 

wh i ch  h a ve addressed themse l ves to the eva l u at i on of mode l l i n g i n  

t e rms o f  the wi d e r  a ct i vi t i es covered by resea rch ( e . g .  Wri ght  !t �. , 

1 976 ; Mi l l e r ,  1 983 ) ,  have reported fa vou rab ly on i t s  potent i a l . 
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I t  has  been emp h as i se d  th at  a model l i n g study req u i res the a ct i ve 

invol vement o f  spec i a l i st s  f rom a number o f  di s c i p l i nes  (D i l l on , 

1 97 6 ;  R obert s ,  1 9 76 ) , as was  done hy W r i ght !t�· ( 1 976 ) .  However  

Mo r l ey ( 1 97 3 )  con s i dered t h at  sy stems resea rch i n vo l v i n g  t he  u se  of 

mode l s i s  more l i k e ly  to p roceed from st ron gly mot i vated i nd i v i du a l s  

mak i n g u se of  spec i a l i st co l l ea gu e s .  

C r i t i c i sms a l s o  exi st , and  a re i mp l i ed ,  of  model l i n g stud i es  

ca rr i ed  out i n  i so l at i on f rom rea l resea rch p rogrammes ( E bersohn , 

1 9 7 6 ; B a l dwi n  & Koong ,  1 980 ; M i l l e r ,  1 983 ) .  W h i l e  these may he 

a ccepted i n  p a rt , the  i mport ant cons i de rat i on mu st be the object i ve 

for  t h e  mode l l i n g i n  re l at i on t o  the  resea rch p rogramme . The u su a l  

s t a rt i n g  poi nt f o r  a resea rc h  p rogramme i s  a revi ew o f  the l i teratu re , 

f o l l owed  by d i s cu ss i on wi th  peop l e  a l ready i n vo l ved i n  study i n g the 

sy stem and an i ntu i t i ve a s ses sment of resea rch needs . An  a l ternat i ve 

a pp roach i s  to deve l op a p re-resea rch mode l a n d  mak e  judgements on 

resea rch needs ba sed on wh at i s  l ea rnt from bu i l d i n g and ma n i pu l at i n g  

t h e  mode l . 

T h i s  study or i g i nated  f rom a de s i re t o  app ly model l i n g  to the  

devel opment o f  resea rch p ri o r i t i es i n  No rth I s l and  hi l l  country 

g raz i n g sy stems .  

T h e  majo r  o bject i ves  for  the  study were:  

( i ) To i dent i fy techno l og i ca l  c on s t ra i nts to i nc reased 

p roduct i on f rom N IHC graz i n g sy stems by ( a ) i ntegrat i n g 

r e l e va nt k n ow l e d ge i n  t he  form o f  a mathemat i ca l  mode l , 

a nd { b ) man i pu l at i n g that mode l .  

( i i }  T o  e va l u at e  the  sy stems app roach , and  mode l l i ng a s  a 

t oo l , i n  a i d i n g  resea rch management . 
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1 . 2 PLAN OF THES I S  

P a rt I o f  the Thes i s  comp ri ses Chapters 2 and 3 .  I n  Chapter 2 

t h e re i s  a d i scus s i on  on the  systems concept , and agr i cu l t u ra l  res ea rch 

as a system , tak i ng i t s  p l a ce between h i gher and l owe r order systems . 

The fo rme r i s  soci ety by wh i ch agri cu l t u ra l  research act i v i ty i s  

i n f l uenced and the l atter  i s  the product i on system that agri cu l t u ra l  

research attempt s t o  i n f l uence . Major  i s sues  s urround i n g the u s e  of 

p roduct i on system model s i n  the p l ann i ng and conduct of appl i ed 

a g r i cu l t u ra l  resea rch a re then rev i ewed . I n  Chapt e r  3 mode l l i ng 

p rocedu res a re bri ef ly  out l i ned as a bas i s  for di s cuss i ng some of the  

percei ved methodol og i ca l  p robl ems to be conf ronted . The chapte r  

conc l udes wi t h  a revi ew o f  s i mu l at i on model s i n  the l i t e rat u re wh i ch 

a re rel evant to th i s  study .  

The mode l l i ng of h i l l  count ry sheep graz i n g systems , and 

p r i or i t i es for research i nto  these systems , a re di s cus sed i n  Pa rt I I .  

I n  Chapter 4 an i nt roduct i on i s  gi ven to the model l i n g study .  The 

cho i ce of system bounda ry fo r the model  i s  out l i ned and quest i ons 

rel ated to sou rces of data for the model are bri ef ly  an swe red . 

Chapters 5 and  6 are concerned wi th  descri b i ng  the re l at i onsh i p s and 

a s s umpt i ons  u sed i n  const ruct i ng the model . Devel opment of mode l  

st ruct u re ,  i n c l ud i n g ca l i b rat i on of maj or pa rameters , i s  d i scus sed i n  

Chapter  7 a l ong  wi th  subsequent va l i dat i on of the maj or  component s of  

the  model . I n  Ghapter 8 resu l t s deri ved from model experi mentat i on 

a re d i scu s s ed . These res u l t s  are rel ated to product i on f rom systems 

emp l oy i ng d i f ferent gra z i ng  ma nagement , and systems mak i ng use of new 

techno l ogy ,  both exi st i ng and hypothet i ca l . F i na l l y , i n  Chapter 9 an 

att empt was made to draw together experi ence ga i ned du r i ng  the 

mod e l l i ng exerc i se i nt o  a d i s cus s i on on pr i o ri t i es for N I HC sheep 

graz i ng system resea rch , and to  address the second obj ect i ve .  
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Chapter 2 

SYSTEMS CONCEPTS AND THE USE OF MODELS I N  AGR ICULTURAL RESEARCH 

2 . 1 .  I NTRODUCTION 

I n  New Zea l and , g ra z i n g systems , i nc l ud i ng  those of the North 

I s l a n d  Hi l l  Count ry ,  have devel oped t remendou s l y  over the yea rs to the  

po i nt  where much of the  s l ack  that exi sted i n  these  systems has  now 

been expl o i ted , and a phase  of  rel at i ve fi ne  tun i ng i s  be i ng entered 

( Town s l ey ,  1973a ) . Advances t h rough the app l i cat i on of fert i l i s er , 

correct i on o f  t race el ement defi c i enci es , i nc reased stock i ng rates , 

and  fa rm subd i v i s i on ,  a l ong  wi t h  imp roved gra z i ng tech n i ques , have a l l 

had  maj or  i mpact s . There can be l i tt l e  doubt that agri cu l tu ra l  

resea rch has  served soci ety and  i t s c l i ent s ,  the  fa rmer ,  wel l over 

t h i s  peri od . One ex pos te  economi c eva l uat i on o f  fou r New Zea l and  

res ea rch programmes has shown rel at i ve retu rns  i n  the  order of  20% 

on i n vestment ( D i ck � �  •• 1967 ) .  

Howeve r ,  quest i ons a re i nc reas i ng ly  be i ng asked about the 

rel eva ncy and eff i c i ency of  resea rch methods  i n  systems where f i ne 

t u n i n g  has become i mport ant ( D i l l on ,  1976 ; Ebersohn , 1976 ) .  I n  

add i t i on ,  c r i t i c i sms have been l evel l ed at the appa rent l ack of 

synt h es i s  of resea rch fi nd i ngs  i nto usabl e form in these systems 

( E be rsohn , 1 97 6 ;  Mi l l e r ,  1983 ) . 

The l ac k  of synthes i s  by resea rchers may , however ,  be no more 

acute  today than  i t  has  been i n  the past , but the synthes i s  task  has 

become more di f f i cu l t  fo r the  fa rme r for two reason s . F i rst , the  

vol ume of i n format i on t o  s i ft i s  enormou s and  i ncreas i ng rap i d l y .  

N i n ety percent o f  the res ea rchers who have ever worked i n  agri cu l t u re 

a re work i ng today ( W i l l i ams , 1 9 79 ) .  Second ly , wi t h  the front i e rs to 

i nc reased p roduct i on becomi n g  subt l e i nteract i ons , as opposed to 

s i n g l e- factor const ra i nts , a greater  l eve l  of understand i ng i s  
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requ i red on the part of the fa rme r i n  order to app l y  new i n format i on 

eff i c i e nt l y  i n  h i s system .  

T h e  d i s c u s s i on i n  th i s  Chapt e r  i s  concerned fi rst wi th  showi ng 

why sys tems concept s are re l evant to agr i cu l tura l  resea rch and how the 

organi s at i on of  agri c u l tura l  resea rch can i t se l f be vi ewed as  a 

system .  Second ly  i t  i s  concerned wi t h  showi ng how a mathemat i ca l  

model  of  t h e  p roduct i on system may be a usefu l component o f  the 

resea rch sys tem by a i d i ng commun i cat i on and deci s i ons  about resea rch 

p ri or i t i es .  

2 . 2  FUNDAME NTAL SYSTEMS CONCEPTS 

I t  h a s  been noted by Rount ree ( 1 9 7 7 )  that in recent yea rs systems 

concept s and  theory have become bound-up wi th  model s .  Th i s  mu st i n  

part be due to  the fact that i t  i s  hard to th i nk about a system 

wi t hout a mode l , and i mposs i b l e  to des cr i be one except i n  model  form 

{ Spedd i n g ,  19 7 7 a ) )  Yet mode l l i n g rep resents on ly  the techn i que for 

app l y i ng sy s tem • s concepts (Dent , 197 5 )  and a system can gi ve ri s e  to  

severa l  mode l s ( Spedd i ng 1977a ) ,  depend i ng on  defi n i t i on of system 

boundary and t h e  organ i s at i ona l l eve l  of  i t s  component s .  The danger 

of l os i n g s i ght of systems concept s i s  that 11We ri s k  becomi ng systems 

peop l e  wea r i n g  b l i nke r s , as opposed to d i s c i p l i nary peop l e wea ri ng 

b l i nkers .. ( Rount ree , 1 9 7 7 ) .  Th i s  goes aga i nst the ma i n obj ect i ve of 

General Sys t ems Theory , wh i ch i s  to deve l op a genera l framework to 

enab l e one spec i a l i st to obta i n commun i cat i on from anothe r ( Bou l d i ng ,  

1956 ) . 

1 Mode l s may t a ke  a ra nge of forms , f rom di ag rammatic toan i con  of the  rea l 
sys tem . U n l e s s  otherwi s e  stated , the  mode l s referred to i n  th i s  Thes i s  
a re mathemat i ca l  mode l s ,  capab l e  of be i n g ma n i pu l ated on a compute r .  
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Systems theory i s  based  on the  rath e r  abstract not i on that t h e  

'who l e '  i s  more than  the  sum  o f  t h e  pa rt s .  T he  systems approach � 

reco gn i ses  the  i nd i v i s i bi l i ty of  the who l e sy stem {Di l l on , 1976 ) .  A 

system may be de fi ned  as  a fu nct i on a l  u n i t  ( e . g . farm) o r  a 

conceptu a l  u n i t ,  at  a gi ven l e ve l  of  orga n i sat i on ,  made u p  of 

i nteract i n g components (R ount ree , 1 9 77 ) .  The component s of a sy s tem 

h a ve the fo l l ow i ng p ropert i es ,  defi ned by D i l l on { 1976 ) : 

( 1 )  Each  a f fect s the  p rope rt i es of  the sy stem as a who l e ,  and  

( 2 )  E ach  depends for i t s own p rope rt i es ,  and  i t s effect on  the  

w hol e sy stem,  on  the p ropert i es of  some other components  o f  

t he system. 

R ecogn i t i on o f  a hei rachy of  sy stems , each at di fferent l eve l s  o f  

o rgan i s at i ona l comp l exi ty ,  i s  cen t ra l  to  t he  systems concept . 

O rga n i sa t i ona l  l e ve l s  may ra nge between t he atom and the l evel o f  

s oci a l  i nteract i on ( Van  Dyne � Abramsky , 1 97 5 ) .  One sy stem may 

t herefore be a s u b-sy stem of  anot he r .  

T h e  app l i cat i on of  sy stems concepts re l i es o n  recogn i s i ng t h e  

purp oses  f o r  wh i ch a sy stem i s  to b e  studi ed (Speddi ng ,  1 9 7 5 ) .  Th i s  

p rovi des the  gu i de l i ne for the next step of  defi n i ng a sy stem bounda ry 

t o  i n corporate on ly  re l e vant sub-sy stems ( l e ve l s ) ,  wh i l e  ens u r i n g  that  

re l evan t  l i nk a ges  w i t h  oth e r  su b-sy s tems a re i nc l u ded.  T h rou gh the  

a bo ve p roces ses  sy stems concepts  provi de  a ba s i s  for  ba l anc i ng the  

n eed for det a i l ,  a ga i n st  genera l i ty ( R ou nt ree , 1 9 7 7 ) .  

A s  a ru l e ,  n o  more t han  t h ree orga n i sat i ona l  l e ve l s  shou l d be 

i nc l uded wi t h i n  the  bou nda ry of a sy stem u nder  study (J effers , 1 9 78 ) . 

W i th i n  a l e ve l howeve r ,  the  not i on of  a bou ndary creates prob l ems s u c h  

as , wh i ch component s to  i nc l u de ,  o r  con verse ly , exc l u de .  I n  response  

t o  t h i s  p rob l em  R ou nt ree ( 1 97 7 )  h a s  su ggested  that a bounda ry shou l d  
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not be vi ewed as  a r i g i d ' cut off ' l i ne but rathe r  as a ba nd ,  w i th i n 

whi ch fa ctors h ave d i mi n i s h i n g ef fect on sy stem behav i ou r . 

H i gh e r  organ i s a t i ona l l eve l s  ou ts i de t he  sy stem bou ndary form t he  

envi ronment , wh i ch may often be u n changed  by the  operat i on of  the 

system, bu t w i l l  provi de i nputs to  i t .  

2.3 SYSTEMS CONCEPTS I N  AGR ICULTURAL RESEARCH 

Before revi ew i nj! the pos s i b l e  uses of p roduct i on sy stems 

mode l s  i n  agr i cu l tu ra l  resea rch i t  i s  nece s s a ry to cons i de r  fi rst the  

re l evancy of  systems concept s to  a gri cu l tu ra l  resea rch . Poss i bi l i t i es 

for  the app l i cat i on of  sy stems concepts ex i st  at two l e vel s .  The 

f i rst of  these i s  the l e vel  of the produ ct i on sy stem i n  whi ch the 

r esearch e rs ' work i s  embedded . The  second , i s  the resea rch sy stem 

( D i l l on ,  1 97 6 )  wh i ch rep resent s the soci a l  sy stem in whi ch the 

resea rche r  i s  a comp onent , i nt e ract i ng w i th othe r  researchers , 

resea rch admi n i strato r s ,  and soci ety , i nc l u d i n g  fa rmers and t he i r 

a d vi sers . 

2 . 3 . 1  Systems Research and the P roduct ion System 

A g r i cu l tu ra l  resea rch i s  p r i ma r i ly i n vo l ved w ith  the s o l u t i on of 

s peci f i c prob l ems at the  farm l e ve l (A rnon , 1968 ) and w i t h the 

i dent i f i cat i on a nd  e va l u at i on o f  opportu n i t i es for  i mprovi n g  

produ ct i on (Wri ght ,  1980 ) .  T he farm t herefore  rep resents t h e  system 

at wh i ch most  a g r i cu l tu ra l  research i s  ta rgeted , and sy stem bou nda ri es  

can u su a l ly be  def i ned  re l at i ve ly eas i ly  to i nc l ude the  re l e vant 

components of  farms i n  a reg i on  of  i nterest ( e . g . c l a ss  of  sheep , 

pastu re type  or  crop type ) .  

E xper i ments may be performed on who l e  p roduct i on sy stems o r  s ca l e  

vers ions  of them, a s  i n  fa rml et stud i es .  H owever researchers u su a l ly 
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d raw bou nda ri es  that  l i e  wi t h i n t h ose of  the farm i n  orde r  t o  study 

components  of the sy stem i n  more detai l .  For examp l e ,  a deta i l ed and 

s pec i a l i se d  u nderstandi ng  may be req u i red of a certai n component of 

t he sy stem whe re the object i ve i s  to  ' repa i r '  or ' modi fy '  that 

c omponent ( e . g .  a s  i n  p l a nt o r  a n i ma l  breedi n g )  (Spedd i n g  & 

B rock i n gt on , 1 976 ) .  Yet  i t  i s  es s ent i a l  that any chan ge made to  part 

o f  the  sy stem i s  stud i ed i n  rel at i on to  i t s effect on output  of  the 

w hol e sy stem,  to  en su re t h at conc l u s i on s  are not made i n val i d  by 

i nt e ract i on s  w i th other  component s o f  the sy stem (Morl ey & Spedd i n g ,  

1 968 ) .  

R es ea rch i nto a gr i cu l tu ra l  sy stems ca n be conven i ent ly  c l a s s i fi ed 

i nt o  that  i n vo l ved wi th  sy stems a n a ly s i s and sy stems synthes i s (W ri ght , 

1 973 ) .  Sy s tems ana ly s i s i n c l u des  re search di rected at ga i n i n g  an  

u nderstand i n g  o f  the  rel at i on s h i p s  between components o f  the system, 

p r i ma ri l y  i n  orde r  to u nderstand  the mechan i sms underly i n g observed 

system beh a v i ou r . Sy stems synthe s i s i n vo l ves  the formu l at i on o f  

i mp roved  sys tems ei t her  ba sed  o n  hy potheses about system beh a vi ou r 

der i ved f rom k now l ed ge o f  component behav i ou r  ga i ned du r i n g  ana ly s i s  

( a s  i n  a l t er i n g  mana gement deci s i ons  t o  i mp rove system performance ) ,  

o r  i n  the  des i gn of a new sy s tem, say by e xtendi ng system bou ndary to 

i nc l u de ot h e r  component s ( e . g . i nt rodu c i n g  forage croppi n g  to  da i ry 

systems , (M i l l e r ,  1 983) ) .  

2 .3 . 2  Systems Research and the Researcher 

A t  t h e  resea rch sy stem l e ve l t he  res ea rcher and resea rch 

a dmi n i s t rator  a re the  i mportant components of  the system w i th soc i ety 

rep resent i n g t h e  envi ronment i n  wh i ch the sy stem operates (Towns l ey ,  

1 97 3b ) .  A s i mp l i f i ed  res ea rch sy stem rep resent i n g one resea rch 
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i n s t i t ut i on ,  ope rat i ng on a s i ng l e product i on system , i s  p resented i n  

2 F i g. 2.1 . 

The fu nct i on of the resea rch system i s  p r ima ri l y  to faci l i tate 

res earch management. The i mportant fl ows i n  F i g. 2.1 , a re i n fo rmat i on 

f l ows . These ca r ry p rob l ems and opport u n i t i es fo r resea rch , as we l l 

as resea rch goa l s ,  p r i o ri t i es and obj ect i ves. I n format i on al s o  

rep resent s t he  maj o r  output from the  system. 

Grei g ( 1981 } rev i ewed f i ve maj o r  funct i ons i nvo l ved i n  resea rch 

mana gement. These fu nct i on s , and some of the requ i rement s of the 

research system i n  re l at i on to these fu nct i ons , a re as fol l ows : 

( a )  P roposa l  I n i t i at i on :  Ma ny of the i deas for p ropos a l s 

o r i g i nate f rom the resea rcher  who t h rough h i s knowl edge of the 

p roduct i on system , and pe rcept i on of product i on system requ i rements , 

formu l at es resea rchab l e p rob l ems. Howeve r p roposa l s may a l so  be 

st i mu l ated by i deas and prob l ems posed by soci ety e i t he r  d i rect ly  

t o  resea rche rs o r  to  resea rch admi n i st rators (Towns l ey ,  1973b } .  

An i mportant funct i on of the  resea rch system i s  to ens u re the 

effect i ve commun i cat i on of these i deas and p robl ems to the 

res ea rche r. 

( b )  P roposa l  Eva l u at i on :  Eva l u at i on of propos a l s i s  a p re l ude 

to  the p ropos a l  bei ng  cons i de red fo r se l ect i on. It i s  u sua l l y  a two­

stage p rocess bei ng conduct ed fi rst at the resea rchers • l evel  and 

a ga i n at the  admi n i st rators• l evel . Eva l uat i on ca n take many forms 

ra n g i ng from deta i l ed econom i c  ana lyses of the l i ke l y  benefi t s  

a r i s i ng to soci ety ( o r  cert a i n members of i t )  shou l d  t h e  resea rch be 

2oi s cu s s i on wi l l  be confi ned to th i s  system wh i ch ope rates on the 
goa l s set for i t , and resou rces a l l ocated to i t ,  at the nat i ona l  
resea rch admi n i s t rat i on l eve l . 
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succes s fu l (Arnon , 1975 ) ,  t o  scor i ng methods3 or s i mp l e subject i ve and 

qua l i t a t i ve  judgements. 

I n  some i n s t i tut i ons formu l at i on of the ori g i na l  i dea i nto  a 

conc ret e p roposa l  may be a l l the eva l uat i on a p roposa l  i s  subj ect to  

( G re i g ,  1981 ) ,  pa rt i cu l a r l y  at the  resea rchers ' l evel . Compet i ng i deas 

a re often s i mp l y  s i fted i ntu i t i ve l y  by the researcher  before one 

p ropos a l  i s  fo rmu l ated. 

( c )  Sel ect i on: Th i s  s i mp l y  i nvol ves mak i ng the choi ce between 

p ropos a l s that a re compet i ng for a l i mi ted set of resou rces , usua l l y  

a t  the  admi n i s t rat i ve l evel . There are few examp l es i n  t he  l i te rat u re 

of who l l y  object i ve se l ect i on p rocedu res bei ng used by resea rch 

admi n i s t rators ( G rei g ,  1981 ) .  Th i s  i s  no doubt due i n  pa rt to dangers 

pe rce i ved i n  re l y i ng on the ' fa l s e '  sense of obj ect i v i ty engendered by 

sco r i ng  o r  ra n k i ng methods of as s i gn i ng va l ue to propos a l s ( Arnon 

197 5 ) .  

I n  most i n stances fi na l  choi ce  between proposa l s  depends on a 

subj ect i ve deci s i on made by the admi n i st�t o r ,  and i s  based on the 

evi dence p resented to him rega rd i ng  project importance or  va l ue. A 

we l l - reas oned and eva l uated p roposa l  i s  l i ke ly to be vi ewed more 

favou rab l y  than one wh i ch i s  not. 

( d )  I mp l ementat i on and Cont rol  of Resea rch Proj ect : Th i s  

i n vo l ves the  day-to-day matters re l ated to  the conduct of a resea rch 

p roj ect i n  the l aboratory o r  f i e l d ,  i nc l ud i ng organ i sat i on and 

schedu l i n g of st a f f ,  mater i a l s  and equ i pment. It  a l s o  i nvo l ves mak i n g 

per i od i c revi ews of proj ect prog ress and d i rect i on ,  pa rt i cu l a rl y  for 

l ong-term p roj ect s , and req u i res app ropr i ate j udgement s to be made 

about  fu tu re p roj ect d i rect i on and term i nat i on date. 

3scor i n g  methods ( e.g. Arnon , 1 97 5 ) emp l oy re l at i ve scores based on a 
subj ect i ve asses sment of the abi l i ty of the resea rch to meet a number 
of c r i t e r i a. 
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(e) D i s semi n a t i on: D i s semi nat i on i n vol ves  t he  commun i ca t i on o f  

resul t s . Fo r app l i ed resea rch , resu l t s  s hou l d  be i n  a form t hat  can 

be rea di ly adopted  by fa rme rs .  Th i s  i nev i t ab ly req u i res synt hes i s  of 

o l d and new k now l ed ge i n t o  u s ab l e sy stems . Sy nthes i s  is ge nera l ly 

h e l d  to  he the  respon s i b i l i ty of  the re sea rcher (A ckoff ,  1 962 ) .  

Medi a for d i s semi n a t i on common ly  i nc l u de f i e l d  day s ,  conferences and 

pub l i shed a rt i c l es i n  popu l a r  o r  s c i ent i f i c  journa l s .  Methods of  

synthes i s i n g  re su l t s ra n ge f rom i ntu i t i ve sy nthes i s  to fa rml et 

s tud i es . 

The e f fect i venes s of  resea rch mana gement  depends to a l a rge 

extent on t he effect i veness  of  t he i n fo rma t i on fl ows  i l l u st rated i n  

F i g . 2 . 1 .  The common reference poi nt for  commu n i cat i on i s  t he  

produ ct i on sy stem. I n forma t i o n on  prob l ems and opportun i t i es i n  the 

produ ct i on sy stem p rov i de the i n i t i a l  s t i mu l u s  for resea rch , and 

s o l u t i ons  mu st  be fed back i nt o  i t .  The va l ue of compet i n g resea rch 

p ropos a l s can on ly be ju d ged i n  re l at i on to l i k e ly effect s of a p i ece 

of resea rch on the produ ct i on sy stem,  and hence on the farmers and  

soc i ety .  

2 .4 .  THE USE OF MODELS I N  AGR ICULTURAL R ESEARCH 

Many of the d i ff i cu l t i es faced i n  t h e  management and condu ct of 

a gr i cu l t u r a l  resea rch i n  t h e  fi ne  t u n i n g  phase ca n be att r i bu ted  to 

t he l ack of a u n i fy i n g l a n gu a ge on w h i ch t o  ba se prec i se commu n i cat i on 

between t h ose  i n vol ved ( E bersohn , 1 9 76 ) .  F o r  e xamp l e  i n  the  a bsence 

o f  a common ba s i s  on wh i ch t o  q u a nt i ta t i vely eva l u ate  l i k e ly benef i t s  

t o t h e  sy stem o f  compet i n g  resea rch p ropos a l s ,  the sel ect i on o f  

p ropos a l s may be a su bject i ve dec i s i on based o n  i ntu i t i on .  

Oi f ferences be tween a n  admi n i s t rator  and  a researche r, i n  the 
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pe rce i ved i mp o rtance of a p i ece of resea rch , may be the on ly reas on 

for a p roposa l  be i n g ' r i gh t ly ' or  'w rongly ' di sca rded. D i ff i cu l t i es 

i n  a l l ocati n g  resou rces appear greatest  where ba s i c resea rch p roposa l s 

a re i n vo l ved {W a l sh ,  1 9 70 ; Fennessy , 1 983 ) .  

There appea r to  be t h ree u sefu l pu rposes wh i ch cou l d be serve d  by 

a model of the  p roduct i on system i n  the condu ct and ma nagement of 

a gri cu l tu ra l  resea rch . The  f i rst i s  as a focu s fo r commu n i cat i n g  and 

c�ordi nat i n g  ba s i c resea rch needs i n  rel a t i on to ou r abi l i ty to  

descr i be the  ent i re sy stem. The  second i s  as  an a i d  to synthes i s  o f  

resu l t s  i nto  i mp roved sy stems , a n d  the  q u a nt i t at i ve p redi ct i on o f  

system beha vi ou r u nder changed c i rcums tances . T he  th i rd i s  i n  

commu n i cat i n g  p r i ori t i es for the a l l ocat i on  of  resea rch resou rces . 

2 .4 . 1  C ommu n i cat i on Advantages offe red by Mode l s  1n Bas i c  Resea rch 

2 . 4 . 1 . 1  Mode l s  as Hypotheses 

A mathemat i ca l  model  rea l ly rep re sen t s  an hypothes i s of sy stem 

funct i on ,  s i n ce i t  i s  composed of hypothes i sed re lat i on sh i ps  among  

var i ab l es ( I n n i s et  !l·, 1 980 ) . The ma j o r  d i ffe rence between a 

mathemat i ca l  model  and a sc i ent i f i c hypot hes i s  i s  that the 

mathemat i ca l  mode l a l l ow s  the hypot hes i s  to be extended t o  a ' l a rge r 

s l i ce of l i fe ' , cove r i n g  p ract i ca l  s i tu at i on s  {S peddi ng ,  1 97 7 b , 1 980 ) .  

I n  t he  past these hypotheses about systems have been i n  t he  

d oma i n  of  q u a l i t at i ve reasoni ng {R a l dw i n  & Koon g,  1980 ) ,  owi n g  to  t h e  

h uman mi nd ' s  i nabi l i ty to t race accu rate ly the  quanti tat i ve o r  dy nami c 

i mp l i cat i on s  o f  a va i l a b l e  concepts  re l at i n g to  a comp l ex sy s tem. E ven 

w i t h  a mathemat i ca l  mode l howeve r ,  hypot heses re l ati ng  to  des c r i pt i on s  

o f  who l e  sy stems can be s o  comp l ex so  as  to make  them di ff i cu l t ,  i f  
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not i mposs i b l e ,  to  test . And  P a s s i ou ra ( 1 97 3 )  has argued  that for  

t h i s rea s on ma ny ecosystem l eve l mode l s do not qu a l i fy as hy potheses . 

T he  p ract i ca l  so l u t i on to  the comp l e xi ty probl em has  been  the  

deve l opment o f  t he  hierarchical app roach t o  mode l l i ng (Gooda l l ,  1 9 76 ) 

based on model  de ve l opment and t es t i n g  w i th i n  su bsystems of  the  

o vera l l sy s tem. The  publ i shed report s of Ba l dwi n  & Koon g ( 1 980 ) ,  and  

B l ack � �· ( 1 982 } test i fy to  the  s u ccess  of th i s  app roach i n  a gr i ­

cu l tu ra l  re sea rch . 

By v i ew i n g  a mode l  a s  an  hy pothes i s ,  or set of hypotheses , u se  of  

mode l s  i n  t he resea rch p rocess ca n be s een to  be con gruou s w i t h  

s ci ent i f i c  meth o d  ( Speddi n g ,  1 9 7 7b ; Hi l l e l , 19 7 7 ) .  Observa t i on of  t h e  

rea l sy stem i n  ope rat i on i s  fo l l owed by formu l at i on of an hypothes i s  

( a  mathema t i ca l  mode l ) to exp l a i n h ow  the system operates . Ne xt ,  

p redi ct i on s  of  sys tem beh a vi ou r  a re obta i ned f rom sol ut i on s  to  the 

mathema t i c a l  mode l  and  fi na l ly ,  experi mentat i on serves to test the 

va l i d i ty of  the mode l ' s  p redi ct i ons . 

A common feat u re o f  s t ud i es u s i n g  mathemat i ca l  mode l s i n  

a gri cu l tu re i s  t h a t  they are condu cted by mu l t i d i s ci p l i nary teams 

( e . g .  W ri ght et �. , 1 976 ; S i bba l d , 1981 } ,  ow i n g  to the s i z e a n d  

comp l e x i ty o f  t h e  model req u i red t o  encompass  pract i ca l  systems . One 

o f  the  maj o r  benef i t s  c l a i med  t o  a ri se f rom su ch mode l l i n g exerc i ses  

i s  i mp roved i nterdi s c i p l i na ry commu n i cat i on ,  t hrough i mproved 

u nderstand i n g of th e system by t h ose i n vol ved (W ri ght , 1976 ) .  A model 

p rovi des an  opportu n i ty for d i sc i p l i n a ry s peci a l i sts  to l ea rn ou t s i de 

o f  the i r d i s c i p l i ne (Wr i ght , 1 97 6 )  a n d  h e l p s  foster  i nterdi s c i p l i na ry 

co-opera t i on by p rovi d i n g  a focu s for  each s peci a l i s t on the  

s t ru ct u re ,  f u nct i on and  i nte rdependence o f  h i s comp onent subsystem 

rel at i ve to  the  w ho l e  sy stem (R o be rt s , 1 976 ) .  
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The benef i t s  of mode l s  to  the di sc i p l i n a ry speci a l i s t a re 

gene ra l ly  recogn i sed to  be h i ghest du ri n g  the  conceptua l  and  

const ru ct i on phases of  a model l i n g stu dy and  to  decrease  at  the  

commencement of  the operat i ona l phase  ( I n n i s � �·· 1 980 ) . I ndeed 

S i bba l d  { 1 981 ) reported that one of the most  u sefu l  model l i n g 

e xerci ses  condu ct ed hy h i s  grou p at HFRO i n  Scot l and , had t i l l  then  

not p rodu ced a work i n g computer  mode l . The  exe rci se had  howe ve r ,  he  

c l a i me d ,  l ed to  an  appreci at i on by those i n vo l ved of  the i s sues wh i ch 

needed to be reso l ved i n  order to  deve l op mo re effecti ve sy stems of 

graz i n g management .  

A second common concl u s i on to many model l i n g efforts i s  that some 

t h i n gs a re wel l k nown  but othe rs dese rve attent ion ( I n n i s � �·· 
1 980 ) , and th at the  mode l  const ruct i on exe rc i se p roved usefu l i n  

expos i n g  weak nesses i n  exi s t i n g  dat a (e . g . W r i ght et � • •  1 97 6 )  • .Th e  

l atter  i s  an often repeated bene fi t credi ted t o  mode l const ruct i on 

( I n n i s ,  1 97 5 ;  Robert s ,  1 97 6 ;  B rock i n gton , 1979 ; Dent & B l ack i e ,  1 9 7 9 ; 

Speddi n g ,  1 981 ; Wh i �emore , 1981 ) .  

T he re can be l i t t l e  dou ht that exposu re of i gnorance i s  an 

i mpo rt ant featu re of  mode l l i n g stud i es ,  but i t  i s  by no means u n i q ue 

t o  model l i n g .  F o r  i n st ance , any form of  i n tens i ve study ,  su ch as a 

revi ew of  the l i te ratu re re l ated to  the system i s  l i k e ly to y i e l d  a 

s i mi l a r  resu l t  (W r i ght , 1 9 76 ) .  What i s  d i ffe rent i s  that a model  

suggests  a f ramework wh i ch gi ves i n fo rmat i on a bout the sy stem pu rpose.  

I n ma ny cases l ack o f  a su i t ab l e means o f  u s i n g  the i nformat i on may 

have been a maj or rea son why t he i n format i on h ad not a l ready been 

obta i ned.  It i s  as a f ramewo rk for  the theoret i cal deve l opment o f  

d i s c i p l i nes  rel ated t o  agr i cu l tu ra l  p rodu ct i on systems t h at  pe rhaps  

t he g reatest potent i a l for mode l s l i e s .  
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2 . 4 . 1 . 2  M o de l s  in  the  Deve l opment of Theo r i es 

B ecau se  ment a l  mode l s  h a ve bee n  t h e  p r i nci pa l  tool s for 

1u i d i ng  re sea rch and  i nt e rpret i n g re su l t s ,  t he  tendency has been to 

:ocu s on i n d i v i du a l  p roces ses  that  cou l d  be eas i ly understood and  

:ommun i cated ( E be rsohn , 1 9 76 ) .  R esea rch on  sy stem component s has  

,een domi nated  by the  l aw of the  l i mi t i n g concept , where an  at tempt  

tas made to  f i nd the  most  l i m i t i n g  facto r  and  remove i t  (Ebe rsoh n ,  

l976 ) .  Where t h e  effect s o f  i n d i v i du a l  p roces ses ha ve been stu d i ed i n  

Is o l at i on by mi n i mi s i n g  non-t reatment  va r i ance , wi thout rega rd for 

Jnde rstand i n g  the  factors affect i n g abso l ute  responses , it  has  been 

ii ff i cu l t  to e xt rapol ate resu l t s  to other  en vi ronment s {Revfe i m ,  

l980 ) .  To i dent i fy fa rm l e ve l f a ct ors a ffect i n g the economi c 

Je rforma nce of  new techno l ogy ,  i t  may be necessary to resort t o  

�xten s i ve fa rm l e ve l  t es t i n g  { S a n de rs � Ly nam, 1 982 ) . 

O n ly hy a s semb l i n g mJch of  the  fra gmented knowledge on sy stems 

components  i nt o  a sou nd f ramewo rk of theory i s  i t  pos s i bl e  t o  s pe l l  

put fu rt her  component resea rch i n  a cohe rent manner,  wh i l e a t  the  s ame 

t i me mak i n g p ro vi s i on for  i t s app l i ca t i on .  I n  th i s context a model  

appears u s e fu l  i n  he l p i n g  answe r the  quest i ons : can ou r present 

know l edge e xp l a i n sy stem behav i ou r ,  a nd  what i s  the i mportant 

know l edge req u i red t o  a l l ow sy stem beha vi ou r to be stu d i ed? 

A t  t h i s  s t a ge however t h e re e x i s t s  no  genera l ly accepted mode l  of 

g raz i n g o r  a n i ma l  p rodu ct i on sy stems , rat her  there have been a number 

o f  mode l s  rleve l oped by sep a rate resea rch teams (see Se l i gman , 1 97 6 ;  

Chu d l e i gh & Cez a r ,  1 982 ) .  

R e l u ctance  t o  u s e  othe r  peop l e's mode l s  may be i n  part due  t o  the 

l a rge a rt i s t i c ,  o r  c reat i ve ,  component to mode l const ru ct i on ( Bak e r  & 

Cu rry ,  1 9 76 ) ,  a n d  the  l i k i n g for  one ' s  ow n  creat i on .  Howeve r ,  i n  
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part , the  appa rent re l u ctance may be  we l l  fou nded. I n  a pu rely mecha­

n i ca l  sen se di ffi cu l t i es ari s e  th rou gh ' u ser  u n f r i endl i nes s ' ,  and i n  

get t i ng  ' h i s  p rogram t o  ru n on rry mach i ne '  ( F o rbes ,  1 981 ) ,  bu t mo re 

i mpo rtant dangers are i n he rent i n  u s i ng  mode l s  where the u s e r  i s  not 

fu l ly conve rsant wi th the l i mi t at i ons and shortcomi ngs of the mode l 

( W h i tlemore , 1 981 ) .  Commu n i cati on of al l the  det ai l e d aspects re l at i n g 

t o  as sump t i on s  and sh ort comi n gs i n  a comp l ex mode l , and of how to  u s e  

i t , i s  not an easy task . 

I t  s eems l i ke ly then that for  s ome t i me at l east , the ma i n  u se of  

mode l s  wi l l  be to re f l ect personal  rathe r than  broad gene ra l theori es . 

A s  s u ch thei r u t i l i ty i n  gu i d i n g component resea rch i s  p robably best 

compa red w i th the va gue and ambi gu ou s menta l  i mages p revi ou s ly  u sed 

( E b e rsoh n ,  1 9 76 ) .  However  the deve l opment of  persona l mode l s  and the  

poss i bl e rea l i sat i on of  accepted theoret i ca l  formu l at i on s  c l ea r ly ­

req u i res that  these mode l s  be publ i s hed.  

2 . 4 . 2  Mode l s  as an a i d to Generat i n g  System Hypotheses 

A u se of  mode l s wh i ch has rece i ved wi de--sp read acc l a i m  i s  i n  the 

generat i on of  quant i tat i ve hypotheses about the sy stems they de scr i be 

( S peddi n g ,  1 97 7b ; Penn i n g  De Vri es , 1 9 7 7 ; Ba l dw i n & Koon g ,  1980 ) .  I n  

t h i s  rol e c l a i med and rea l i s ed app l i cat i ons o f  mode l s i nc l u de :  

e va l u ati on o f  ou tput f rom proposed sy stems i n  re l at i on t o  exi s t i n g  

systems (W ri ght ,  1973 ) ,  gene ra l  exp l o rati on o f  systems a s  a mean s  of 

i dent i fy i n g  s uper i or ' best  bet ' sy stems for f i e l d tes t i n g  {W r i ght et 

�. , 1 976 ) ,  determi nat i on of req u i red economi c condi t i ons  

( i nput/output p ri ces ) for  su bopt i ma l  sy stems t o  become rel evant 

(W r i gh t ,  1 9 7 3 )  and ext rapo l at i on of  sy stem e ffects , a s  s hown i n  f i e l d  
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stu di es , over l on ger t i me ( c l i mate )  s equences , and to other  s i tes 

( Se l i gma n & Arnol d ,  1980 ) . 

T h e re i s  howeve r t h e  p robl em that a mode l i s  i t sel f an 

hypot hes i s ,  and  Va n  K eu l en ( 1 9 76 ) cau t i ons a ga i nst  cl a i mi n g  any such 

benef i t s  u nt i l the mode l h a s  been ver i f i ed . 4 Th i s is  an i mportant 

po i nt , but i t  mu st be appreci ated  that a model i s  by des i gn a 

s i mp l i f i ca t i on o f  the  rea l  sys tem, and  we can  not asp i re to  rep l a ce 

e xper i mentat i on i n  the  rea l  sys tem (Se l i gma n & Arnol d ,  1 9 80 ) , even i f  

e xp e ri mentat i on i s  condu cted  so l e ly to test  hy potheses generated 

by the mo de l  (Speddi n g  ?.. B rock i n gt on , 1 976 ) .  

T h e  a d vantage f rom u s i n g  a model  t o  generate sy stem hypotheses , 

comp a red t o  i ntu i t i ve p roce s se s , i s  th at reasons  for i mp rovement i n  

t he  hypot hes i zed  system can , i f  des i red ,  be q uant i tati vely rel ated t o  

t h e  concept s and  assumpt i on s  rep resent i n g  ou r state o f  k now l ed ge 

a bout sy stem comp onents . The  ' rea sonab l e nes s ' of these as sumpt i on s  

can b e  more eas i ly debat ed t h an s u bject i ve not i ons ahout rea sons for  

hypot he s i sed sy stem i mp ro vement .  

H a v i n g  accepted t h a t  a mode l  may be  u sefu l f o r  t he  pu rpose of 

gene rat i n g quant i tati ve sy s t em hypotheses , the advantages l i sted 

i n i t i a l ly a l l re l ate  i n  s ome way to i n creas i n g  the speed o f  the  

e vo l u t i ona ry p rocess  whe reby i mp roved graz i n g  sy stems are de ve l oped . 

The l i mi t i n g steps i n  th i s  p rocess a re u sua l l y  the  test i n g  of system 

hypot heses  and  ou r ab i l i ty t o  redu ce compet i n g hypotheses about new , 

a nd pos s i b ly i mp roved sys tems , to a mana geab l e set . 

O ne  app roach to  tes t i n g  these  hypotheses has been the  

l a rge-s ca l e , factor i a l  fa rml et exper i ment compa ri n g  a number o f  

sy stems ( e . g .  Sheath et �. , 1 984 ) .  P rogress u s i n g  th i s approach 

4Va l i dat i on and ver i f i cat i on a re di s cu ssed i n  C hapter 3. 
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can he s l ow thou g h .  Any more than  a few of  the l a rge number of 

pos s i b l e  t reatment s ,  and a mi n i mu m  number o f  repl i cat i ons , ma kes su ch 

e xperi men t s  t oo expens i ve of phy s i ca l  resou rces . Then , once the 

e xperi ment  has been set u p  i t  mu st be ru n for a number of  yea rs so  as 

to eva l u ate  i nteract i ons  between t reatment s and yea rs w i t h d i f fe rent 

c l i mat i c  condi t i on s  (Se l i gma n � A rnol d ,  1980 ) . Furthe r ,  comp a ri sons  

may be h i n de red by p rob l ems of l ack of homogene i ty of  the  experi ment a l  

s i te ( e .g-. McKi nney et �. , 1 9 78 ) . O i ffi cu l t i es a l so ar i se i n  deci d i n g  

wh i ch dat a  to  co l l ect t o  effect i ve ly  mon i tor  t h e  system. Fi na l ly ,  

repet i t i on i n  a numbe r of l ocat i ons  w i th , for examp l e ,  di fferent so i l 

types , may be neces s a ry to  assess  the  genera l i ty of con c l u s i ons 

( Se l i gman � A rnol d ,  1 980 ) .  

A secon d app roach has i n vo l ved the u se  of a si n gl e evo l u t i on a ry 

f a rml et (e . g .  Towns l ey ,  19 73c ; Hut ton , 1 97 3 )  on whi ch an att empt i s  

made t o  sy nthes i se component i n fo rma t i on i nto  an i mp roved sy stem. 

T h i s  app roach re l i es on i ntu i t i on i n  deci d i n g  on the best dec i s i on s  to 

i mp l ement . H oweve r ,  p rob l ems a ri se  in di scern i n g  cau se and ef fect i n  

t hese sy stems s i nce there i s  no cont rol sy stem. A l s o ,  eva l u at i ons  

rega rdi n g  system i mp rovement mu st be made i n  qua l i tati ve t e rms 

( E be rsoh n ,  1 9 7 6 ) .  Wh i l e  the app roach a l ready appea rs to  be ve ry 

u sefu l f o r  demons trat i n g  i mp roved systems to fa rmers , i f  theoret i ca l  

cause a n d  e f fect for i mp roved sy stem performance cou l d  be e stab l i s hed 

o n  a mode l ,  the expe ri mente r may be i n  a better  pos i t i on to  dete rmi ne 

c r i t i ca l  va r i abl es  to monitor  i n  t he f i e l d (W ri ght , 1 9 73 ) ,  thu s 

e xtend i n g  the  domai n of such an app roach i nt o  the test i ng of  

hypotheses . 

T h e re i s ,  however ,  st i l l  a n otab le  l a ck of reported use of  

model l i n g i n  the context s  descr i bed above , and hence many of  the  
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c l a i ms rema i n s pecu l at i ve .  A l s o  attempts  to eva l ute these c l a i ms mu st 

o f  neces s i ty he subject i ve s i nce there i s  no way of defi n i n g  

a ccu rate ly the  cou rse resea rch wou l d h a ve t aken i n  the absence of  

mode l l i n g .  

2.4 . 3  Resea rch E va l u at i on 

The  d i ff i cu l ty o f  t h e  task  of choos i n g between speci f i c  research 

p rojects i s  evi dent f rom a number  o f  i nt e rnat i on a l  confe rences devoted 

to the t op i c  (OECD , 1 97 0 ; F i she l , 1 97 1 ; A rndt � �. ,  1 97 7 ) .  

D i f f i cu l t i es wi t h � a nte eva l u at i on o f  resea rch propos a l s ari s e  

f i rst ly  i n  a s ses s i n g  t he p robabi l i ty o f  su ccess of the resea rch , that 

i s , the p roba bi l i ty th at the research wi l l  ach i eve the des i red 

resu l t s .  T h i s  mu st o f  neces s i ty be a su bject i ve judgement . Next i s  

t he p roblem of es t i mat i n g benef i t s  l i k e ly t o  ar i se from the resea rch 

a n d ,  f i na l ly ,  there i s  the  p robl em of est i mat i ng the probabi l i ty of 

i t s a dopt i on .  

A n d e rson ( 1 97 2 )  a n d  G re i g ( 1 981 ) h a ve both di scu s sed t h e  pos s i b l e  

u se o f  a model  o f  the  p rodu ct i on sy stem for p rospect i ve asses sment o f  

compa rat i ve ret u rn s  f rom speci f i c a gri cu l tu ra l  resea rch p roject s 

condu cted  i n  one p rodu ct i on system. A measu re of benefi t to  the  

system ( u s u a l ly economi c )  cou p l ed w i th s ome as ses sment of adopt i on 

rate appea rs q u i t e  sat i s fact ory where p rodu ct i on f rom the sy stem i s  

l a rge ly exported , an d a n  i n c rea sed s upp ly of product can be a s sumed t o  

h a ve l i tt l e  effect on p r i ces  rece i ved.  

A dopt i on rates  of new technol ogy by fa rmers a re l i k e ly t o  be 

i n f l u enced by a numbe r of factors , some of wh i ch a re l i sted by 

S ph a ri m � Se l i gman { 1 983 ) . However t h e  potent i a l  i mpact of new 

t e chno l o gy on the i nput/output  rat i o  ( e . g .  economi c benef i t )  of  the 
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product i on sy stem i s  l i k e ly  t o  be o f  maj o r  i mportance i n  esta b l i s hed 

fa rmi n g  areas  ( S chu l tz ,  1 97 1 ) .  

Two part i cu l a r  s i tuat i ons rega rd i n g  the u se  of a product i on 

system mode l i n  eva l u at i n g  resea rch a l ternat i ves bear  some comment . 

The  f i rst i s  where , fol l ow i n g  con st ru ct i on of a mode l to a l l ow sy stem 

beha v i ou r  t o  be s tu d i ed ,  the model i s  fou n d  to  be i n va l i d . I n  t h i s 

s i tu at i on there w i l l  u sua l ly be a number o f  a reas of i gnorance 

represented i n  the  model by assump t i on s .  The cu rrent method su ggested 

for  e va l uat i n g the  re l a t i ve i mportance of  va ri ou s assumpt i on s i s  

s en s i t i v i ty a n a ly s i s  of the change i n  pre d i cted  sy stem pe rformance , to  

a ch a nge i n  an  a s sumpt i on (Dent � B l a ck i e ,  1 979 } .  The greater  the  

s ens i t i vi ty ,  the  greater  i s  the  pr i o r i ty to  test the  assumpt i on 

( Stu rgess , 1 97 2 ) .  There i s  however a prob lem wi th th i s  argument  i n  

t h at wi th an i n va l i d  mode l ,  sens i t i v i ty t o  a g i ven assumpt i on may be 

due t o  an i ncorrect assumpt i on i n  anothe r pa rt of the mode l . T h i s i s  

d i scu ssed more fu l ly i n  Sect i on 3. 4 . 4 .  

T he secon d s i tuat i on i s  where the  model i s  cons i dered va l i d . I n  

t h i s  case i t  i s  pos s i b l e  t o  recogn i se two fu rt her types o f  resea rch 

t hat a mode l wou l d  be u sefu l  i n  eva l u at i n g .  The f i rst , fo r wh i ch an 

e xamp l e  i s  p rov i ded hy both Spha ri m & Se l i gman ( 1 983 ) ,  and  M i l l e r  

( 1 983 ) ,  i s  i n  t h e  eva l u at i on of  rewards f o r  i nt roduc i ng  i nnovat i ve 

t echno l ogy t o  a sy stem. The second i s  i n  the s ett i ng of t a rget s for 

n ew ,  or  ' hy pothet i ca l ' ,  techno l ogy of the  type referred to  hy Fennessy 

( 1 983 } , such  a s  phy s i ca l ly , chemi ca l ly or  genet i ca l ly a l ter i n g  the  

p hys i o l ogi ca l p otent i a l  o f  components of the sy stem. Howeve r i n  

e va l uat i n g  resea rch p roposa l s  ai med at  p rovi d i n g  the techno l o gy t o  

a ch i e ve these  t a r get s ,  a great dea l o f  we i ght wou l d  need t o  b e  p l a ced  
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on s u bject i ve a s se s sment of the p roba bi l i ty of succes s of the  

research . 

2.5 SUMMARY 

I n  th i s  Chapter  s ome o f  the ba s i c  sy stems concepts have been 

revi ewed , a n d  t h e  pos s i b l e  u ses of  mat hemat i ca l  model s i n  agri cu l tu ra l  

resea rch h a ve been con s i dered.  

P o s s i b i l i t i es for the  appl i cat i on of  systems concepts i n  

a gri cu l tu ra l  resea rch were seen t o  exi st  at two l eve l s .  The f i rst was  

t he p rodu ct i on sy stem i n  whi ch t h e  resea rche r ' s  work i s  embedded .  The  

s econd was  the  resea rch system i n  wh i ch the  re sea rcher i s  component , 

i nteract i n g  wi t h  oth e r  res ea rche rs , admi n i s t rators and soci ety . 

A mode l of  the  p rodu ct i on sy stem was s een to have a number o f  

p otent i a l ro l e s i n  i mp rovi n g  t h e  eff i c i ency o f  the i n format i on f l ow s  

on  whi ch the  research system i s  ba sed.  Th e  fi rst was i n  the 

t heoret i ca l  devel opment  of top i cs re l ated  to a gr i cu l t u ra l  sy stems . 

Here ,  t h e  mode l ( a s  a hypothes i s )  p rovi des  a focu s for commu ni ca t i n g  

a nd co-o rd i n at i n g component resea rch needs i n  re l at i on t o  ou r a b i l i ty 

t o  de scr i be the  sy stem. The second was  a s  an  a i d  to synthes i s i n g  

i mp roved sy stems and  the  t h i rd was  i n  estab l i s h i ng  pri ori t i es fo r  the  

a l l ocat i on o f  resea rch resou rce s .  

I n ea ch o f  these  rol e s  i t  was s u ggested  that model u t i l i ty may be 

best comp a red w i th  the  u t i l i ty o f  ou r ment a l  model s of the  sy stem. 

T h e  next C h apter i s  devoted f i rst ly , t o  i s sues faci n g  the u se o f  

mathemat i ca l  mode l s  i n  a resea rch p rogramme and  secondly , t o  a re vi ew 

o f  some graz i n g sys tem mode l s . 
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Chapter 3 

MODELL I NG PROCEDURES AND A REV I EW OF SOME GRAZ I NG MODELS 

3 . 1  I NTRODUCT I O N  

I n  t h e  prev i ou s  chapte r  i t  was conc l uded that mathemat i ca l  

mode l l i ng had a potent i a l  rol e t o  p l ay i n  the agri c u l t u ra l  resea rch 

p rocess. The d i s cus s i on i n  th i s  chapter  covers some cons i derat i ons  

re l ated to undertak i n g mode l l i ng i n  a resea rch programme. Then a 

number of s i mu l a t i on model s rel evant to t h i s study wi l l  be d i s cu s sed.  

The re are many reports  i n  the  l i t e rat u re wh i ch out l i ne i n  deta i l 

p rocedu res to be app l i ed i n  conduct i ng a model l i n g study ( see , e.g. 

Dent & Bl ack i e ,  1 979 ; Brock i ngton , 197 9 ) .  It i s  not the i nt ent i on of 

th i s  ch apter to re i t erate these i n  depth. Rather an attempt i s  made 

to h i gh l i ght i mporta nt dec i s i ons to be made i n  such a study and t o  

deve l op some o f  t h e  prob l emat i ca l  i s s ues fac i ng the group or 

i nd i v i du a l  i n  ma k i ng these deci s i ons. 

The broad sequence of event s i nvo l ved i n  a mode l l i ng st udy i s  

out l i ned i n  F i g. 3 . 1  and i t  i s  proposed to d i scuss the process  i n  

th i s  order. I n  p ract i ce ,  howeve r ,  th�re i s  not al ways a ri g i d 

p rogress i on th rough  to exper i mentat i on on the  mode l .  After  i n i t i a l 

con st ruct i on ,  the  mode l l e r i nteracts constant ly  wi th  h i s mode l and  may 

move backwards and  forwa rds between the stages i n  F i g. 3 . 1 .  

3 . 2  DEF I N IT I ON OF OBJECTIVES FOR A MODELL I NG EFFORT 

The need for a c l ear  defi n i t i on of obj ect i ves i n  a mode l l i ng 

study has been wi d e l y  empha s i sed as a cr i t i c a l  f i rst step 

( e.g. Bak er & Cu r ry ,  1976 ; Mor l ey ,  1977 ) .  Object i ves are i mportant  

wi th  respect to dec i s i ons requ i red on : l eve l  of  component 
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F I GURE 3 . 1  Sequence o f  event s i n  model l i n g 
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rep resentat i on ,  p l acement of system bou ndary and defi n i t i on of an end 

po i nt to mode l  deve l opment. It i s  gene ra l l y  hel d that the dec i s i ons 

re l ated to these are most eas i l y made when a model is const ructed i n  

response to a speci f i c quest i on or probl em ( B rock i ngton , 1979 ) .  

However i n  a res earch context , pr i or  recogn i t i on of al l quest i ons to  

be asked of a model wi l l  be  di ffi cu l t  ( Benyon , 1972 ) .  F u rthe r ,  

t a i l or i ng  a model t o  answer a speci f i c  quest i on may be undes i rab ly  

res t r i ct i ve ,  es peci a l l y  i f  t�i s prec l udes the  model from bei ng used t o  

a nswer ' new ' quest i ons wh i ch ar i se  i n  the constant ly  evo l v i ng resea rch 

env i ronment ( I nn i s  � �. ,  1 980 ) .  Where model s are devel oped wi th 

reas onab ly  broad obj ect i ves , as most  research model s are , the g reatest 

requ i rement i s  to gu a rd aga i nst recogni s ed ri s k s  du ri ng model  

deve l opment. 

Fou r ri s ks  assoc i ated w i t h  extens i ve mode l  devel opment , out l i ned 

by Morl ey ( 1 9 7 7 ) ,  a re : ( 1 )  pre-occupat i on wi th  model l i n g and computer  

tech nol ogy as ends i n  thems e l ves rather than  as a tool i n  the resea rch 

p rocess , ( 2 )  emphas i s  on pa rts of the system wh i ch a re most 

i nt e rest i n g or amenab l e to  mathemat i ca l  formu l at i on ,  but wh i ch may not 

be maj or  determi nants of  the  eff i c i ency of the system , 

{ 3 )  di s t ract i on from fi e l d experi ments des i gned to i mp rove or va l i date 

the  mode l , { 4 }  neg l ect of resea rch a imed at  produc i ng new 

techno l ogy such  as the devel opment of new chemi ca l  compounds to 

man i pu l ate p l ant or an i ma l  p roduct i on. 

One app roach wh i ch has been su ggested to i mpose the requ i red 

d i s c i p l i ne on model deve l opment i s  to set a t i me l i m i t  {Wr i ght , 

1 9 7 6 ) .  Anot her  i s  to stop when the mode l  passes ce rta i n stat i st i ca l  

c r i t eri a ( F i ck , 1980 ) .  



25  

3 .3  MODEL CONSTRUCT ION  

A number  of genera l  con s i de rat i on s  rel ated to the  constru ct i on 

a nd de ve l opment of  s i mu l at i on mode l s a re covered by Shannon ( 1 9 7 5 ) .  

C on s i de rat i ons wh i ch wa rrant spec i a l  d i s cu s s i on i n  rel at i on t o  the  

con s t ru ct i on and  deve l opment of  a s i mu l at i on model for  u se  i n  t he  

resea rch p roces s  i nc l ude :  

( i } The s t rategy for  mode l const ru ct i on 

I n  most  cases a mode l wh i ch i s  to be u sed i n  the resea rch p roces s 

w i l l  evo l ve ove r  a re l at i ve ly l on g  per i od of  t i me ,  and may be 

deve l oped by a number of  resea rchers ( I n n i s  et �. , 1 980 ) .  There a re 

two genera l paths  a l o n g  wh i ch  mode l con s t ru ct i on and devel opment may 

e vol ve . They are k nown respect i ve ly as t he  top-down and the  bottom-u p 

approaches  to  model l i n g (Van  Dyne & Abramsky , 1 97 5 ) .  

W i th t h e  t op-down app roach t h e  stru ct u re o f  the who l e  mode l i s  

b ased o n  a se r i es of i n i t i a l ly determi ned objecti ves for the  mode l .  

T he  coarse  featu res of  the  sys tem a re mode l l ed f i rst wi th  mo re and  

more deta i l  bei n g  a dded as  nece s s a ry .  I n  p ract i ce the t op-down  

r approach req u i res that  a l a rge sy stem be  d i vi ded i nto a number o f  

s mal l er sub-sy stems fo r f i rst ly , e a se  of  mode l deve l opment and 

e va l u at i on ,  and second ly , whe re a group i s  i n vol ved , as a means of  

i n vo l v i n g  each  i nd i vi du a l  group membe r i n  h i s  area of expert i se 

( Gooda l l ,  1 97 6 } .  Ry d i vi di ng a sy stem i nto  s ub-systems on a 

h ei rach i a l , o r  nested bas i s ,  Gooda l l  ( 1 97 6 ) h a s  su ggested that  va ri ou s 

s u b-sy stems ca n be se l ected t h a t  l en d  t hems e l ves to treatment at  
i t d i fferent l e ve l s  of  comp l e xi ty .  Accordi n g  t o  the object i ve-cent red 
I 

1 h e i ra rch i a l  approach  descr i bed by Speddi n g  ( 1 975 } ,  component  

I s u b-sys tems can  be def i ned th at req u i re spec i f i cat i on i n  greate r  or 
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l es ser  rleta i l  depend i n g  on the i r i mportance i n  rlefi n i n g  a cent ra l  

obje ct i ve .  

T h e  bot tom up  app roach sta rt s  by an i ndependent and  det a i l ed 

mode l l i n g  of  the i n di vi du a l  s u b-systems wh i ch a re to  be j o i ned 

together  at a l at e r  date . The advocates of  the bottom-up app roach  

s uggest  that  i t  i s  on ly once the  deta i l ed  s u b-sy stem mode l s  can be 

thorou g h ly va l i dated shou l d  one p ro gress t owa rd s  a tot a l  sy stem mode l 

( I n n i s et �. , 1 980 } .  Howe ver th i s  app roach potent i a l ly s u ffers  f rom 

the  l a ck of a cent r a l  pu rpose ,  a nd  forgoes s ome stru ctu ra l  

o rgan i s at i on compared t o  t h e  top-down app roach . The re i s  a l s o  t h e  

dange r o f  i ndi vi du a l s cont i nua l ly i ncreas i n g the  compl exi ty of  the i r 

sub-mode l s ,  wh i ch may rep re sent an  i neff i c i ent u se of resea rch 

res ou rces . There may a l s o be d i f f i cu l t i es i n  u n i t i n g  i ndependent ly 

deve l oped su b-mode l s i nto a tot a l  sy stem mode l ( I n n i s � �. ,  1980 ) .  

F i n a l ly , t he  t i me req u i red t o  sat i s fy the object i ve of deta i l ed 

rep resent at i on of a l l su b-mode l s  l a r ge ly re l e gates the bottom-u p 

approach i n to  the  rea l ms of i mp ract i cabi l i ty where the de ve l opment of 

l a rge sy s tem mode l s  are conce rned . 

( i i )  Leve l  of  bi o l ogi ca l  comp l exi ty 

T he l e ve l  o f  b i o l o gi ca l  comp l exi ty of  a model depends l a r ge l y  

on t h e  l e ve l a t  wh i ch the p roce s s e s  mak i n g u p  t h e  mode l , a re def i ned . 

P roces s es a re wel l def i ned when rep resented i n  chemi ca l o r  phy s i ca l  

te rms ( Thorn l ey ,  1 9 76 ) .  However l i t t l e  i s  u n de rstood o f  mos t  

bi o l o g i c a l sy stems i n  such te rms { Se l i gman � Arnol d ,  1980 ) ,  a n d  e ven 

i f  they we re , representat i on of  a l a rge sy stem in these te rms wou l d  

resu l t  i n  a n  ext reme ly comp l e x  mode l .  P ract i ca l  deci s i on s  a re 

t he refore requ i red on the  choi ce o f  emp i ri ca l  rel at i on s h i p s  
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{ a g gregat i ons of ba s i c  p roces ses ) ,  w i t h  wh i ch to  represent t he  

b i o l og i ca l  p roces ses . Where pos s i b l e  i t  i s  general ly advi s ed to  

rema i n w i th  phy s i o l o gi ca l ly  accepted re l at i on sh i ps {Se l i gma n  & A rnol d ,  

1 980 ) t hat  h a ve been wel l stu di ed and  h a ve ach i eved genera l 

a cceptance (e . g .  photosy nthes i s  rate/radi at i on  i n ten s i ty fu n ct i on s ) .  

O ften , h owe ver ,  s ome re l at i on s h i p s  constru cted speci fi ca l ly for the 

mode l w i l l  be req u i red ( e . g . ma ny of the re l at i on s h i p s  w i th t i me ) .  

C omp l exi ty s hou l d  u s u a l ly beo greatest i n  those component s of the  

model  most  i mp ortant t o  t he  cent ra l o bject i ve .  I nc reased comp l ex i ty 

i s  u su a l ly assoc i ated w i t h  i n c rea sed rea l i sm ,  a l thou gh t h i s  does not 

automat i ca l l y  fo l l ow ( Se l i gma n & Arno l d ,  1980 ) .  Comp l e x  components 

w i l l  be open to  feedback f rom ot her  components i n  the model . I f  the 

feedback mechan i sms a re not mode l l ed correct ly the mode l may be l ess 

a ccu rate  t h a n  i f  the component wa s represented i n  l ow res o l u t i on ( i . e .  

t h e  comp onents  a re t reated  a s  bei n g  i n sens i t i ve t o  feedback f rom othe r  

c omponent s ) .  Low res o l u t i on i s  su i t a b l e  for defi n i n g peri phera l  

c omponent s t o  t h e  system ( e . g . soi l fert i l i ty status i n  a p l a nt /an i ma l  

sy stem ) .  The  maj o r  p rob l em  w i th rep resent i n g components i n  l ow 

reso l ut i on i s  l o s s  o f  genera l i ty .  Components t reated i n  l ow 

res o l u t i on may often need t o  be tuned t o  a spec i f i c s i te to a l l ow the 

mode l t o  perform reason a b l y . 

( i i i )  Stochast i c i ty 

A n a l most  t ot a l  d i s re ga rd fo r the i nc l u s i on o f  endogenou s 

s tocha st i c  re l at i on sh i p s i n  pu b l i s hed s i mu l a t i on mode l s h as been noted 

by Ande rson { 1 976 ) .  A n de r s on a rgues for the need to  i nc l u de 

s tocha s t i c re l at i on s h i p s  i n  a mode l to  represent u ncerta i nty where i t  

a ri ses . O n l y  i n  t h i s way , h e  a r gu es ,  can one tota l ly ref l ect the 

p resent degree of  understand i n g  of  t he mode l l ed system by i nc l u d i n g  a 
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mea su re of the  pe rcei ved ri sk a s soc i ated wi t h  a parti cu l a r mode of  

system opera t i on .  

A maj o r  pa rt of  the  p rob l em wi th  determi n i st i c  mode l s  i s  t h at 

t hey a re i ncomp l ete  ( i n the determi n i st i c  sens e )  owi n g  to 

u n ce rtai nt i es i n  the est i mates of pa rameters and va ri ab l es i n  t h e  

mode l . 1 Th e  determi n i s t i c  app roach attempts t o  represent p roba bi l i ty 

d i s tri but i ons  re l ated to  est imates of a vari ab l e ,  or pa rameter ,  by i t s  

mean .  When t h e  p remi ?e - t hat t h e  chosen mean va l ue rep resents  the 

u nderly i n g  s i tu at i on - i s  wron g, one a rgument i s  that u nderstand i n g  

ga i ned from u s i n g the mode l wi l l  not ref l ect the rea l  worl d s i t uat i on . 

B u t  by u s i n g  a stochast i c  app roach ( e . g .  Anderson , 1 97 6 )  fu l l  u se may 

be made of i n format i on a bout the  ' e rror ' associ ated wi th  these  

e st i mates ( i . e . t he q u a l i ty of  the  i n fo rmati on ) ,  i n  obt a i ni n g  mean 

system respon ses . 

nesp i t e  t he persu a s i veness of these a rguments there a re s ome 

i mportant p ra ct i ca l  p robl ems assoc i ated  w i t h  the use of  the s tochast i c 

a pproa ch .  The  f i rst i s  that the i n c l u s i on of  stochast i c re l at i on sh i ps 

i n  a mode l p resu pposes the exi stence of  su i t ab l e  data from wh i ch such  

rel a t i ons h i ps may be est i mated {M i l l e r ,  1 983 ) .  As  we l l ,  there i s  the 

p rob l em noted  by Cha r l ton  & Thomson ( 1 9 70 } that i nc l u s i on of 

stochast i c  pa rameters and  vari abl e s  i n  a model  great ly expands  the  

n umber of  computer  ru n s  requ i red t o  determi ne a respon se  w i th 

c onfi dence . A t h i rd probl em re l ates t o  the  abi l i ty of most  mode l  

bu i l de rs to  i n c l u de rea l i s t i c  stochast i c i ty i n  thei r a l rea dy comp l ex 

mode l s of bi o l o gi ca l sy stems . At l ea s t  W ri ght ( 1970 } , has  a d vi sed 

a ga i nst  i nc l u di n g  stocha st i c featu res u nt i l  the ba s i c  mode l s t ru ct u re 

h as been deci ded upon . 

1They may a l s o be i ncomp l ete where t ru ly random proces ses exi s t ,  such 
as  the rol l o f  a di ce.  These a re excepted f rom th i s  di scu ss i on ,  s i n ce 
i t  i s  ack n ow l edged that su ch processes  can  on ly be fu l ly e xp l a i ned  by 
t he approp r i ate  f requency di s t ri but i on .  
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A ma j o r  pa rt of Anderson ' s  case for i nc l ud i n g  stochast i c i ty was 

a i med at p rov i d i n g  comp l ete  i nformat i on on  r i sk  and unce rta i nty for 

t he economi c dec i s i on mak e r .  I n  t he  resea rch context the u s e  o f  

s tochas t i c mode l l i n g ,  e xcept a s  noted i n  footnote 1 and i n  the case  o f  

e xogenou s va r i ab l e s  s u ch a s  rai n fa l l ,  may p ro ve di stract i n g  to  the  

resea rch e rs • ri s k l e s s  conceptua l i sat i ons  of  cau se and  effect . The  

s i mp l i f i cat i on o ffe red by the determi n i st i c  app roach i s  appeal i n g ,  
\ 

wh i l e  s t i l l  a l l ow i n g  p redi ct i on o f  t rends i n  sy stem behav i o u r  wh i ch  

a re o f  i nterest to t he resea rcher and mu st of necess i ty be tested i n  

t h e  rea l w or l d .  

( i v )  Cho i ce o f  data  

B e s i des the  p rob l em of no  ava i l ab l e data  the greatest data 

p rob l em fac i n g  model con s t ruct i on i s  l i k e ly to be l ack of dat a  i n  a 

s u i t ab l e  form for des c ri b i n g  the system (W r i ght & Dent , 1 969 ) .  I n  

many cases p re vi ou s methods  o f  dat a ana ly s es and  p resentat i on ,  based 

o n  summa ri e s  o f  a ve ra ges , a re unsu i t abl e for deve l op i n g  dynami c mode l s  

descri b i n g  system fun c t i on (Cou p l and , 1 9 7 9 ) .  A fu rther prob l em 

e xperi enced by gene ra l i st s  i n  const ru ct i n g  mode l s may be i gnorance o f  

t he exi sten ce of  i mp o rt ant d ata .  Th i s may be  a rea son why some mode l s  

con s t ru ct ed by gen e ra l i st s  a re cons i de red n a i ve hy speci a l i s t s  ( e . g .  

B l a ck � �. ,  1 982 ) .  

F i na l ly ,  data a re req u i red not on ly for  u se i n  est i mat i n g  the  

va l u es o f  p a rameters a n d  con s tants  i n  a mode l , hut a l so  to a l l ow  

a s sessment  o f  the  mode l  by va l i dat i on . S i n ce sepa rate data a re 

requ i red  for va l i da t i on f rom t hose u sed for mode l const ruct i on ,  B a k e r  

� Cu rry ( 1 9 7 6 ) a d vi s ed  t h at a l l re l evant  data s ou rces shou l d  be 
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l ocated and  eva l u ated ear ly i n  the stu dy ,  wi t h  some be i n g  set a s i de 

for va l i dat i on pu rpose s .  

( v )  Speci f i cat i on o f  i nput a n d  output  

T he s peci f i cat i on of mode l i nput and ou tput i s  a matter  of s ome 

conce rn i n  a mode l l i n g study .  Form of the  i nput  data shou l d  l a rge ly 

depend on object i ve s  for  mode l u se .  The more genera l  the app l i cat i on 

of  a mode l __ i s  t o  be , t he mo re gene ra l i t s i nputs  need to be (Mo r l ey ,  

1 97 7 ) .  That i s ,  for  a gene ra l  graz i n g mode l , meteorol ogi ca l , and  

perhaps  ba s i c  so i l fe rt i l i ty da ta wou l d  be  req u i red , a s  opposed 

to  pot ent i a l  pas tu re growth rates speci f i c  to  a s i te . I n  some cases 

speci f i cat i on of  genera l  i nputs may be tempered hy the a va i l a bi l i ty of 

the data . Th i s  was a cons i de rat i on i n  the cho i ce of meteoro l ogi ca l 

data for i nput to  the  pas tu re model of W r i ght � Baars ( 1 976 ) .  I n  

the i r mode l i nput  was  conf i ned t o  data wh i ch were common ly co l l ected 

at most meteorol o g i ca l st at i on s .  

Desp i te the appa rent nume ri ca l  t ra n sp a rency o f  s i mu l ated resu l t s ,  
' 

i n  rea l i ty i t  i s  e xt reme ly di ff i cu l t and t i me  consumi ng to  t race 

s ol u t i ons th rou gh  a l l of the i ntermedi ate steps  that cu l mi nate i n  s ome 

h i gh l e ve l output  f rom a comp l e x mode l .  C ho i ce of va r i ab l es to ou tput  

therefore req u i res con s i derab l e attent i on i f  one  i s  to  be  ab l e t o  

u n de rstand  and i nt e rp ret object i ve fu n ct i on resu l t s .  A featu re o f  a n  

exper i ment on a computer  mode l however ,  i s  that  i t  ca n be repeated  

e xactly i f  des i re d ,  wi th d i fferent output co l l ected.  

I n  gener a l  more deta i l ed ou tput w i l l  be  requ i red du r i n g  mode l 

deve l opment , to  permi t det ect i on of depa rtu re f rom rea l i ty by 

· i ndi vi du a l  components (Mo r l ey ,  197 7 ) .  
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3.4 MODEL EVALUAT ION 

O f  the  s ta ges  of  model l i n g  i dent i f i ed i n  F i g. 3 . 1  the 

methodo l ogy for  eva l u at i n g a mode l  was  noted by Anderson ( 1 9 7 4 )  a s  the 

' l ea s t  de ve l oped  i n  te rms of  a g reed p rocedu res ' ,  and th i s  appears to 

rema i n  the  case .  The reasons  for  eva l u at i n g a mode l  a re c l ea r. S i nce 

a mode l essent i a l ly represent s an hy pothes i s  of system s t ru ct u re and 

beha vi ou r ,  i t s  s u i t ab i l i ty for ma k i ng i n fe rences about rea l sy stems 

mu st be tes ted .  

A mode l can  be d i f f i cu l t  t o  substant i ate  because i t  cont a i ns  a 

l a rge numbe r o f  re l at i on sh i p s .  A l s o ,  many mode l s are de l i be rate 

s i mp l i f i cat i on s  o f  rea l i ty ,  con st ructed for a spec i f i c  pu rpose , and 

a re often nece s s a r i ly based on  q ua l i t at i ve u nde rstandi n g  a bout system 

operat i on ( V a n  Keu l en ,  1 976 ) .  F o r  these  reasons eva l u at i on p rocedu res 

h ave had  to i ncorporat e  t he n ot i on of model acceptance i n  re l at i on t o  

the  object i ves  f o r  a mode l . 

P rocedu res  for  eva l u at i n g  mode l s  a re revi ewed i n  the f o l l ow i n g  

sect i on s . 

3 . 4 . 1  Va l i dat i on and Veri fi cat i on 

The terms veri f i cat i on and  va l i dat i on h a ve been used by many 

w ri ters w i th res pect t o  mode l  eva l u at i on (W r i ght ,  197 1 ; Anders on , 

1 9 7 4 ; Bak e r  & C u r ry ,  19 7 6 ;  Dent � B l a ck i e , 1 9 7 9 ;  Speddi ng ,  1 980 ) .  

T here appears h oweve r t o  be a l a ck of concensus  over the def i n i t i on of  

t hese terms { p a rt i cu l a r ly ve ri f i ca t i on ) ,  a nd  the concepts i n vo l ved . 

O ne poi nt of v i ew represented by Wr i gh t ( 1 9 7 1 } and H i l l e l  { 1 9 7 7 ) 

refers t o  ver i f i cat i on i n  the l i t e ra l  s en s e ,  mean i ng ' p rovi n g  t he  

t ruth '  o f  the  model as  a rep resentat i on o f  rea l i ty .  However H i l l e l 

( 1 9 7 7 } poi nt s  ou t t h at one  can p robably never  aspi re to h a vi n g  a 
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ve ri fi ed model  i n  th i s  sens e ,  even  i f  just  for the reason that  

' s c i ent i f i c  ph i l osophy refu ses to accept any k now l edge of  the phy s i ca l  

wor l d  a s  abso l utely ce rta i n ' .  ( Re i ck enback , 1951 , quoted i n  H i l l e l ,  

1 97 7 ) .  S pe ddi n g  ( 1 980 ) c l a ri f i e s the  above def i n i t i on for pract i cal  

p u rposes by con s i de r i n g  ve r i f i ca t i on to i n vol ve establ i s h i n g  that  the 

mechan i sms se l ected to be p resent i n  the model a re cor rectly s tated 

( b i o l ogi ca l ly )  at the  chosen l e vel . 

A t h i rd pos i t i on refers  to  ve r i fi cat i on as  a p roceau re 

e ncompass i n g  S peddi n g ' s  def i n i t i on but at a l es s  forma l l eve l , wh i ch 

may s i mp ly i n vo l ve a su bject i ve asses sment of the mode l s '  

' correct nes s ' ,  by the mode l l e r (A nde rson 1 974 ) .  That i s ,  ensu r i ng  t he 

mode l beh a ves  as expected ,  and i ntended . Unde r  t h i s defi n i t i on 

ver i fi ca t i on fo rms p a rt of the i t erat i ve p rocess of  mode l and 

s ub-mode l devel opment and  test i n g ,  i n cl ud i n g  debu gg i n g  of the compute r 

p rogram (An derson , 1 9 74 ) .  

Va l i dat i on i s  w i de ly defi ned as  the p roce ss  of test i n g whether  o r  

not a mode l i s  acceptab l e ,  or  s u i tab l e ,  f o r  i t s i ntended pu rpose 

(Wr i ght , 1 9 7 1 ; Anderson , 1 9 74 ) .  Th i s  defi n i t i on obvi ous ly  l ea ves 

s cope fo r s u bject i vi ty i n  determi n i n g  i f  a model i s  va l i d  or not . 

I n  the e xt reme ,  a mode l cou l d  concei vab ly be con s i dered  va l i d  i f  i t  

s at i sf i ed  t he  gi ven pu rpose of quant i fy i n g  one ' s  menta l  model for t he  

p u rposes o f  dec i s i on mak i n g ,  desp i te i t  n o t  p redi c t i n g  the beha v i ou r  

o f  t he sy stem w i th a h i gh degree o f  accu racy .  Usu a l ly thou gh ,  

a cceptance re l a tes i n  some way t o  whether  the model i s  su ff i c i ent ly 

a ccu rate i n  rep roduc i n g  dat a  f rom the rea l sy s tem (Anderson , 1 9 74 ) .  

D i s c repanc i es may be p l a i n ly too l a rge t o  be to l e rabl e ,  or they be 

sy stemat i c , suggest i n g a better f i t for some va ri ab le s  t han othe rs . 

T hey may be cumu l at i ve ,  mea n i n g  that the mode l i s  suff i c i ent ly 
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accu rate  o ver  short t i me per i ods to  be ju d ged va l i d , bu t p redi ct i on s  

p rogres s i ve ly worsen ove r a ' l on g  ru n '  (H i l l e l , 1 977 } .  

I n  the  case o f  a ' b l ack box '  mode l (W r i gh t ,  197 1 ) ,  u sed  t o  make 

deci s i on s  ha s ed on t ra n s forma t i on s  of i nput  i nto output from 

corre l ated response s ,  reasona b l e  a greement between the model  and 

observe d  dat a  wi l l  be a l l that i s  requ i red du r i n g  va l i da t i on .  However 

i n  the ca s e  of  a mode l  u se d  t o  gu i de bas i c  research the model  mu st 

behave i n  a -s i mi l a r  man ne r  to  the  rea l  sy stem for the r i ght reasons 

(Benyon ,  1 9 72 ; H i l l e l ,  1 9 7 7 } .  In the l atter  ca se the def i n i t i on of  

va l i d  can  be seen to encomp a s s  ve ri fi cat i on as def i ned by Speddi n g  

( 1 980 } . 

3 . 4 . 2  Means  of Compari n g  Mode l and Rea l i ty 

I t  i s  genera l ly accepted t h at the  most ri gorou s means of  

va l i dat i n g  a mode l i n vo l ves comp a ri son of  a mode l ' s  responses w i t h  

t hose o f  the  rea l  sy stem, when the con di t i ons  p roduci n g  each a re 

esse n t i a l ly the s ame (Beny on ,  1 97 2 ) .  Compar i ng  output f rom the mode l 

a n d  the  sy stem as  a who l e  may not be t ota l ly sat i s factory ,  s i nce 

devi at i on s  f rom rea l i ty by some comp onent s of the mode l ,  may be 

i nte rna l ly compen s ated for  by cou nt er de vi at i ons i n  others (Benyon , 

1 9 7 2 ;  Van  Keu l e n ,  1 976 ) .  I n con s i stenc i es may on ly su rface a t  a l ater  

s tage i f  the mode l i s  u sed i n  a d i f ferent s i tuati on (Mo r l ey ,  1 97 7 ) .  

To a voi d these  p i t fa l l s ,  va l i d a t i on needs to be conducted by compa ri n g  

s ma l l sect i on s  o f  the  mode l w i t h  the  correspondi n g  sect i on of  the rea l  

sy stem (Benyon , 1 9 72 ) .  

A va i l a b i l i ty and  s u i t ab i l i ty of data w i th wh i ch a mode l  i s  

req u i red  t o  a gree , represent two ma j o r  p robl ems encountered i n  

va l i dat i on .  O ne opt i on i s  t o  u se h i s tor i ca l ly  co l l ected data , and i n  



34 

cases  where the model l e r i s  not act i ve ly  associ ated wi th a resea rch 

p rog ramme , th i s  wi l l  be the  on ly opt i on avai l a b l e .  

The greatest ch a l l enge i n  us i ng h i stori ca l  data i s  t o  gua rd 

aga i n st ci rcu l a r reason i n g ,  by ens u ri ng  compl ete  i ndependence of 

va l i dat i on data from that used to const ruct the mode l  ( H i l l e l , 1977 ) .  

Wh i l e  t h i s may seem an obv i ous  pi t fa l l to avoi d ,  i t  i s  di ff i cu l t  to 

i gn o re data  du ri ng model const ruct i on ,  es peci a l ly  whe re not much i s  

ava i l ab l e .  A common t rap i s  t o  al l ow data to subconsc i ou s l y  i nf l uence 

ass umpt i ons  made in the mode l . The pract i cal sol ut i on to  ensure 

i ndependence of data i s  to  l ocate al l dat a before const ruct i on 

commences , set t i n g some as i de for val i dat i on ( Baker & Cu r ry ,  1976 ) . 

Ot her  p robl ems as soc i ated wi th  us i ng h i stori cal  data a ri se  

th rough i ncomp l ete reco rd i n g ,  or report i ng of condi t i ons  that produced 

the  res u l t s  i n  the rea l  system ,  hence prevent i ng • t rue • val i dat i on 

( I n n i s � �. ,  1980 ) . Most  commonly , dri v i ng vari ab l es such  as 

ra i n fa l l or a i r tempe rat u re a re not measu red at , or nea r ,  the s i t e of 

dat a  co l l ect i on .  Further ,  i ncomp l ete speci fi cat i on of s tart i ng l evel s 

fo r state va r i abl es that i nf l u ence the rea l  system causes probl ems as 

does non spec i f i c at i on of i ntermed i ate outputs of i nterest i n  

va l i dat i on .  

Obvi ous ly , where pos s i b l e ,  model s  are best  val i dated aga i nst data 

exper i ment a l l y  obtai ned for the  pu rpose fol l owi ng  mode l  const ruct i on .  

3 . 4 . 3  Tests of Val i d i ty 

Where s u i tab l e i nformat i on exi sts  to enab l e val i dat i on to  

p roceed , the  next quest i on concerns the cri ter i a to  be  u sed for  

accept i ng or  reject i ng the  mode l . Gre i g ( 1979 ) noted that desp i te  the  

ava i l ab i l i ty of stati s t i c a l  goodness-of-fi t tests2 enabl i ng some 

2see  Sect i on 7 . 3 .  
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object i vi ty to  be app l i ed to s u ch dec i s i on s ,  model l ers h a ve i n  general 

s hown a re l u cta nce t o  u s e  t h em. One rea son for th i s  may be the 

p ro b l em o f  dec i d i n g  at  what s t a ge the model  s hou l d  be cons i dered 

v a l i d , i n  ot he r  words , what degree of error shou l d  be accepted . 

Second ly , t here i s  the  prob l em o f  deci d i n g  at what s tage a deci s i on  

s hou l d  be made t o  reject a mode l , as opposed to devot i ng fu rthe r  

effort t o  i mp rovi n g  i ts rea l i sm. 3 

G rei g ( 19 7 9 )  out l i ned  a deci s i on theory approach to Choos i n g 

n on -a rbi t rary s i gn i fi ca nce l e ve l s for stat i st i ca l  test i n g ,o f  

b i o-economi c mode l s fo r deci s i on mak i n g .  He suggested that choi ce of 

s i gn i f i cance l e ve l s hou l d  be based on the costs and p robab i l i t i es of 

mak i n g a type I ( i . e .  rej ect i n g  a va l i d  mode l ) ,  or  type I I  

( i . e .  accept i n g  an  i n va l i d  mode l ) stat i st i ca l  error.  He c l a i med that 

t he l e ve l o f  s i gn i f i cance chosen s hou l d  a i m  t o  mi n i mi se expected 

l osses res u l t i n g f rom ty pe I and I I  errors . 

T he cost of  mak i n g a ty pe I error was as sumed to  equ a l  the cost 

of rework i n g the mode l to ga i n  acceptance , a rgued on the ba s i s  that 

one i s  u n l i k e ly to  cea se  the mode l l i n g e xe rc i se ( i n  wh i ch case costs  

wou l d  equ a l  t hose  a l rea dy i ncu rred ) becau se p resumab ly  mode l l i n g  was 

i n i t i a l ly u nde rtaken i n  t h e  be l i ef that benefi t s wou l d  outwe i gh cost s .  

A s s umed  costs  of  mak i n g a type I I  e rror were those o f  mak i ng a wron g 

deci s i on a s  a resu l t  o f  u s i n g  an  i n va l i d  mode l .  On  the bas i s  that the 

cost  o f  a type I I  e r ro r  wou l d  be re l ated to the s i ze of the expected 

benef i t s f rom mode l l i n g ,  wh i c h  s h ou l d  be l a rge r than  the cost of 

mode l l i n g (otherwi se  why mode l ? ) ,  G re i g p rovi ded e xamp l es to s how that 

to mi n i mi s e  expected l os se s  f rom type I and I I  errors , choi ce of  

3Th i s  i s  more approp r i ate to b i o-economi c dec i s i on ma k i n g  model s than 
resea rch mode l s . 
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s i g n i f i ca nce l eve l  shou l d  u s ua l l y  be h i gher than the cu stoma ry 5 

percent l eve l , to  reduce the  probabi l i ty of mak i ng a type I I  error .  

A second method o f  va l i dat i on that has gai ned some acceptance , 

and wh i ch recogn i s es the subj ect i v i ty of mode l va l i dat i on ,  i s  the 

Tu r i n g  test  (Van Ho rn , 19 7 1 ) .  Th i s  test i n vol ves present i ng an 

i ndependent expert wi th  two ( u n i dent i f i ab l e )  sets of dat a , one produced 

by the model  and the ot her i n  the rea l  system .  I f  the data sets 

ca n not be di st i n g u i shed , the mode l  pas ses the test . 

The  Tu ri n g  test i s  usefu l  as a means for compa r i ng  t i me seri es 

dat a ,  su ch as an i ma l  l i vewe i ghts . The probl em of object i ve ly  

compa r i n g  such dat a has been noted by Wri ght ( 1 970 ) . Al s o ,  where a 

mode l  requ i res wi de acceptance , s uch as by dec i s i on makers who may 

wi s h  t o  u s e  i t ,  Tu ri ng  test s a re c l a i med to do much i n  fosteri ng  t h i s 

accepta nce ( G re i g ,  1979 ) .  For  t h i s reason Gre i g recommends i t s use i n  

conj u nct i on wi t h  stat i st i ca l  t est i n g .  

I n  t he  forego i ng di scuss i on i t  has been assumed that  data we re 

avai l a b l e for va l i dat i on .  Where they are not , the best that  can be 

done i s  subject i ve ve ri f i cat i on ( t he  l atter  defi ni t i on i n  

Sect i on 3 . 4 . 1 ) of model  behav i ou r (Anderson , 1974 ) . The l og i ca l  

danger  i n  accep t i n g  a model a s  va l i d  on  th i s  bas i s  i s  that  s uch  a 

mode l  wou l d  have doubt fu l ut i l i ty when i t  came to ext rapo l at i ng to 

reg i mes that  were d i fferent to those  a l ready we l l understood by the 

mode l l e r . 

3 . 4 . 4  Opt i ons Avai lable i f  Model I n vali d 

Reasons  why a model  may be i nv a l i d  i nc l ude (e . g .  H i l l e l , 1977 ) :  

( 1 ) one or  more es se n t i a l va r i ab l es may have been omi tt ed f rom the 

model ,  ( 2 )  the effects of some va r i ab l es may have been entered 
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i ncorrect l y ,  ( 3 )  certa i n  funct i ona l  forms may be i n  erro r ,  o r  

( 4 )  there  may be e r ro rs i n  some pa rameter val ues . I n  most  cases there 

i s  l i ke l y  to be a comb i nat i on of the  above errors , al t hough the  l at te r  

appea rs t o  h a ve  rece i ved most emphas i s  i n  t h e  l i teratu re .  

O ne  approach t o  i mp rov i ng t he  ag reement between s i mu l ated and 

obse rved res u l t s  i s  to ca l i b rate poor ly  quant i f i ed pa rameters to a set 

of  observed data { W i gan , 1 9 7 2 ; Van Keul en , 1 9 76 ) . The major  a rgument 

a ga i nst  ca l i b rat i on i s  that fo r a model  i n  wh i ch a l a rge enoug h  numbe r 

of  pa rameters a re  ca l i b rated , i t  may be pos s i b l e  fo r the  model to  

m im i c obs e rved data  wi thout  i t  bei n g  st ruct u ra l ly adequate  (W i l s on , 

1 9 7 7 ) .  However  Woodmansee ( 1 9 78 )  c l a i ms that th i s  i s  an over- rated 

a rgument based  on an ana l ogy wi th polynomi a l  model s ,  wh i ch in genera l 

ut i l i s e pa rameters  that  have no b i o l og i ca l  meani n g .  The model l e r i s  

not at l i be rty to  a s s i gn va l ues to pa rameters wh i ch a re not 

b i o l og i ca l l y  j u st i f i ab l e ,  s i mp l y  to force the model to ag ree wi th  

obs e rved resu l t s .  I n  add i t i on ,  ca l i b rated model s sti l l  need t o  be 

va l i d ated aga i n s t  ot he r  set s of i ndependent data to test thei r gene ra l 

appl i cab i l i ty ( V a n  Keu l en ,  1 9 76 ) . 

The u s u a l  p rob l em wi t h  cal i b rat i on i s  that al l ava i l ab l e data a re 

used up  and no dat a  rema i n for val i dat i on {W i gan , 197 2 ) . I n  these  

cases exper i menta l  j u st i f i cat i on must  be  sought for  f i t ted paramete r  

va l ues . 

A second app roach adopted i n  the  eva l uat i on of an i n va l i d  model  

i s  sens i t i v i ty a n a l ys i s  (Van  Keu l en ,  1976 ) .  Sens i t i v i ty analy s i s  i s  

c l a i med to  he l p  i n  estab l i s h i ng the i mportance of obta i n i ng prec i s e  

knowl edge about d i ffe rent poor ly  quant i f i ed pa rameters i n  the  i n va l i d  

mode l  ( i . e .  p r i o r i t i es for  bas i c resea rch ( St u rgess , 19 7 2 ;  Ande rson , 

1 9 74 ;  Ste i nhorst  et �. , 1 9 78 ) . I t  i s  conducted i n  the absence of  rea l  
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system data a n d  t he as sert i on i s  t hat  the  mo re sensi t i ve t he mode l  i s  

t o . cha nges i n  pa rameter  va l u e ,  the g reat e r  the  need to  q uan t i fy that  

p a rameter p rec i se ly  (A nde rson , 1974 ; Ste i nhorst � �. ,  1978)  i n  orde r 

t o  va l i date t h e  model . 

A major  p rob l em w i t h  condu ct i n g sens i t i v i ty ana ly s i s on an  

i nva l i d  mode l , wh i ch has  l a rgely been i gnored ( a n  except i on i s  Van  

Keu l en ( 1 9 76 ) ) ,  i s  that  i t  rema i ns dou bt fu l  whether genu i ne est i mates 

of model sens i t i v i ty can be ohta i·ned u s i n g  an  i n va l i d  mode l . Th i s  i s  

because  of t he  pos s i b l e e ffect s of  sett i n gs of other unce rt a i n  

p a rameters on measu red p a rameter sen s i t i v i ty .  

C ons i de r  a n  e xampl e where t he va l u es  of ju s t  two pa rameters a re 

u nce rta i n .  Sen s i t i vi ty o f  mode l ou tput  ( Y ) t o  a change i n  one 

p a rameter ( P 1 )  may show the model to he i nsen s i t i ve to  P1 when a nothe r  

pa rameter ( P 2 ) i s  set a t  i t s or i gi n a l ly des i gnated , bu t u n ce rt a i n 

va l u e  (F i g . 3 . 2 ) .  Howe ve r ,  i f  the same sens i t i v i ty ana ly s i s i s  

condu cted wi t h  P2  set at a ' changed ' l e ve l , model ou tput may appea r 

very sens i t i ve t o  chan ges i n  P 1  ( F i g . 3 . 2 ) .  I t  i s  these k i n d of  

i nteract i on s , where ou tput  sen s i t i vi ty f s  i tse l f sens i t i ve t o  the  

s t ruct u re of  t he  model , or  the sett i ng of  another  unce rta i n paramete r ,  

t h at makes sens i t i vi ty ana lys i s from a n  i n va l i d  model a pos s i bly 

mi s l eadi ng a c t i vi ty .  

3 . 5  EXPER I MENTAT ION  

One of  the  p robl ems w i th condu ct i n g e xperi ments on  a mode l i s  

t hat u n l i k e  exper i ment s conducted i n  the  rea l sy s tem, the resu l t s are 

n ot obta i ned  t h rou gh the  operat i on of  rea l  proces ses (W ri ght ,  1 97 3 ) .  

B ecau se of t h i s ,  resu l t s mu st  be asses sed s ubject i vely , bei n g  

c ondi t i ona l  on one ' s  as ses sment of the  rea l i sm of the mode l . The 
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F i gu re 3 . 2  

• 

X 

Ori g i na l  P 1 Perturbed P 1 
�- _ _ _ _  _f�_ram�ter_ V� l ue _ ( P J.} __ _ _ _ _ _ ____ _ 

E ffect of i nteract i ons between parameter 
sett i ngs o n  output sens i ti v i ty (y )  to  a change 
i n  p arameter v a l ue . Sens i ti v i ty of  y to a 
perturbat i o n  i n  P 1 w i th P2 at i ts ' ori g i n a l  • 
l eve l ( X )  and a t  a perturbed l evel  ( e ) . 
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con f i dence wi th w h i ch one moves to exper i mentati on on a model w i l l  be 

i nf l u enced hy the con f i dence gai ned i n  the  model du ri ng va l i dat i on .  

R ecogni s i n g t h e  d i ff i cu l ty o f  mak i n g s u bject i ve judgement s abou t 

the app l i cabi l i ty of resu l t s from a model , A n derson ( 1 974 ) su ggested 

that a cau t i ou s  app roach to  experi mentati on w i t h  a • more or l es s • 

rea l i s t i c  mode l mi ght  be t o  conduct expe r i ment s on severa l  ve rs i on s  of  

the mode l , ea ch ve rs i on conta i n i n g a di f fe rent form of  an as sumpt i on 

or  a d i f ferent pa rameter sett i n g of an u nce rt a i n pa rameter .  Th i s form 

of sens i t i v i ty a n a ly s i s ,  wh i l e restr i cted by i t s c l ums i ness , may be 

hel p fu l  at l east , i n  establ i s h i n g the robu stness  of general  

exper i menta l  conc l u s i on s  to di ffe rent l eve l s  o f  rea l i sm, expressed i n  

the d i f ferent ve rs i on s  of the model . 

T here a re two fu rther major  d i fferences between the condu ct of an  

experi ment on a s i mu l at i on model  and  i n  t he rea l sy stem. Wi th  a 

s imu l at i on mode l rea l  t i me i s  comp ressed and  the  experi menter h a s  

comp l et e  cont rol  o ve r  expe r i mental  e rror a nd c l i mate va r i ab i l i ty .  

The l at te r  enabl es  a sha rpened focu s on t reatment di fferences and 

remo ves constra i nts  i mposed by cl i mate on expe r i menta l des i gn .  A 

sequent i a l  app roa ch to des i gn ( e . g .  exper i ment , l ea rn i n g ,  rehypot hes i s  

and experi ment ) becomes pos s i b l e ,  wi th each experi ment condu ct ed u nde r 

the same cl i mat i c  condi t i on s . Apart f rom the  above , s i mu l a t i on a n d  

rea l wor l d  exper i ments  have mu ch i n  common . 

T h e  ma i n  p robl ems confront i n g s i mu l a r  exper i mentat i on ,  referred 

to  by Anderson ( 1 974 ) ,  i nc l u de ; ( a )  the numbe r of fa ctors i n vo l ved i n  

most e xperi ment s ,  ( b )  the common s i tuat i on of more than one response 

vari a b l e ,  and ( c ) the  h andl i n g of stochast i c  e l ements , wh i ch may i mp ly 

l on g  s i mu l at i on ru n s , o r  a l a rge samp l e  s i z e .  A fu rther  probl em i s  

the e f fect of  s t a rt i n g states on  s i mu l at i on res u l t s  (W r i ght , 1 9 70 ) .  
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S i mu l at i on experi ments , whether  condu cted for an exp l oratory or 

' opt i mi s i n g pu rpos e ,  typ i ca l ly i n vo l ve l a rge numbe rs of expe ri menta l  

factors . E ven  con s i de ri n g  t h e  s peed wi th  wh i ch compute r ope rat i ons  

may be performed there w i l l  o ften be a need t o  economi se on the  s i ze 

o f  the  exper i ment  t o  a vo i d i no rd i nate ly l a rge expendi tu re of computer  

t i me .  F u l l fa ct or i a l  des i gns w i l l  often need to  be rep l aced by more 

comp l ex f ra ct i on a l  factori a l , rotatab l e ,  response su rface , or re l ated 

' des i gns (see e . g .  Hu n ter  & Nay l or ,  1 9 7 0 ) . -- Wi th these des i gns  t here 

w i l l  n eces s a ri l y  be some con fou n d i n g  o f  e ffect s .  Usua l ly  h i gh o rde r 

i nte ract i on e f fects  a re confou nded w i th ma i n  effect s .  

T h e  a n a ly s i s  o f  mu l t i p l e output respon ses such a s  f l eece wei ght ,  

l ambi n g  pecenta ge , and  l amb se l l i n g wei ght ,  fo r a sheep graz i n g 

sy stem,  i mp l i es a need for  a mu l t i va ri ate  ana ly s i s .  I n  pra ct i ce 

howeve r ,  mu l t i p l e  responses  a re most s i mp ly combi ned i nto  a n  

a pp rop ri ate i nd e x  t o  p rodu ce a s i n g l e res ponse  va ri abl e f o r  ana ly s i s .  

S amp l e  s i z e ,  o r  the  numbe r o f  computer  ru ns  ( repl i cat i on s ) 

req u i red per  t reatment i s  on ly a concern when u s i n g stochast i c  mode l s .  

The  u su a l  p rob l em i s  that  stocha st i c  con ve rgence i s  s l ow ,  w h i ch means 

that the n umbe r of  ru n s  requ i red to  obta i n  a su i t abl e est i mate  o f  a 

mea n  res p on s e  i s  h i gh .  T h i s  a dds g reat ly to  the cost of 

exper i mentat i on i n  te rms of  compu te r  t i me • 
• 

T h e  p rob l em of  how best t o  e st i mate the  effect s of c l i mate 

va r i a bi l i ty i s  a con cern w i t h  both s t ochas t i c  and  determi n i s t i c 

mode l s .  H oweve r  no  genera l  consensu s has  been reached on the  best 

method o f  do i n g  t h i s .  I t  appea rs  that  cho i ce of method has  been 

t a i l ored  to su i t  t he i nd i v i du a l  s i t u a t i on rega rdi n g  ava i l a b i l i ty of 

c l i mate dat a . A l te rnat i ve s  i nc l u d e ,  compa ri son of  respon ses i n  a 

, s i n gl e h i s tor i ca l c l i mate sequence (e . g . W r i ght , 1 9 70 ) ,  i n  a ran dom 
I 
l 
,c l i ma te sequen ce , i n  severa l  random c l i mate  sequences , i n  mean  c l i mate 
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condi t i on s  ( Anderson , 1974 ) or i n  equ i l i br i um cond i t i on s  i n  a number 

of rep resentat i ve good , bad and average years ( e . g .  Mi l l er ,  1983 ) .  

The prob l em wi th spec i fy i ng sta rt i ng cond i t i ons i n  a s i mu l at i on 

experi ment i s  that the i n i t i a l ly speci f i ed states of the  system may 

i n f l uence model performance for a peri od . Th i s  may occur  fo r as l on g  

as two years wi th a graz i ng  system model (Wr i ght , 1 9 70 ) .  Where a 

l ong  ru n s i mu l at i on experi ment i s  be i ng conducted the most pract i ca l  

s o l ut i on i s  to di scard output from a • warm-up • peri od of  two or th ree 

yea rs . However where i t  i s  des i red to study responses to a gi ven 

year • s  cl i mate pattern , th i s  mu st be done under equ i l i b r i um 

condi t i on s . That i s ,  by runn i ng the model  over and over unt i l the 

start i ng cond i t i ons  become the same as the output . 

F i n a l ly , i f  knowl edge of opt i mal factor l evel s i s  the obj ect i ve 

for  exper i mentat i on ,  a var i ety of opt im i s i ng des i gns a re avai l ab l e  for 

use  on a s i mu l at i on model  ( s ee e . g .  Harri s on , 1978 ) . Choi ce of 

opt i mum seek i ng method i s  covered by Ha rri s on ( 1 978 ) but is l i ke ly  to 

depend to  a l a rge deg ree on avai l ab i l i ty of computer  packages for 

opt i mi sat i on .  Howeve r ,  i n  compar i son to programmi ng techn i ques such 

as l i nea r programmi ng ( s ee Th i e rauf & Grosse , 1970 ) , der i v i ng opt i ma 

can be t i me-consum i ng  and cumbersome where a l a rge number of factors 

a re i n vo l ved . A s i mu l at i on mode l  is  more su i ted to use for a general  

study of the opt i ma l  reg i on . 

3 .6 REV I EW OF SOME GRAZ I NG SYSTEM SIMULAT ION STUD I ES 

Ove r the l ast decade there has been qu i te a number of graz i ng  

system mode l s  publ i s hed . Th i s  mu st be due  i n  part to i n i t i a l 

cur i os i ty p rompted by the promi s e  of an emergi ng tech n i que for 

study i ng  gra z i ng systems . Before contemp l at i ng an add i t i on to  the  
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l i s t of pu b l i shed mode l s ,  t here i s  c l early a need to as sess p rogres s 

made by p revi ou s s tu d i es , p art i cu l a r ly i n  respect t o  the s i mi l a ri t i es 

a n d  d i f ferences between the  st ruct u re of  d i fferent mode l s  and the 

degree o f  gene ra l i ty o f  s t ru ct u re ach i eved. 

S ome early gras s l a n d  s i mu l at i on mode l s  h a ve been revi ewed by 

Se l i gma n ( 1 976 ) .  The fo l l owi n g  rep resent s a genera l revi ew of  the 

maj o r  featu res  o f  more recent ly pub l i s hed s i mu l at i on mode l s re l e vant 

t o  t h i s  s tu dy .  

3 . 6 . 1  Deferred Graz i ng Model {Smi th � W i l l i ams , 1 97 3 ) 

T he  mot i vat i on for  con s t ru ct i on of  th i s  rel at i ve ly comp l e x  

graz i n g mode l wa s ve ry spec i f i c .  Name ly t o  enab l e  gene ra l i sat i on f rom 

a fi e l d e xperi ment i n  Western Au s t ra l i a , to the effects of di fferent 

l en gt h s  o f  defe rment of  graz i n g and di fferent stock i n g rates , on 

pastu re p roduct i on and l i vewei ght ga i n  of sheep graz i n g su bterra nean 

c l ove r  pastu re i n  the f i rst  105 day s post-seed germi nat i on .  In the 

vers i on of the model  report ed ,  t he dr i v i n g  vari abl es ( s u n s h i ne hou rs ,  

rai n fa l l a nd pan  e vaporat i on )  and  start i n g condi t i ons  ( den s i ty of 

v i ab l e s eeds and p l a nt wei ght  and he i ght and eme rgence ) were taken 

f rom t h e  f i e l d experi ment . Pa st u re growth wa s t reated i n  s ome detai l 

but t he  s heep component was great ly s i mp l i fi ed to  p redi ct ju s t  

l i vewei ght  ga i n  o f  dry s heep , ba sed o n  a s i mp l e  energy ba l a nce .  

T h e  s t ru ctu re of  the p a s tu re growth component o f  the mode l was 

q u i te gene ra l . Speci f i c i ty wa s obt a i ned by choos i n g  parameters wh i ch 

f i tted t he  f i e l d o bse rvat i on s . A l l herbage grown wa s con s i dered to  

rema i n g ree n .  Th i s  was  p roba bly  a fa i r as sumpt i on wi th i n  the  bounds 

p l aced on  the mode l . Ma x i mu m  growth rate was taken  from the  

l i terat u re on s ubc l over .  A ct u a l  growth  rate was determi ned f i rst by 
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two asymp tot i c  fu nct i on s ,  re l at i n g  growth rate to l e vel of  radi at i on 

( s uns h i ne  h ours ) a n d  l eaf  a rea i n dex (LA I ) .  Soi l moi stu re and  

p roduct i v i ty effect s we re i n c l u ded as di mens i on l ess ( 0- 1 ) mu l t i p l i e rs . 

The so i l moi stu re mu l t i p l i er and the  rat i o  ET /PET4 were rel ated 

sepa rate ly  to l e ve l of a va i l a b l e so i l mo i s tu re from 0 to 30  cm depth 

( based on f i e l d  observat i ons ) .  PET was est i mated f rom pan e vaporat i on 

w i th adju stment s dependi ng  on LA I .  The s o i l product i v i ty mu l t i p l i e r 

was u sed  to  s ca l e  s i mu l ated pastu re produ ct i on to observed  l e ve l s  at 

the f i e l d  e xper i ment s i te .  

Tot a l  herba ge i ntake wa s  entered as  a fu nct i on o f  pastu re he i ght 

and cove r ( k g  DM /h a ) ,  the funct i on be i n g mu l t i p l i ed by ma x i mum  i ntake 

per sheep , and s t ock i ng rate . Constru ct i on of  the i ntake component 

was emp i ri ca l  and somewhat patchy . For e xamp l e ,  da i ly i n c rease  i n  

pastu re he i ght i n  the absence of  graz i n g was assumed to be constant 

and i ndependent of  pastu re growth rate ,  be i n g deri ved from the a vera ge 

i ncrea s e  i n  hei ght  per day recorded i n  the  f i e l d e xperi ment . Decrease 

i n  pastu re hei ght due to con sump t i on wa s as sumed as the ra t i o of 

consump t i on /growth ,  mu l t i p l i ed by 0 . 1 6 ,  agai n chosen to f i t the f i e l d  

dat a .  F i n a l ly ,  ma xi mum i ntake per sheep was est i mated as th at wh i ch 

gave ma xi mu m  l i vewei ght gai n i n  the  f i e l d exper i ment { 1 . 1 4 k g  DM/day ) .  

A s  expected  p redi ct i on s  of  the  model were c l ose to f i e l d  

obse rva t i on s .  However ,  the scope o f  the mode l  for study i n g d i f ferent 

graz i n g sy stems i s  obvi ou s ly l i mi ted.  Of note was the genera l  

(adaptab l e )  stru ct u re of t�e pastu re growth  component , a featu re of 

whi ch was  the con sc i ous  omi s s i on of temperatu re effects  on growth i n  

a swa rd s i tuat i on .  

4Evapot rans p i ra t i on/Potent i a l  E vapot ransp i rat i on 
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3 . 6 . 2  LEYFARM (A rno l d et �. , 1 97 7 ;  Ga l b ra i th � !l· '  1 980-81 ) 

T h i s model h a s  been deve l oped ove r  a number of yea rs , an d 

c omp r i ses  a pastu re (Ga l b r a i th  et �. , 1 980-81 ) and s heep (wethers on ly ) 

s u bmodel  (A rno l d et !l· , 1 97 7 ) .  The tota l  mode l , l i k e that of  Smi th  & 

W i l l i ams ( 1 97 3 ) was  ba s e d  o n  an annua l  pastu re graz i n g system i n vo l vi n g  

s u bc l o ver . H oweve r  th i s  mode l w a s  more comp rehens i ve than  the former .  

T he  ma j o r  object i ve f o r  t h e  mode l was to devel op a rea l i st i c 

p red i cto r  of  graz i n g system  behav i ou r  wh i ch cou l d  be u sed to  assess  

the  e ffect s of  va r i ou s  man agement p ract i ces  at  l ocat i ons w i thi n 

W estern Aust ra l i a . T h i s  p u rpose has  a l ready been ach i eved to a 

cert a i n e xtent (Ga l b ra i th et !l· , 1 980-81 ) .  

A n  ear l i e r vers i on o f  the pastu re su bmode l  was descr i bed by 

� Se  1 i gman ( 1 9 7 6 )  a s  be i n g  "u n a bashedly emp i  r i  ea 1 " . 

� p rompted  by the fact that  the  component s we re based on stat i st i ca l  

Th i s  statement was 

� 
re l at i on sh i p s ( i . e .  corre l ated  respon ses ) o f  gra fted l i nea r ,  or 

q u a d rati c form, wh i ch f i tted  a va i l a b l e  e xper i ment a l  dat a .  

S ubsequent ly q u i t e  a n  e f fort  h a s  gone i nto ca l i b rat i n g  a n d  va l i dat i n g 

t he mode l a ga i nst  det a i l ed data col l ected i n  the f i e l d (B i ddi scombe � 
!l· , 1 980-81 ) .  Th i s  h a s  p rodu ced a ve rs i on wh i ch beha ves rea l i s t i ca l ly 

(Ga l bra i th et �. , 1 980-81 ) .  

S u bc l over  seed set and  ge rmi nat i on were spec i f i ed i n  deta i l .  

1 Potent i a  1 growth rate was  determi ned as an asymptot i c  fun et i on o f  

g reen cover ( i n k g  OM /ha ) .  G raz i n g e ffect s on  growth were as sumed to  

operate t h rou gh a redu ct i on i n  green cov�r , by consumpt i on .  

R ad i at i on ,  temperatu re ,  s o i l mo i stu re and matu r·i ty effect s on growth 

were ente red as mu l t i p l i e rs . Rad i at i on effect s were mode l l ed 

comp l ex ly , ba sed s omewhat a rb i t ra r i ly on a number of assumpt i ons . At 

l ow g reen cove r s ,  pot ent i a l g r owth rate ,  wa s u n a ffected by the  l eve l 
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of radi at i on owi ng to ' l i tt l e  comp et i t i on between l eaves for l i ght ' .  

A s  green cover i ncreased , an  i ncrea s i n g  l e ve l of ra d i a t i on was as sumed 

to  be requ i red to  ach i e ve potent i a l growth ( see F i g. 3 . 3 ) .  The 

funct i on was  u n reasona b l e  at the e xt reme nea r zero rad i a t i on .  At l ow 

green co ve rs growth was unaffected , whi l e  at h i gh green covers 

e xces s i ve res p i rat i on was i mp l i ed ( i . e .  ha l f of the potent i a l  growth 

rate ) .  

Temperatu re effects on growth we re i ncl u ded  on ly be l ow Tooo k g  

Green DM/ha {GDM/ha ) .  Be l ow 300 k g  GDM /ha a qu adrat i c  funct i on 

( opt i mum 20 °C ) wa s a s s umed. Between 300 and 1 000 kg  GDM/ha 

temperatu re and  rad i at i on i nteracted to affect growth . F i na l ly 

potent i a l  growth  rate post- f l oweri n g  was  as sumed to dec l i ne w i th t i me ,  

i n  l i ne wi th  f i e l d  observat i ons . 

Senescence rate was as sumed t o  be 0 be l ow 500 kg  GDM/h a .  Above 

t h i s i t  i n creased exponent i a l ly wi t h  a factor to  ' speed u p • se nes cence 

rate post-f l ower i ng .  Decay rate was re l ated to  temp eratu re and  dead 

cover ,  unde r  wet cond i t i ons . 

The a n i ma l  su b-mode l wa s more genera l  than  that of Smi t h  & 

W i l l i ams ( 1 9 7 3 ) ,  but st i l l  only de scr i bed wethers under con t i nuou s  

graz i n g.  Vo l u nt a ry i ntake was rep resented as a fu ncti on o f  

l i vewei ght , be i n g  dependent o n  a ge .  The  effect s o f  acces s i b i l i ty and 

d i gest i bi l i ty on se l ect i on and i ntake of green and dead gra s s  and  

c l over were i n c l u ded .  

Wethers were represented by an  energy ba l ance speci f i ed  i n  u n i t s  

of  d i ge st i b l e  organ i c matter.  M a i ntenance req u i rement s were i ncreased 

at  l ow  pastu re covers . Woo l growth  was  spec i f i ed from potent i a l  da i ly 

g rowth rate  fo r woo l , tempered by d i ges t i b l e  organ i c  matter  i ntak e ,  

a nd percentage n i t rogen i n  the d i et .  
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Ra d i at i o n  ( L ang l eys ) .  

F i g u re 3 . 3  E ffect o f  i nteract i on between green pa s ture cover 
a n d  rad i a t i on on the pas ture 9rowth mul t i p l i er i n  
Ga l b ra i th et �. (1980-81� 
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Once aga i n th i s  morle l was tu ned to a speci f i c pastu re ty pe and  a 

s i mp l e  a n i ma l  p rodu ct i on system. I t  d i d  n ot appea r to l end  i t se l f 

readi ly to adaptat i on to ot her  pastora l sy stems . Howe ve r the  pastu re 

i ntak e funct i on s  we re adapta b l e .  

3 . 6 . 3  CANPAS I l l  (F i ck 1978 ,  1 980 )  

CANPAS was const ructed a s  a ske l eton model  ( e . g .  Dent , 1 9 7 5 )  of 

perenn i a l  pa stu re p roduct i on ( ryegras s ,  wh i t e  cl ove r )  on fa rms i n  

Canterbu ry ,  New Zea l a nd.  Pa s tu re rep resented ju st one of the modu l es 5 

o f  a tot a l  mode l i ntended for as sembl i n g as requ i red ,  to s i mu l ate  any 

spec i f i ed mi xed c ropp i n g f a rm i n  Cante rbu ry .  

The  mode l p red i cts growth , senescence and  decay . I t  i s  

s t ru ctu red a rou n d  an  exponent i a l pattern of  pastu re regrowth fo l l ow i ng  

cutt i n g ,  and  cont a i n s  a numbe r of  a rb i t ra ry funct i ons and � hoc 

as sump t i ons  ( a dded du ri n g  deve l opment ) ,  wh i ch have been deri ved t o  

accou nt for the  ma j o r  obse r ved cl i mate a n d  s easona l di f ferences i n  

pastu re product i on as measu red i n  a numbe r of  New Zea l and  pa s t u re 

cutt i n g t ri a l s .  P redi ct i ons  of pastu re _accumu l at i on under  a ra n ge of  

cu tt i n g regi mes a t  W i nchmo re Resea rch S tat i on were reasonab l e .  

Howe ve r ,  the mode l was not tested u nder graz i n g o r  l a x  cut t i n g  

regi mes . The s t ru ctu re o f  the model was not su ff i c i ent ly genera l ,  

conceptu a l ly ,  t o  ena b l e  s i mp l e  adaptat i on to  su i t  other en v i ronment s ,  

a nd  g raz i n g re gi mes . 

B ri ef ly , potent i a l  growth rate i nc reased wi t h  i n creas i n g LA I 

u nt i l a cri t i ca l  LA I was reached , beyond th i s  potenti a l  growth rat e  

rema i ned constant . Re l at i ve growth rate du r i ng t h e  exponent i a l g rowth 

phase was speci f i ed accord i n g  to day l en gt h .  However th i s  fu nct i on 

was o verr i dden by a temperatu re fu nct i on whe re the  l atter  was more 

5other  modu l e s  we re to i n c l u de wheat , l u ce rne  and fat l amb p rodu ct i on .  
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l i m i t i ng .  Both funct i ons  were der i ved emp i ri cal ly  from New Zea l and 

data . C ri t i c a l  LA I was desc r i bed as a funct i on of day o f  the yea r .  

So i l p roduct i v i ty ( fe rt i l i ty )  was ass umed t o  act on  cr i t i ca l  LAI , 

reduc i ng i t  i n  l ess  fert i l e  so i l s .  Fert i l i ty was assumed to  be 

d i rect ly  re l at ed to so i l water-ho l d i ng capaci ty bel ow a water-ho l d i ng 

capac i ty of  1 1 5  mm.  The b i o l og i ca l  j u st i f i cat i on for these two 

assump t i ons  was not made cl ea r .  

F i n a l l y , a d rought i nj u ry pa rameter was i ncl uded t o  del AY  the  

ret u rn to potent i a l growth rat e  fol l ow i ng  a drought , and  a cei l i ng 

rest r i ct i on  wa s s et on tot a l  pas t u re y i e l d ( determi ned as a funct i on 

o f  day of t h e  yea r )  such  that growth was not permi tted i f  i t  meant 

that the cei l i n g wou l d  be v i o l ated . One wou l d  have expected the  model 

to  pred i ct i t s  own ' reasonab l e '  cei l i ng y i e l ds based on the ba l a nce 

between growth rat e  and decay rate .  

Senescence was a s s umed t o  occu r  because of shadi ng , d rought and 

mat u ri ty .  Senes cence i ncreased from 40 t o  80 k g  DM/h a/day ( New Zea l a nd 

meas u red rates ) ,  as g reen y i e l d i nc reas ed from 1 to 3 t i mes  green 

y i e l d  at cri t i c a l  LA I .  Whenever the rat i o  of ET/PET fel l bel ow 0 . 1 , 

1 0% of  green cover was assumed to  senesce per day , and when  green 

pastu re d i ges t i b i l i ty fel l to  i t s mi n i mum al l owabl e l evel , senescence 

occu rred at a da i l y rat e  of 5% of g reen cover above 500 kg GDM/ha . 

Decay rat es were based on the  mode l  of Hunt ( 19 7 7 } .  

P red i ct i on o f  herbage d i gest i b i l i ty was qu i te comp l ex ( see F i ck ,  

1 9 78 } , but es sent i a l l y  the  d i gest i b i l i ty of two cl asses of green 

mater i a l  ( new reg rowth and res i dua l  f rom prev i ous reg rowths } dec l i ned 

da i l y  unt i l a m i n i mum l evel was reached . The dai ly rat e  of dec l i ne 

was a fu n ct i on o f  day of  the year .  
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3 . 6 . 4  Net Growth Mode l s  (Wri ght & Raars , 1 97 6 ; Baa rs , 1980 ) 

W ri ght � Baa rs ' mode l  of perenni a l  ryegrass , whi te c l ove r  pastu re 

i n  New Zea l and  formed t h e  past u re component of a beef graz i n g mode l 

reported on by Wri gh t et �· ( 1 97 6 )  and deve l oped t o  i n vest i gate the 

ro l e of model l i n g i n  agr i cu l tu ra l  resea rch . The gu i de l i ne for the 

pastu re mode l was that it shou l d respond in a rea l i sti c fash i on to 

common ly  a va i l a b l e  c l i mate va ri a b l es ,  and graz i n g mana gement 

deci s i on s . 

The ba s i c structu re was s i mp l e .  Twe l ve quadrati c fu nct i ons ( one 

for the mi d-poi nt of each month ) descri bed net growth rate as a 

fu nct i on of  pastu re cove r ,  assumi n g  average temperatu res and 

non- l i mi t i n g s o i l mo i s tu re .  Each month ly funct i on pas sed th rou gh zero 

p asture growth rate at z e ro pa sture cove r and at cei l i n g y i e l d .  Da i ly 

fu nct i ons were obta i ned by l i nea r i nterpol at i on .  

A i r temperatu re a n d  so i l mo i stu re modi f i ed ba s i c  growth rate . 

The  soi l moi s ture mu l t i p l i e r ( 0- 1 ) was set equ a l  t o  the rat i o  of 

ET/PET , wh i ch i n  tu rn wa s a fu nct i on of avai l a b l e so i l moi sture and 

P ET (e . g .  Denmead & Sh aw ,  1 962 ) .  Soi l moi s tu re ava i l a bi l i ty was 

def i ned i n  two hori z on s ,  a surface rewett i ng ,  and a l ower hor i z on .  

T h ree � h oc t emperatu re factors we re u sed to  adju st ba s i c  growth  

rate.  G rowth rates were pos i t i ve ly corre l ated w i th mi n i mum a i r 

temperatu re f rom mi d J u ly  to  mi d De cember ,  negat i ve ly corre l ated w i t h  

max imum a i r temperatu re f rom mi d-Oecember to mi d -A pri l a n d  posi t i ve ly  

corre l ated wi th  ma xi mu m  t emperatu re from mi d-A p ri l to mi d-Ju ly . 6 

Raa rs ' ( 1980 )  mode l was de ve l oped from the p revi ou s l y  descr i bed 

mode l .  The object i ve f o r  further  deve l opment was to p rodu ce a more 

w i dely app l i cab l e mode l ? for u se  by F a rm Adv i sers  i n  s i mu l at i n g  

6Mean month ly  mi n i mum or  maxi mum t emperatu re was t aken a s  1 .  

7The funct i on s  for the or i gi na l mode l were for Wa i k ato pastures . 
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pas tu re growth  rates i n  regi on s ,  and u nde r  mana gement s ,  not cove red by 

e xi st i n g  f i e l d dat a .  

T h e  1 2  qu ad rat .i c funct i on s  re l at i n g  growth rate t o  pastu re cover 

were rep l a ced by 1 2  exponent i a l  g rowth  funct i ons . Exponent i a l 

coeff i c i e nt s  were ca l cu l a ted f rom mean  month ly rad i at i on data  at the  

s i t e o f  i nt e rest . Max i mu m  growt h  rates and cei l i ng y i e l d s were 

s pec i f i ed a s  a funct i on o f  t i me  of year .  Changes  were a l s o made to  

the  temperatu re fu n ct i on s .  

T h e  b i g ge s t  p robl em faci n g  the  u se o f  net growth pastu re mode l s ,  

a s  p a rt o f  a s heep g raz i n g system mode l , i s  that pastu re i s  not 

p a rt i t i oned i nto g reen a n d  dead OM . Th i s  i s  l i k e ly to res u l t  

i n  ove r -e st i mat i on o f  past u re a va i l a b l e  for graz i n g ,  p a rt i cu l a rly i n  

l ate  s umme r-autumn , s i nce s heep a l most tota l ly negl ect dead pasture .  

3 . 6 . 5  B reedi ng  Ewe Model {W h i te ,  1 9 7 5 ,  1976 ; Wh i t e e t  .2.1..· ,  1 983 ) 

T h i s model  was con st ru cted to s tudy graz i n g sy stems i n vol v i n g  the 

b reed i n g  ewe i n  Aust ra l i a . It  descr i bes a se l f-rep l aci n g  f l ock of 

Mer i no  ewes  graz i n g a nnua l  pastu res i n  North V i ctor i a .- · A spec i f i c 

app l i cat i on o f  the  mode l h a s  been i n  eva l u at i n g the economi c and 

b i o l o g i ca l  consequences of chan ges i n  stock i n g rate and l ambi n g  date 

a nd i t  cont a i n s a number of  dec i s i on ru l e s and economi c assump t i on s  

re l ated  to  t h e  above u se .  

T h e  mode l  i ncrements i n  t i me-steps  o f  one week . On ly  con t i nuou s  

g raz i n g  i s  a l l owed ,  w i th a l l sheep graz i n g one paddock . A l l owance was 

made for ewes  i n  d i f fe rent phy s i o l og i c a l  states w i t h i n  t h e  mob ,  by 

ma i nt a i n i n g a numbe r of  coho rt s  f rom concept i on to  weani n g .  Each 

cohort con t a i ned e i th e r  s i n g l e  o r  tw i n -bea r i n g ewes mated o ve r  a 

peri od o f  two week s .  
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Major emphas i s  was p l a ced on the a n i ma l  component of the mode l . 

I n  comp a ri son , t he  pastu re component was l ess  deve l oped . Potent i a l 

pastu re growth  was speci f i ed re l at i ve to  week of the yea r .  Th i s  was 

redu ced by an a s sumpt i on ,  when mean a i r temperatu re was l e s s  than 

10 °C , and when green cover  was l ess  than a cr i t i ca l  l e ve l . Th i s  

l eve l was re l ated  t o  potent i a l  growth rate . 

L os ses f rom green pastu re were as sumed th rough tramp l i n g ,  wh i ch 

was rel ated t o  stock i n g rate and  sene�ence , est i mated as  a fu nct i on 

o f  tota l  pa stu re cover ,  and so i l moi s tu re uptake . Decay was p redi cted 

re l a t i ve to ra i n fa l l i n  the p recedi ng  fort n i ght . 

D i gest i bi l i ty of green herba ge dec l i ned both w i t h  t i me f rom 

germi nat i on o f  annua l  speci es and w i t h  i ncreas i n g green cove r  

D i ge st i b i l i ty of  dead herbage dec l i ned  f rom 55 

to 35% t h rou gh summer ,  the rate  of dec l i ne bei n g  ha stened fo l l owi ng  

ra i n .  

Vo l u nt a ry i nt ake wa s ca l cu l ated a s  a fu nct i on of expected 

( no rma l ) l i vewe i ght of a sheep of a g i ven age .  Du ri ng  l a ctat i on ,  

vol u n t a ry i n take  was adju sted for potent i a l  mi l k  product i on o n  the 

a s sumpt i on that  a ewe p rodu ci n g  3 . 6  kg mi l k /day wou l d  h a ve an i ntake 

twi ce that of  a d ry ewe . The  p roport i on of vo l u ntary i n tak e consumed 

depended on he rba ge d i ge st i b i l i ty ( i ncreas i n g u p  to 85% ) a nd  

a va i l a b i l i ty ( i ncreas i n g u p  t o  1500 kg  DM /h a ) .  I nt ak e  of �reen 

herbage was ca l cu l ated f i rst , then potent i a l i nt ake  of dead  OM was set 

as  the  amount  o f  vo l u nt a ry i ntake not sat i s f i ed by green OM i ntak e .  

S u ck l i n g l ambs were a s sumed to  eat on ly green herba ge . Potent i a l  

herba ge i ntak e was ca l cu l a ted by subt ract i n g  mi l k  i ntake  ( k g o rgan i c  
· matter/day )  f rom potent i a l i ntake  of the l amb. C a l cu l ated  herbage 
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i nt ak e  was , where neces s a ry ,  redu ced to conform to potent i a l  i nt ake  

dete rmi ned by l amb a ge and l e ve l  of mi l k  con sumpt i on .  

T he n utr i t i ona l va l u e  of  i n gested feed wa s  based on t he  

met a bo l i s a b l e  e nergy (ME ) i t  conta i ned.  The genera l  app roach to the 

p a rt i t i on of  ME i ntak e between ma i ntenance and  p roduct i on was s i mi l a r  

t o  t h e  scheme deve l oped  by ARC ( 1 965 ) .  

F a st i n g ene rgy req u i rement s were ca l cu l ated a s  a fu nct i on of  a ge 

and  metabo l i c  l i vewe i ght . T hese were mu l t i p l i ed by an  e xerc i se  

factor  to accol! nt for  graz i n g a ct i v i ty and c l i mat i c condi t i ons 

( h i ghest  i n  w i nte r ) . Ma i ntenance ME was ca l cu l ated f rom fast i n g 

req u i rements  by a l l ow i n g for  t h e  eff i c i ency of  ene rgy ut i l i sat i on for 

ma i ntenance  (KM ) .  Su rp l u s  ME was reta i ned i n  the  body w i t h  an  

e ff i c i e ncy ( KF ) ,  dependent on ME concent rat i on of the di et . Energy 

l os s  f rom the  body equa l l ed ME  defi c i t  mu l t i p l i ed by KM . Change i n  

l i vewei gh t  depended on  the  energy va l u e  of the ga i n ,  wh i ch was re l ated 

to l i vewe i ght . 

I f  a ewe was  pregnant , ob l i gatory ME req u i rements were speci f i ed 

depend i n g  on l i tter  s i z e a nd  day of p regnancy .  Req u i rements  were 

i ndependent  of  l amb b i rth we i gh t s ,  wh i ch we re ca l cu l ated i n  ret ros pect 

f rom ewe l i vewe i gh t  at  l ambi n g  and  ch ange i n  ewe l i vewei ght over the  6 

week s p reced i n g  l amb i n g .  

P otent i a l  mi l k  p roduct i on was ca l cu l ated for s i ngl e and 

1 twi n -bea ri n g  ewes , a s  a fu n ct i on of week of l actat i on ,  sca l ed by l a mb 
I 
I 
1 h i rt h  we i gh t . Actu a l  mi l k  y i e l d  was as sumed t o  be redu ced i n  re l at i on 

t o  a nt i c i pated energy def i ci t .  ME used for p regnancy and  l actat i on 

was  added  t o  ma i ntenance p ri o r  t o  ca l cu l at i n g  energy retent i on by the  

ewe . 
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Potent i a l week ly woo l  growth rate was  speci fi ed from potent i a l  

a nnu a l  f l eece wei ght for a dry sheep (an  i n put ) by al l ow i n g  for 

s easona l va r i a t i on i n  wool growth . Actua l  week ly wool growth rate was 

t hen re l ated  to ME i ntake ( l es s  that u sed for pregnancy or  l a ctat i on ) 
a n d  potent i a l  ME i nt ak e  of a d ry ewe . 

Ewe fecu ndi ty wa s determi ned f i rst from ovu l at i on rate ,  wh i ch was 

rel ated to month of  the year ,  ewe l i vewei ght  at mat i n g ,  and ewe 

l i vewei ght  change t h ree week s p ri o r  t o  mat i n g . Then pos s i b i l i t i es of 

fert i l i sat i on fa i l u re (h i gher i n  s p ri ng  than au tumn ) and embryo 

mortal i ty ( dependent on  fecundi ty status - s i n g l e  or  twi n ,  mat i n g 

l i vewe i ght  a n d  ewe l i vewei ght cha n ge over 2 1  day s post -co i tu s ) , we re 

a ssumed .  F i na l ly ,  l a mb su rvi va l t o  wean i ng was ba sed on l amb b i rt h 

s t atus ( s i n g l e or  tw i n ) , bi rt h wei ght and mean week ly c l i mat i c  

condi t i on s  at l ambi n g .  

De sp i te many of  t h e  pa rameters havi ng  been de ri ved f rom data 

o n  the A u s t ra l i a n Me ri no (e . g . potent i a l  l a ct at i on cu rves , l amb b i rth 

wei ght ,  and reprodu ct i ve pa rameters ) , the bas i c  st ruct u re of th i s  
-

model appea red qu i t e  genera l  and a dapatab l e .  

3 . 6 . 6  Sheep Model (Vera £!. ll• ,  197 7 } 

Th i s  mode l was const ructed t o  fu rther de ve l op ra n ge mode l s  

e xi st i n g  at the t i me  o f  constru ct i on .  I t  rep resented energy i n take 

a nd ut i l i s at i on by the  graz i n g ewe . 

L i k e  Wh i te ' s  model  t h i s  mode l  u sed the  ME nut r i t i on a l  app roach . A 

major d i f ference between the two mode l s  was  the  method o f  ca l cu l a t i n g  

e nergy def i c i ts  i n  p regnant a n d  l a ctat i n g  ewe s .  Vera et a 1 .  
- -

assumed 

separate part i a l eff i ci enci es for  mob i l i sed e nergy in  sat i s fy i n g the 

requ i rement s o f  ma i ntenance , p regnancy and l a ctat i on • . So  for  a 
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pregnant ewe i n  negat i ve ene rgy bal ance the eff i c i ency of d i etary 

e nergy u se for p regnancy was  0 . 2 ,  and mobi l i s ed energy 0.2 5 .  F or 

l actat i on the  respect i ve e f f i c i enci es  were 0 . 7  a nd  0 .85 ,  and  for  

ma i ntenance t h ey were  KM and  1 . 0 .  Wh i te ,  by addi n g  ME  requ i rement s 

for  p regnancy a n d  l a ctat i on to  ma i ntenance , a s s umed the same 

p ercenta ge i nc rease  i n  e ff i c i ency of e ne r gy u se f rom mobi l i sed  energy 

for  p regnancy and  l a ct at i on as  for  ma i ntenance . Fo r  exarrp l e ,  i f  KM 

was  o .  7 pa rt i a l  eff i c i enc i es f o r  d i et a ry and  1Tfob i l i sed energy wou l d  be 

0 . 2  and  0 . 2 85 for  _p re gn a ncy ,  and  0. 7 a nd  1 . 0 fo r l actat i on .  

O t he r  di fferences i nc l u ded :  ( 1 )  spec i f i c  ca l cu l at i ons o f  energy 

u sed i n  wa l k i n g and g raz i n g ,  ( 2 )  a l l owance for p redi cted l amb b i rth 

we i ght i n  descr i b i n g  requ i rements  du r i n g  p regnancy ,  and ( 3 )  potent i a l  

m i l k  y i e l d  for ewes i n  negat i ve energy ba l a nce was spec i fi ed by 

p l ac i n g  a n  u pper  l i mi t t o  hody energy mob i l i s at i on ,  w i th  potent i a l 

y i e l ds bei n g  reduced where ewe l i vewei gh t dec l i ned be l ow - 1 7 %  o f  

' n orma l ' l i vewe i gh t .  

3 . 6 . 7  Sheep Model (G raham et �· , 19 76 ) 

T h i s mode l was  con s t ru cted a s  a f i rst  attempt at a gene ra l mode l 

wh i ch can  s i mu l at e  the  p roces ses of di ges t i on and  metabo l i sm i n  s heep 

f o r  any s i tu at i on .  

T h i s  i s  p robab ly  t h e  mos t  corrp rehens i ve pu b l i s hed sheep model . 

I t  t reats  both n i t roge n  a n d  ene rgy ut i l i sat i on i n  sheep of  any a ge or 

p hy s i o l o g i ca l  s tate , on  a dai ly  bas i s .  It a l s o  has an envi ronmenta l  

; component  i n f l uenc i n g  h eat l os s  f rom the  s horn sheep . Ami no a ci ds 
I� 
1 ( n i t rogen ) ma de a va i l a b l e  f rom t he di et a re part i t i oned between the 
! j va r i ou s body fu nct i on s  depend i n g  on  requ i rement s ,  i n  nuch the same way 

} a s  ME i s  pa rt i t i oned.  Pote nt i a l  p roduct i on of  wool , conceptu s and  
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mi l k ,  are tempe red by the avai l a bi l i ty of both n i t rogen and energy .  

T h e  compos i t i on o f  body ga i n  or l oss  ( p rote i n or fat ) i s  dependent on 

t he n i t rogen and  e nergy ba l ance a fter the p roduct i ve ob l i gat i ons are 

met . 

Re l at i onsh i p s descr i bi ng  n i t rogen u se were deri ved emp i ri ca l l y  

a n d  the authors caut i on a gai nst  us i n g the  mode l beyond t he  bounds of  

the  or i gi na l observati on s .  Howeve r pred i ct i ons  of l i fet i me body 

compos i t i on a re q u i te reasonab l e. One of the p robl ems i n  app ly i n g 

s u ch a model i n  a graz i ng sy stem mode l , i s  the l ack of i n format i on for 

q u ant i fy i n g l e ve l s  of c ru de protei n i n  pa stures . The f i na l  deci s i on 

o n  adapt i n g such  a mode l mu st however  re s t  on whether the e xt ra 

comp l e x i ty i s  ju st i fi ed  by the object i ves  for the mode l . 

3 . 6 .8 Graz i n g Mode l (C hr i st i a n � �. ,  1978 ) 

Th i s  mode l i s  probab ly  the most comp rehen s i ve graz i n g mode l  

des i gned for  app l i cat i on i n  pract i ca l  fa rm dec i s i on mak i n g.  It  has 

been const ru cted t o  ena b l e exami nat i on of  a wi de range of graz i n g 

ma nagement deci s i ons  for a number of  mobs of sheep and has  an 

opt i mi sat i on rout i ne .  

Pa rameters  f o r  determi n i ng  re l a t i ve net pastu re growth  rate were 

u ser speci f i ed .  Green herbage wa s as sume d  to pass th rou gh a ra n ge of 

d i gest i b i l i ty c l a s ses . T h e  rate of matu rati on was a fu nct i on of 

s eason . Mater i a l  was l ost from each d i ge st i b i l i ty cl ass  by decay . 

Potent i a l  i nt ak e  was  p ro gess i vely sat i s f i ed f rom successive c l a s ses  of  

h erba ge , i n  descendi n g  o rder of di gest i b i l i ty .  The cont ri b ut i on from 

each c l a ss  depended on i t s  di gest i bi l i ty ,  ava i l a b i l i ty ,  and the  

p roport i on of potent i a l  i ntake not p revi ou s ly sat i s f i ed.  
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The s heep component wa s s i mi l a r  i n  s t ructure to  Wh i t e  ( 1 9 7 5 )  and 

Ve ra � !l· ( 1 9 7 7 ) .  

3 . 6 . 9 Graz i ng Model ( E d e l sten  � Newton , 1 97 7 )  

T h i s mode l wa s  b u i l t  a s  part o f  an  overa l l resea rch p ro gramme to 

s peci fy an opt i mu m  l amb p roduct i on sy stem for l owl and  farme rs i n  

G reat R r i ta i n .  

T h e  mode l s i mu l ated  a f l ock o f  ewes and l ambs f rom the t i me o f  

l ambi n g  u nt i l l ambs were so l d .  Emphas i s  wa s  p l aced on eva l u at i ng 

economi c retu rns  resu l t i n g f rom ma n i pu l at i on of graz i n g rotat i ons , 

concent rate feed i n g ,  s i l a ge con servat i on ,  l ambi n g  dates and stock i n g 

rates . Many featu res o f  the system were t reated s i mp ly . For  examp l e  

net pas t u re g rowth  was entered  a s  a t ab l e f rom cutt i ng data a nd 

d i gest i b i l i ty was  re l ated to  t i me of  yea r .  

The most  i nt e res t i n g  fea t u re o f  t h i s model was that each an i ma l  

i n  t h e  f l ock w a s  mode l l ed i nd i vi du a l ly .  The i nternal  dynami c s  of  the 

mode l we re det ermi n i st i c ,  but each a n i ma l  was ass i gned a fact o r  f rom a 

n orma l d i s t r i but i on o f  fact ors of s pec i f i ed standard dev i at i on and  

mean equ a l  t o  one . T h i s  factor was  u sed t o  adjust the p redi cted  ( mean ) 

i ntake  a n d  potent i a l  mi l k  p roduct i on for  t hat i nd i vi dua l . I n i t i a l  

wei ghts , b i rt h dates  and  b i rt h s t at u s  o f  the l ambs were set at the · 

begi nn i n g  of t he  s i mu l at i on .  

W h i l e  i nd i v i du a l  a n i ma l  s pec i f i cat i on appea red t o  be just i f i ed i n  

s imu l a t i n g  the ve ry i ntens i ve systems rep resented by th i s  mode l , the 

a dd i t i on a l  execu t i on t i me req u i red ma k es i t  i mp ract i ca l  for  mos t  

s i t u at i ons . 
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3 . 6 . 10 I ntake Model ( S i bba l d  & !l· ' 1 9 7 9 ) 

S i bba l d  & �· have produced a conceptu a l  mode l of he rba ge i ntak e 

a s  a ba s i s  for p redi c t i n g  he rba ge and di et q u a l i ty at a ra n ge of 

s tock i n g rates  and g raz i n g mana gement strateg i es . Herba ge was 

represented as qu anti.t i e s i n  di sc rete d i gest i b i l i ty c l asses , ra n gi n g  

between 3 4  and  80%. E a c h  cl a s s  covered 2 d i ges t i bi l i ty u n i t s .  New 

g rowth entered week ly at  80% d i gest i b i l i ty .  The  proport i on of each 

c l ass deter i orat i n g to t he next c l a s s  was ca l cu l ated re l at i ve to 

d i gest i b i l i ty ,  from one of  three fu nct i ons  de r i ved emp i ri ca l ly for 

d i fferent t i mes of the  year.  Deteri orat i on f rom the l owest 

d i ges t i b i l i ty c l a s s  was  l ost f rom the  sy stem. 

D i et se l ec t i on was mode l l ed by the a l l ocat i on of l OO ' b i tes ' .  

Unde r  ra ndom se l ect i on the  number of bi tes a l l ocated to  each c l a s s  

wou l d  be  p roport i ona l to  the amou nt of he rba ge each contai ned.  A 

concept u a l  sel ect i on i nde x was ca l cu l ated re l at i ve to  graz i ng 

p ressu re {p redi cted OM i ntake/DM p resent ) t o  determi ne  se l ect i on bi as  

for  each d i gest i b i l i ty c l ass  ( i . e .  the  mu l t i p l e  of  randomly al l ocated 

b i tes a l l ocated to a c l a s s ) .  Se l e ct i on was then rest ri cted by a 

maxi mum  pe rcentage o f  he rbage that cou l d  be remo ved from each c l as s ,  

a nd a se cond ma xi mum percentage remova l where a cl ass conta i ned l es s  

t h an 5%  of  total herba ge .  

T he mode l appeared t o  gi ve re asonab l e p red i ct i on s  of d i et 

d i gest i b i l i ty when compa red to  f i e l d  data , bu t was not wi de ly tested .  

3 .7 CONCLUS IONS 

F rom the  forego i n g  i t  can be seen that t h e re are a numbe r of 

p ub l i shed  mode l s wh i ch have gene ra l re l e va nce  to  th i s study .  E ach 

d i ffe rs i n  t e rms of  the object i ves for thei r de ve l opment , and i n  

degree  of  ge nera l i ty .  M ost st ruct u res cont a i ned  some emp i r i ca l  and  



57  

� hoc rel a t i onsh i ps ,  i f  on ly  to  make  them fi t observed data from the 

system of  i nterest , so that they cou l d  be used for exper i mentat i on .  

Ad hoc  re l a t i onsh i ps appea red to  be  most p reva l ent i n  the  past u re 

and  i nt a k e  components of  mode l s ,  where no genera l ly  accepted st ructu re 

emerged . The  an i ma l  component s were i n  the ma i n  based on the ME 

nut r i t i o n a l  app roach , and showed a great dea l  of s i mi l a r i ty i n  the way 

energy was p a rt i t i oned . 

Anot h e r  common featu re of the  mode l s was that one component ( e . g .  

pastu re , an i ma l  o r  management ) was t reated i n  much greate r  deta i l  than 

the ot he r s . Obv i ou s l y  the  stated obj ect i ves for the mode l had some 

i nf l uence on th i s ,  a l though i t  i s  suspected that di sci p l i n a ry 

or i entat i on of  the  model l e r ( s )  may al s o  have had an i nf l u ence . 

None of  the model s rev i ewed were compl etely su i tab l e for use i n  

study i ng  N I HC gra z i ng  systems because  they were t a i l ored t owa rds 

spec i f i c  pas t u re types , topography or cl asses of stock not app l i cab l e  

t o  New Zea l a nd ' s  N I HC .  I n  add i t i on n o  model was general  enough i n  

st ruct u re t o  be eas i l y adapted s i mp l y  by al te ri ng  the va l ue o f  a 

numbe r  of  pa rameters . Some p re l i mi n a ry res u l t s  of a- mode l l i ng effort 

that  has been goi ng  on i n  N I HC have been pub l i shed by F i e l d � �· 

( 1 981 ) .  However  deta i l s  of  the i r model were not pub l i s hed , except to 

state that i t  was d r i ven by pas t u re cutt i ng data wh i ch were adj usted 

by a sea sona l  mu l t i p l i e r t o  f i t observed growth rates under set 

stock i ng .  T he  obj ect i ves of the mode l  were to ai d i n  ma nagement 

deci s i on mak i n g ( i . e .  app rop r i ate stock i ng rates ) i n  farml et t ri a l s .  

Howeve r  the  p re l i m i n a ry natu re of the  wo rk was emphas i sed . 

The u n s u i t a b i l i ty of any s i n g l e model , coup l ed wi th the  

d i f f i c u l t i es i n  adapt i ng another  person ' s  model ( see Sect i on 2 . 4 . 1 . 2 ) , 

det e rm i ned t hat  i t  wou l d  be nece s s a ry to const ruct a new mode l  to 
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study N I HC graz i n g systems . De sp i te bei ng  an ambi t i ou s  a i m  i t  was 

des i red to  ma ke  t h i s  mode l as  conceptua l ly  genera l ( bi o l og i ca l ly 

mean i n gfu l ) i n  s t ru ct u re as poss i b l e ,  to ena b l e  i t  to  be read i ly 

a dapted , say t o  other sheep g raz i n g sy stems i n  New Zea l a nd .  The 

p ub l i shed  mode l s  di d howeve r ,  p rovi de a good base from wh i ch to  sta rt , 

p a rt i cu l a r ly t he  an i ma l  components of  these mode l s .  
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To dea l w i th the stated a i m  of  i n ve s t i gat i n g  opportun i t i es for  

i nc rea s i n g  p roduct i on on N I HC sheep fa rms , u s i ng a sy stems app roach , 

i t  was  f i rst neces s a ry t o  conduct a thorou gh sea rch o f  the rel event 

l i t e ratu re ,  and  to a s semb l e  i n format i on descr i b i n g  the sy stem i nto a 

mode l , a s  a statement of- cu rrent  u nderstand i n g about the system. 

T he  need to cons t ru ct a n ew mode l , rather  than adapt an ex i st i n g 

mode l  was  d i s cu s sed  i n  Sect i on 3 . 7 .  Howeve r ,  ex i s t i n g mode l s ,  and i n  

p a rt i cu l a r the model  o f  Wh i te ( 1 975 ) ,  p rovi ded a ba se t o  start from. 

I n  t h i s  Chapter  a br i e f  o ve rv i ew of the system u n der  study i s  

p resented , an  i nt rodu ct i on to the  s t ructu re and  bounda ri es  of the model  

a re g i ven and sou rces of  data u sed i n  mode l  const ru ct i on a re d i scu s sed.  

F o l l ow i n g , i n  Chapters  5 a nd  6 ,  the i n i t i a l ve rs i on of the mode l i s  

des cr i bed .  Su bsequent mod i f i ca t i on s  to components of  the mode l , ba sed 

on component  eva l u at i on ,  a re d i scus sed i n  Chapter 7 and i n  C hapters 8 

a nd 9 resu l t s of e xper i mentat i on on  the mode l a re presented and 

o ve ra l l c on c l u s i on s  a re d i s cu s sed .  

4 .2  BR I E F  DESCR I PT ION OF  N I H C  GRAZ ING SYSTEMS 

Phys i ca l  featu res of N I HC pastora l  l an d ,  and  i ts produ ct i on 

s t at i s t i cs ,  a re revi ewed by H i ght ( 1 97 9 ) .  The a i m  i n  cons t ru ct i n g  the 

g ra z i n g model  was  to  rep resent only those fa rms deve l oped i n  terms of 

p as t u re ,  s u bd i v i s i on and  stock water ret i cu l at i on .  Ne i ther the 

t echno l o gy i n vo l ved i n  deve l op i n g  pastu res , nor t he economi cs  of  

p astu re deve l opment and  s u bdi v i s i on were at  i s su e .  
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On most h i l l  cou n t ry fa rms there i s  a l a ck of p l ou ghab l e l an d .  

H ence , sy stems a re con s t ra i ned by an  i nab i l i ty to grow forage c rops , 

o r  conserve s u rp l u s  pastu re.  An i ma l  produ ct i on systems comp ri se  

ma i n ly breed i ng  ewes and cows and  thei r rep l a cement s ,  wi t h  va ry i n g  

degrees of f i n i s h i n g  of  ma l e  l ambs a n d  beef  weaners . The de gree o f  

f i n i s h i n g  tends t o  depend on l a nd contou r a n d  fe rt i l i ty ,  a n d  summer 

ra i n fa l l .  A n i ma l s  not f i ni shed a re genera l ly s o l d  as stores i n  ei ther  

early summe r or autumn , i n  the case of l ambs ,  o r  at  autumn weaner  

s a l e s  i n  the  case of  ca l ve s .  Su rp l u s  ewe l ambs are u s u a l ly  e i ther 

so l d as  ewe l ambs i n  l ate summer or  as two-t ooths  one year l ater .  

The  cha l l en ge to graz i n g resea rch i s  to devi se sy stems that 

a ch i eve most eff i c i ent u t i l i s at i on ( economi ca l l y ) of pastu re grown , 

a nd to  i dent i fy a nd where poss i b l e  a l l e vi ate , technol ogi c a l  

cons t ra i nt s  to  sy stem i mprovement . 

4 .3  DETA ILS OF MODEL ORGAN ISAT ION 

4 . 3 . 1  System B oundari e s  

T he  conserva t i on a nd  feed i n g  of hay or  s i l a ge , or the growi n g  o f  

fora ge c rop s ,  i s  n ot p ract i ca l  o n  many N I HC farms . S i nce t h i s redu ced 

f l e xi b i l i ty i s  a ma jor probl em con fronted by h i l l  count ry fa rmers , 

perenn i a l  pastu re was the on ly feed sou rce con s i de red i n  the mode l . 

Desp i te the  p resence of catt l e  on many N I HC fa rms , sheep were the  

on ly a n i ma l  spec i e s  represented . Cat t l e ,  were omi tted pu rely t o  l i mi t  

the  s i z e  o f  the study .  However i n  recent yea rs  the re has  been a t rend 

toward s heep only systems i n  N IHC {NZMWBES , 1984b ) .  One reason for 

t h i s has been t he l on g-term comp a rat i ve economi c advantage of  sheep 

ove r  cat t l e {NZMWB , 1 984b ) .  As we l l , there has  been a grow i n g  

rea l i sat i on that s heep a l one ,  a re capab l e  o f  cont rol l i n g sp r i n g  
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pastu re i f  approp r i a te ly managed , negat i n g one of  the t rad i t i ona l  

r ol e s  for  catt l e .  

W h i l e  recogni s i n g  that economi c c i rcums tances cou l d  readi ly 

change , a n d  that  fact ors such  as weed contro l  and  compl i menta r i ty 

between spec i es  (e . g. for  feed and  l a bou r requ i rements )  wi l l  ensu re 

t he p l ace o f  cat t l e  i n  many sy stems , i t  was  con s i dered rel e vant to  

s t u dy sheep gra z i ng systems i n  l i ght  o f  thei r techn i ca l  and  economi c 

p os s i b i l i t i es .  

E ven w i th i n sheep graz i n g sy stems i t  was not pos s i b l e  to 

i n vest i gate a l l opport u n i t i es for i n creas i ng p rodu ct i on i n  the t i me  

a va i l ab l e .  I ncorporat i on of  hogget s and  hogget l ambi n g i nto t he 

systems we re not stu d i e d ,  a l thou g h  da ta conce rn i n g these aspects were 

a s sembl ed i n  the  mode l .  

4 . 3 . 2  Mode l Type 

S i mu l at i on was t h e  method chosen for t h i s study . l The appea l of 

s i mu l at i on l ay i n  the l a ck of  res t ri ct i on on mode l st ruct u re ,  and on 

t he  form of rel a t i on s h i p s  i n  t he  mode l . Th i s  a l l owed _comp l ex 

re l at i on s h i p s  i n  the  graz i ng sy stem to be expres sed re l at i ve ly eas i ly . 

I t  a l s o a l l owed f l ex i b i l i ty t o  deve l op and  eva l uate speci f i c 

components  o f  the mode l i n  i so l at i on ,  by a l ter i n g  i nput and ou tput to 

s u i t  the s i tu at i on .  A draw back of s i mu l at i on ( noted  i n  Sect i on 3 . 5 ) ,  

i s  t he  l ack o f  opt i mi s i n g  a b i l i ty pos sessed by tech n i ques such as  

l i nea r p rogrammi n g .  Th i s means  that a l t e rnat i ve systems cannot be 

comp ared under  cond i t i on s  whe re a l l othe r  control  dec i s i on s  are at 

t he i r opt i mum l evel s ,  a nd  compari sons may be af fected by these 

dec i s i on s .  

lT he  computer  p rogram wa s w r i t ten i n  Fortran  7 7  for  runn i n g  on a 
P R I ME 7 50 comp uter .  
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4 . 3 . 3  T i me  U n i t  

C omponents  of  t h e  mode l were standa rdi sed  to  a t i me per i od o f  1 

day .  One day i s  an often quot ed u n i t of t i me  i n  the  pasture 

l i t e ratu re , a nd  i n  t he s heep l i te ratu re l eve l s  of  rat i on i n g  and  i nt ak e  

a re a l s o often e xp ressed on a dai ly bas i s .  Longe r  t i me u n i t s  of one 

or two week s ,  wh i l e savi n g  on comput i n g t i me ,  were u l t i ma te ly 

c on s i de red u n s u i tab l e becau se g raz i n g dec i s i ons  i n  i ntens i ve h i l l  

c ou nt ry systems , s uch as l e ngth of rotat i on ,  or  t i me  between sh i ft s , 

a re u sua l ly made i n  mu l t i p l es of days  rathe r  than  week s .  

4 . 4  SOURCES OF DATA FOR MODEL CONSTRUCT I ON 

N I HC i s  serv i ced by a rel at i vely sma l l  numbe r of re sea rch 

s ci ent i s ts . The two ma j o r  resea rch stat i ons , Whatawhata  and 

B a l l ant rae , at  p resent emp l oy i n  the vi c i n i ty of 14 and 6 s c i ent i s ts , 

r espect i ve ly , a nd  a number of regi ona l satel l i t e stat i ons  each emp l oy 

one or two s c i ent i sts  • Past research commi tment s to t he appl i cat i on 

o f  cu rrent k nowl e dge to  speci f i c  h i l l  cou ntry probl ems , resu l t ed i n  a 

s i tuat i on whe re at  t he  commencement of the  study ,  l i tt l e  i n forma t i on 

o f  a su i t ab l e nature for  model const ru ct i on ex i sted for the  h i l l  

c ou nt ry env i ronment . Th i s  i n i t i a l probl em was c i rcumvented by the  

a ssumpt i on t h at mu ch of the  ba s i c i n fo rmati on re lat i n g to  perenn i a l 

p as t u res and  a n i ma l s  i n  other env i ronme nts wou l d  apply to the  h i l l  

c ou n t ry e nvi ronment , wi t h  app rop ri ate adaptat i ons . 

I n gene ra l , greater  di ffi cu l ty was exper i enced i n  obta i n i n g  

s u i tabl e dat a  f o r  t h e  pastu re component t han t he ani ma l . T h e  on ly 

pub l i shed i n fo rmat i on on  h i l l  c ou nt ry pastu re growth re l ated to  

des c r i pt i on s  o f  the  annua l  patt ern  of  net  p roduct i on assessed by the  

t ri m  tech n i q u e  (Radc l i ffe,  1974 ) ,  on  va ry i n g  aspects at  a number of  
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s i tes  ( G i l l i n gh am,  1 9 7 3 ; Suck l i n g ,  1 9 7 5 )  and u nde r  vary i n g  

fert i l i se r  t reatment s ( S u ck l i n g ,  1 97 5 ; Lambert � !L. ,  1 983 ) .  A s  

s u ch , the dat a  l ack ed t h e  det a i l req u i red  for model const ru ct i on on 

both t he dy nami c s  of  past u re p roduct i on u nder graz i n g ,  and  t h e  

env i ronment a l  determi nants of  growth . I t  d i d howeve r · show that , 

u n l i k e  t h e  reasonab ly homogenou s env i ronments  de scr i bed  by other 

g raz i n g  mode l s ,  pasture p roduct i on i n  t he  h i l l  country en v i ronment 

va r i es  ma rk ed ly  between s i tes  of  d i f fe rent s l ope and aspect w i th i n  a 

f a rm. Th i s  i s  becau se of d i f fe rences i n  mi crocl i mate , s o i l f e rt i l i ty 

and  s pec i es  comp os i t i on between a spect s and  s l opes and makes  i t  

d i ff i cu l t  t o  e s tab l i sh the concept o f  a representat i ve pastu re . 

O n t h e  oth e r  h an d  the  re l at i ons h i p s  u sed i n  a sheep component 

were rel a t i ve ly we l l resea rched . An exten s i ve recent rev i ew of an i ma l  

responses  to  d i eta ry energy (ARC , 1 980 ) a n d  ma ny of i t s s ou rces , 

p rovi ded dat a  for  the  sheep component . 

T h e  rev i ew accompany i n g the desc ri pt i on of  model component s was 

n ot e xh au s t i ve . No  attempt was ma de t o  d i s cu s s  a l l of the l i t e rat u re 

on  the  va r i ou s  components . R athe r ,  ma j o r  work s y i e l di ng est i mates of  

t he i mp ortant  funct i ons  and parameters ,  a s  dete rmi ned by s t ruct u re of  

t he mode l c hosen , were revi ewed.  The  f unct i on s  deri ved va r i ed  i n  

c omp l e x i ty f rom s i mp l e  l i nea r funct i on s , to  more comp lex  l o gi s t i c 

f u nct i on a l  forms . A comp l ex fu nct i on was u sed where there was 

s u bstant i a l  e v i dence to su pport i t s use o r  whe re , conceptu a l ly , i t  

a ppea red t o  be the  best  choi ce . I n  othe r i n s tances l i nea r fu nct i on s  

were a dopted a s  a f i r st  approxi mat i on .  
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4 . 5  DESCR I PTION OF THE MODEL 

A descri pt i on of the  rel at i onsh i p s u sed  i n  the mode l i s  gi ve n i n  

C hapters 5 and  6 .  Because t he same bas i c  re l at i onsh i p s cou l d  

conce i vably be s t ru ct u re d  d i ffe rently i n  a s i mu l at i on mode l bu i l t  by 

a not he r  pe rson , n o  p rogram l i s t i n g has been i nc l uded .  However a l l of 

the b i o l og i ca l  r e l a t i onsh i ps conta i ned i n  the model are p resented i n  

C hapte rs 5 and 6 . 2 These a re gi ven e i th e r  i n  equ at i on form o r  as  a 

graph for s i mp l e  l i ne a r  or grafted l i nea r ftl nct i ons . 

2Note a l so s ome a l t e rat i ons to  ba s i c  components wh i ch a re g i ven i n  
C hapter 7 .  
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Chapter 5 

THE PASTURE -SOI L  COMPONENT 

5 . 1  I NTRODUCT ION 

T he  app roach adopted i n  many p rev i ou s  pastu re mode l s of l i mi t i n g 

t he mode l  t o  a speci f i c a rea o r  a few spec i es  based on emp i r i ca l  data 

was not s u i t a b l e  for  t h i s mode l  hecause  o f  data l i mi tat i on s  and 

d i f f i cu l t i es i n  estab l i sh i ng what con s t i tuted a rep resent at i ve h i l l  

c ou n t ry p a s t u re ( s ee Sect i on 4 . 4 ) .  T h i s  p rompted the  move t owa rds 

con s t ru ct i on o f  a more gene ra l  mode l  wh i ch cou l d  expl a i n va r i at i on i n  

pastu re p roduct i on between s i tes and  a s pects on h i l l  cou nt ry ,  ba sed on 

d i fferences  i n  t he env i ronment a l  dete rmi nant s  of product i on .  The 

pastu re was  t reated a s  an eco l og i ca l e nt i ty ,  thus avo i di n g  the 

q uest i on of the e ffects of spec i es compos i t i on on the pattern of 

p roduct i on .  S pec i es compos i t i on was  a s s umed to be determi ned by soi l 

fert i l i ty .  

A pastu re may be vi ewed a s  a dy nami c sy stem con s i st i n g  o f  two 

s tates , l i ve ( green ) and  dea d ,  w i th t i s s ue  f l ows  occu r ri n g between 

t hese states  a n d  both i nt o  and  out of the sy stem. Li ve t i s s ue  enters 

t he sy stem a s  a resu l t  of  photosynthet i c  act i vi ty by the swa rd .  I f  

n ot consumed  by a graz i n g an i ma l , i t  w i l l  eventua l ly senesce , f l ow i ng  

i nto the  dead poo l . T i s s ue  i n  the dead poo l  i s  l ost from the  sy s em 

v i a decompos i t i on ,  or remo va l  by s oi l f l o ra . 

I n  t h i s C h ap ter  factors  i n c l u ded i n  the  model wh i ch affect t i ss ue  

f l ow rates  a re d i s cu s sed .  They a re s h own d i a g rammat i ca l l y  i n  F i g . 

5 . 1 . A re l e vant  re v i ew of  t i ssue dynami c s  w i th i n  a swa rd , s i ghted  

a fter con s t ru ct i on  o f  th i s  part o f  the  mode l , i s  gi ven hy H odgs on � 
a l . { 1 981 ) .  
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5 . 2 THE GENERAL PASTURE MODEL 

5 . 2 . 1 Est i mat i on of Growth Rate 

Des p i t e  i t  bei n g  pos s i b l e  to p red i ct pasture growth by 

cor re l a t i on t o  any maj o r  growth l i mi t i ng factor e . g .  soi l water 

a va i l a b i l i ty over s ummer ( S c atter � �. ,  1979 ) ,  or temperatu re ( Ba a rs 

& Wa l l e r ,  197 9 ; F i e l d ,  1 9 79 ) , the  st a rt i n g poi nt fo r photosynthes i s  

i s  energy supp l i ed by so l a r  rad i at i on .  I n  the absence of l i m i t at i ons 

by oth e r  fact ors  the l evel  of  photosynthes i s  conducted by a p l ant i s  

governed  by the  amount  of  s o l a r  energy recei ved (Al berda , 1962 ; 

Sheehy & Peacock , 1 9 7 5 ) .  Fo r these reasons rad i at i on was chosen as  

the var i ab l e t o  ' d ri v e '  the  past u re component of  the model . 

The effi c i ency of  rad i a t i o n use for photosynthes i s i s  

i n f l uenced  by a numbe r of facto rs . Hes keth ( 1 963 ) , Cooper & Ta i nton 

( 1 968 ) and Sheehy & P eacock ( 1 9 7 5 ) a l l demonst rated that l eaves of 

d i f fe rent pastu re spec i es di ffer  i n  the eff i c i ency wi t h  wh i ch they 

conduct  photosynthes i s .  As wel l ,  di fferences occur between l eaves 

formed du r i n g  rep roduct i ve and vegetat i ve stages of past u re grow�h 

( Wo l edge & Leafe 1 9 76 ) . Upper l i mi t s to the eff i c i ency of rad i at i on 

u s e  i n  t h e  model  were speci f i ed depend i ng on soi l fert i l i ty and 

rep rod u ct i ve status  of the swa rd . Atta i nment of the upper l i mi t 

depended on  the  l i ght  i nt e rcept i ng abi l i ty of the swa rd ,  as as ses sed 

by i t s  l ea f  a rea i ndex , a i r temperature ,  and soi l moi s t u re l evel s .  

5 . 2 . 1 . 1  Potent i a l Growth i n  a C l osed Canopy 

I t  wa s assumed that  i n  a c l osed  canopy ( i . e .  above cr i t i ca l  LAI ) ,  

s i nce  a swa rd i ntercepts i n  .exces s of 95% of i n comi ng  rad i at i on 

( B rougham 1 9 56 ) , net photosynthes i s
1 

shou l d  be p roport i ona l  to energy 

1That  i s  net photosynthes i s determ i ned as the i nc rease i n  p l ant dry 
we i gh t  pe r u n i t  area , res u l t i ng f rom gross photosynthes i s  l ess  
photosynth a te  u sed up  i n  res p i rat i on associ ated wi t h  growth .  
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s upp l i ed by sol ar  rad i at i on .  Des p i t e  Sheehy & Peacock ( 19 75 ) , 

Wol edge & Lea fe ( 1 976 ) and Sheehy ( 1 97 7 )  al l observ i ng  gross carbon 

i n f l u x  to  app roach an asymptote i n  past u res at h i gh rad i at i on 

i nt ens i t i es ,  sat u rat i ng l i ght i ntens i t i es wou l d  sel dom be experi enced 

by past u res i n  New Zeal and , except for short peri ods on some summer 

days . Net phot osynthes i s  was therefore ass umed to be di rect ly  

p roport i ona l  to  da i ly radi at i on rece i pt .  

A re l at i ons h i p  wa s der i ved between dai ly rad i at i on . and net 

phot osynthes i s  ( g  DM/m2 /day ) by ass umi ng net photosynthes i s  to be 

rea sonab ly  app rox i mated by crop growth rat e  for pastu re ,  es t i mated by 

the  reg res s i on of p l ant . dry wei ght over t i me ,  under f requent 

a s s es sment i n  favourabl e cond i t i ons ( W . G .  Du ncan pers . comm . ) .  

Maxi mum crop growth rat es ( CGR ) for pastu re are rev i ewed by 

Cooper ( 1 9 70 ) . From New Zea l and work rev i ewed max i mum CGR appears to  

be  about 18  to 19 g DM/m2 /day , mea su red by Brougham i n  pu re ryegrass 
1 

swa rds i n  spr i n g .  Average rad i at i on l evel s we re 510  Langl eys/day .  

As s umi ng  ene rgy i s  sto red i n  pastu re a t  1 8  J/g OM , th i s  rep resents an 

eff i c i ency of  ene rgy u t i l i s at i on of 1 . 56% , or expres sed as the 

re l at i ons h i p between net photosynthes i s  and dai ly rad i at i on ,  

0 . 03 7  g DM/m2 /Lang l ey/day . 

Pastu re growth rate  was ca l cu l ated f rom net photosy nthes i s l ess  

t he  fract i on of total  swa rd wei ght used by dai ly  ma i ntenance 

resp i rat i on ( MR )  ( s ee Sheehy et �. , 1979 ) .  A constant of 1 . 5% of  

swa rd wei ght  was  ass umed by Sheehy et �- { 1979 ) for MR i n  thei r 

det a i l ed phys i o l ogi ca l  model of ryegrass growt h .  However here , MR was 

a s s umed to  be re l ated to  temperature ( A . P .  Chu pers . comm . ) and was 

1 Lan g l ey = 1 ca l . cm-2 
= 4 . 186x104 J .m-2 
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i nc reas ed l i nea r ly  f rom 0 at 4 °C wi th  a s l ope of 0 . 09375 

percentage un i t s per  degree C .  

O n  most h i l l  cou nt ry soi l s ,  soi l fe rt i l i ty rest ri cti ons wi l l  

l i m i t  max i mum CGR we l l bel ow that desc ri bed by Brougham for a 

h i g h l y  fert i l e  so i l .  Asses sment of the  upper l i mi t to eff i c i ency of  

rad i at i on use o n  a so i l i s  d i f f i cu l t ,  owi ng i n  part to  the number of  

nut r i ent s that affect growt h .  Howeve r ,  phosphate status  has been 

recogn i s ed to p rov i de a good i ndex of soi l ferti l i ty status 

( e . g .  Smi t h ,  1 9 79 } . The annua l  yi e l d response to i nc reas i ng 

app l i cat i on  rat e  of  phosphate on a g i ven soi l i s  asymptot i c  ( Lambert , 

pers . comm . ) ,  wi t h  y i e l d at zero app l i ed phosphate ref l ect i n g the 

res i dua l  fe rt i l i ty of  the  so i l .  The effect of soi l fert i l i ty on the  

e f f i c i ency of net  phot osynthes i s  ( PS l ope)  cou l d  therefore reasonab ly  

be  expected to  fol l ow a s i mi l a r t rend . No attempt was made to  

quant i fy such a re l at i ons h i p ,  except to estab l i sh gu i del i nes to 

and l ower l i mi t s . 

The upper l i mi t of  PS l ope on a h i g h l y  fert i l e  soi l was ass umed t o  

be 0 . 04 g OM/m2 /Lang l ey/d ay , bas ed on Broughams • resu l ts  ( Cooper ,  

1 9 70 } .  The l ower l i m i t ,  a t  zero fert i l i se r ,  wi l l  va ry depend i n g  on 

s o i l type . However  a s sum i ng  max i mum growth to  be 30 to  50% h i gher  

than  the  mea s u red average  ( B rougham & Gl enday , 1969 } , and  average 

rad i at i on at max i mum g rowth to be 500 Langl eys/day ,  an approxi mate 

v a l ue  of  0 . 0 2  g OM/m2 /Lang l ey/day can be ca l cu l ated for southern Nort h  

I s l a nd  h i l l  count ry f rom Lambert & Robert s , { 1 9 78 ) . 

G ras ses di s p l ay a greater effi c i ency of  rad i at i on use du r i n g  

t h e  rep roduct i ve phase  o f  growth  than  du r i n g  t h e  vegetat i ve phase  

{ An s l ow & G reen , 1 96 7 ; Hu nt & Fi e l d ,  1978 ) . Th i s  i nc reased 

e f f i c i ency has  been att r i buted to both i nc reased l ea f  eff i c i ency 

{ Lea fe et .!!_. ,  1 974 ) a n d  a change i n  nut ri ent part f t i on i ng  
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between root and ae ri a l  growth  i n  favou r of the l atter  (Ryl e ,  

1970 ) . 

I n  t he  f i e l d ,  rep roduct i ve g rowth fo r ryegrass domi nant 

pastu res appea rs to be i n  the order of 23 ( Nobl e ,  1972 ) to 4 1  

pe rcent ( Ans l ow & Green , 1967 ) greater  than  vegetat i ve growth 

under s i m i l a r env i ronmental  cond i t i ons , wi t h  adequate so i l wat e r .  

Theoret i c a l  rel at i ve effi c i enc i es o f  ryegrass  growth throughout 

the yea r ,  at Pa l merston North , are descr i bed by Hunt & F i e l d  

( 1 978 ) . I n i t i at i on of rep roduct i ve growth occu rs a round 

mi d-J u l y . Emergence of i nf l o rescences beg i ns from the st a rt of 

Novembe r  (Wi l s on , 1 959 )  and the rep roduct i ve cyc l e  is comp l eted 

by mi d to  l ate December .  I n  browntop (Agrost i s  ten u i. s ) domi nant  

pastu res , rep roduct i ve growth commen ces about one month  l at e r  than  

for ryeg rass , it  i s  of  shorter  du rat i on and there is  a more 

ma rked d i f fe rence between peak rep roduct i ve ,  and vegetat i ve 

g rowth rates (Lambe rt unpub . data ) . 

The re l at i ve pattern of effi c i ency i n  Hunt & Fi el d ( 1978 ) 

was taken  as the bas i s  of the i ndex used to dete rmi ne seasonal  

eff i c i ency of  net photosynthes i s  fo r ryegrass domi nant pastu res . 

Eff i c i ency i n  the  vegetat i ve and ea r ly reproduct i ve stages of growth 

from Hu n t  & Fi e l d ,  was const ra i ned to a l ower l i mi t of 76% ( Cu rve 1 ,  

F i g .  5 . 2 )  of  peak effi c i ency , i n  l i ne wi th  data of Nobl e ( 1 97 2 ) . Th i s  

i s  h i ghe r  than  for ryegrass a l one and a l l ows for the presence of  other  

past u re spec i es that  do  not exh i b i t  the same seasonal eff i c i ency 

patte rn as ryegras s .  The ass umed pattern of seasona l eff i c i ency for 

browntop domi nant pastu res i s  shown on cu rve 2 ,  Fi g .  5 . 2 .  

Compos i t i on o f  the pas t u re ,  t h at i s  ryegrass o r  browntop 

domi n a nt , was as sumed t o  be co r rel ated to soi l fert i l i ty .  At the  

l owes t  so i l fe rt i l i ty pa ramete r  set t i ng , b rownt op re l at i ve seasona l  
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e ff i c i e nc i es  we re a s sumed ,  and at the h i ghest t he rye gras s  cu rve was 

f o l l owed .  L i nea r i nt e rpo l at i on wa s  condu cted between these ext remes . 

To  t h e  authors • k n owl edge , no  New Zea l and h i l l  count ry 

me�ol og i ca l s t at i on s  a re equ i pped w i t h  Epp l ey py ranometers or  

equ i va l e nt recorde rs for  meas u ri n g  rad i at i on .  Most do however have . . 

C ampbe l l -Stokes  s un s h i ne hou r recorde rs . A n gst rom ( 1 924 ) deve l oped a n  

equat i on t o  des c r i be t he  re l at i ons h i p between da i ly su nsh i ne hou rs a n d  

I rad i a t i on  ( Q ) ,  enab l i n g s u n s h i ne hou r data t o  be u sed to d r i ve the  

mode l . 

T he  eq u at i on :  0/Qo = a + b x ( n /N )  ( 5 . 1 ) 

h as con s t a nt s  a a nd  b wh i ch a re determi ned by l east squares  

p rocedu res f rom a s e r i e s  of  s i mu l taneou s ly measu red rad i at i on and  

s u n s h i ne  records ( n ) t o  gi ve an  emp i r i ca l  f i t  for d i fferent 

geograph i ca l  reg i ons . ne L i s l e  ( 1 966 } pu b l i s hed va l ues fo r a and b ,  

f o r  f i ve New Zea l a nd  reg i ons ave raged  ove r t he years 1954 to  1 965 .  

V a l ue s  for  Qo , ra d i a t i on  per u n i t t i me  and  a rea out s i de the 

a tmosphe re , and  N ,  ma x i mu m  pos s i b l e  s u n s h i ne h ou rs , can be obt a i ned for  

a ny l at i t u de f rom Smi t hs on i an t ab l es i n  L i st  ( 1 951 ) ,  p .  4 18  and  

s u n r i s e ,  s u nset  t ab l es , respect i ve ly . 

T h e  weak ness  of  E q uat i on 5 . 1 ,  i s  that  i t  does not accou nt for t he  

f act t h at i n  rea l i ty a sma l l  i nc rease i n  n at noon has  t he  s ame e ffect 

on 0 as  a l a rge r i ncrease  i n  n nea r s u n r i s e  or  sunset (Revfi em 1 981 ) . 

R evfe i m  proposed a mode l w h i ch u sed h ou rly suns h i ne records . I t  had 

a n  a ccu racy of  p redi ct i on  of,  r = 0 . 99 ,  compa red to r = 0 . 94 ,  for 

E qu at i on 5 . 1 . However hou r ly  s u ns h i ne  records a re not avai l a b l e  

w i thout  re-a na lys i s  o f  s u n  ca rds s o  Angst rom • s  equat i on was u sed t o  

c on vert s u n s h i ne hou rs i nt o  so l a r  radi at i on ,  i n  Lan g l eys .  

\ -' r 
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5 . 2 . 1 . 2 Growth i n  a Non-c l osed  C an opy 

T he p ropo rt i on of  tot a l  ra d i a t i on i ntercepted by a sward i s  

common ly  re l at ed  to  i t s l e af  a rea i n dex (LA I ) .  A s sumi n g  s i mi l a r  

p h otosynthet i c  e f f i c i en ci es  between l ea ves  o f  di fferent a ges , a c l ose 

re l a t i on s h i p  s h ou l d  ex i st  between LA I and growth rate ,  so  that growth 

rate shou l d  i nc rease  wi t h  i nc reas i n g LA I u nt i l  fu l l l i ght i ntercept i on 

( L c r i t )  i s  ach i e ve d .  B rougham ( 1 95 6 )  estab l i s hed such a re l at i onsh i p .  

Above  Lc r i t ,  LA I  appea rs t o  have l i tt l e  e f fect on the rate o f  net 

phot osynthes i s �  accordi n g  to stud i es  rev i ewed by B rown & B l a s e r  

( 1 9 68 ) .  

C ri t i ca l  LA I i s  l a rge ly  dependant  on swa rd s t ructu re and i n  

p a rt i cu l a r  the  p os i t i on i n g  of the  l ea ves . · E rect swards that 

mai nta i n t he i r l ea ves  at an acu t e  a n gl e e xh i b i t  a h i gher Lc r i t 

t han  p rost rate , hor i zonta l  l ea ved swa rds . Swa rd stru ctu re 

chan ges t o  become more e rect du r i n g  t he  reproduct i ve pha se of 

growth . Th i s  resu l t s  i n  a h i gh e r  Lc r i t d ur i n g  l a te spri n g  

regrowth s  ( e . g .  An s l ow, 1 9 6 5 ,  Lea fe e t  !l· , 1 974 , Ta i  nton , 1 974 ) 

t han  du ri n g  vegetat i ve growth i n  au tumn a nd wi nte r .  

Ut i l i s i n g t he data  of  Leafe  et  !l· , ( 1 974 ) ,  re l at i ve l i gh t  

i nte rcept i on w a s  deri ved for  t h e  rep rodu ct i ve and vegetat i ve 

growth  phase s , dependi n g  on LA I ( F i g .  5 . 3 ) .  C r i t i ca l  LA I for 

rep rodu ct i ve a n d  vegetat i ve growth  was 6 a n d  3 . 7 5 ,  respect i ve ly . 

I nterpo l at i on between t he two cu rves was  governed by the seasona l 

e ffi c i ency i n�e x i n  F i g . 5 . 2 .  

De sp i t e  LA I hav i n g  been succe s s fu l ly re l a ted t o  tota l  pa stu re 

cove r (k g DM /h a ) ( B rou gham, 1 956 ; B rou gham � Gl enday , 1966 ) ,  a 

re l at i onsh i p  s o l e ly w i th green pastu re cover was sou ght to  avo i d 

b i as a s s oc i ated w i th  bu i l d-u p of dead mat te r  fol l ow i n g  repeated l a x  
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g ra z i n g .  I n d i vi du a l  reg rowths i n  stu d i e s  condu cted hy H u nt ( 1 9 70 ) , 

T a i nton ( 19 7 4 )  and S heehy & Peacock ( 1 975 ) ,  were ana ly sed. A un i t 

i ncrea s e  i n  LA I corresponded  t o  between 625 and  3 1 3  k g  GDM/ha .  A 

medi a n  va l u e  of 3 70  was chosen for  t he  mode l . F rom t h i s re l at i onsh i p  

L c r i t  w a s  rea ched  at app roxi mate ly  2 200 k g  GDM/ha  and 1 400 Kg GDM/ha 

d u ri n g  t h e  reprodu ct i ve and ve getat i ve s tage s  of growth , 

respect i ve ly .  

R ate  o f  pastu re regrowth fo l l ow i n g  graz i n g was exp res sed 

s o l e l y  i n  t e rms of  the l i ght i nte rcept i ng ab i l i ty of the sward.  

I n  rea l i ty l e ve l o f  root rese r ve s  (Harr i s ,  1 9 78 )  and  photosynthet i c  

e ff i c i e n cy o f  res i du a l  l ea ve s  may a l s o i n f l uence rate o f  re growth . 

However  l a ck of  s u i t ab l e data on  wh i ch to  bas e  quantitati ve descr i pt i on s  

o f  t he se  e ffect s p rompted the i r i n i t i a l ommi s s i on f rom t he  mode l . 

5 . 2 . 1 . 3 Tempe ratu re E ffect s on Growth 

T hat  t empe ratu re ca n l i mi t g rowth  has  been wel l es t ab l i shed 

by M i t che l l ( 1 9 56a ) and  M i tche l l & Lu canus  ( 1 960, 1962 )  i n  cont rol l ed 

e n vi ronment  s tu di e s .  Temp eratu re i n f l ue n ces  l eaf  exten s i on rat e ,  l ea f  

appeara nce  ra te a n d  rate o f  t i l l e ri n g .  T i l l e r  growth i s  c l ose to  

opt i mum f o r  temperat e spe c i es  o f  grasses , ove r  qu i te a ran ge of  

t empe ratu res ,  1 0  to 20 °C , hut dec l i ne s  rap i d ly at temperat u re 

e xt remes , t he re be i n g  some d i f ferences  between  speci es . B rownt op and 

rye g ras s h a ve s i mi l a r  t emp e rat u re opt i ma ,  1 5 - 18 °C a l thou gh re l at i ve 

growth of  rye g ra s s  i s  great e r  at  l ow temperatu res . Opt i mu m  

temp e ra t u re for  wh i t e  c l o ve r  i s  mu c h  h i gh e r ,  22-25  °C . F rom t he  above 

\ stu d i es  on  t i l l e r  growth  responses  to  temp eratu re , one fu n ct i on was 

der i ved t o  d e s cr i be re l at i ve e f fect s o f  tempe rature on swa rd growth 
• 

(F i g . 5 .4 ) .  I t  most c l ose l y  desc r i bed b rowntop beha v i ou r. 
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Two prob l ems we re ant i c i pated i n  app ly i n g t he  temperature 

f u n ct i on der i ved f rom cont rol l ed env i ronme nt dat a .  F i rst ly , mean a i r 

t empe rat u re measu red at standard mete rol og i c a l  hei ght , 1 . 2 m a bove the  

g r ou n d ,  may not adequate ly  ref l ect temperatu re at the  p l ant mer i stem. 

S ec on d ly , the response  o f  l ea f  growth on a t i l l e r in an i s o l ated p l ant 

may be d i f fe rent to  that i n  a swa rd.  I n  add i t i on ,  dens i ty of p l ant 

cover  may change the  tempe ratu re met by the p l a nt s  (M i tchel l ,  1 956b ) ,  

a n d  bu f fer  d i u rn a l va ri a t i ons . Ga l bra i th et !l• ( 1981 -81 ) i nc l u ded  

t h i s as  a featu re o f  thei r s u bc l o ver  mode l . They con s i dered there to  

be  n o  e f fect of  temp e ratu re whe re pastu re cove r  wa s  above 1 000 k g  

DM/h a .  

I n i t i a l • ru n s • w i t h  the  mode l su ggested that the tempe ratu re 

f u n ct i on beha ved rea son ab ly for a l l but the  w i nter months , when i t  

appea red to  o ve r- rest r i ct growth . Th i s  a l i gned wi th ev i dence f rom a 

s tu dy of  f i e l d data by Baars & Wa l l e r  { 1 9 79 ) ,  who found  max imum  a i r 

t emp e ratu re a t  1 . 2m. , to  be the  most h i gh ly correl ated temperatu re 

v a r i a b l e t o  w i nte r growt h .  I t  a l s o  s u pport s  M i t che l l � Lucanu s • s  

{ 1 96 0 )  f i n d i n g  that , at l ow temperatu res , growth i s  affected more by 

t emp e ratu re changes  dur i n g  the  l i ght than dur i n g  darkness . So , mean 

a i r  t empe ratu re was s u bs t i tuted by ma x i mum a i r temperatu re i n  

F i g . 5 . 4 ,  for the per i od A p ri l 1 5  to September 1 .  

5 . 2 . 1 .4 So i l Mo i stu re E ffect s on Growth 

So i l mo i s t u re l i mi t at i on s  to growth occu r be l ow some cri t i ca l  

l eve l o f  a va i l a b l e  water  h e l d i n  the  s oi l .  The genera l ly he l d  vi ew 

( Bo r g ,  1 980 ) i s  that g rowth i s  rest ri cted i n  d i rect proporti on to the 

r at i o  of d a i ly ( ET/PET ) ,  s i nce  stomata l  c l osu re to reduce 

t ra n s p i rat i on a l so res t r i cts  uptake  of  C02 for as s i mi l at i on by 
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photosy nthes i s . The  rat i o  ET/PET i s  used to res t ri ct growth in  th i s 

mode 1 .  

Bel ow a c ri t i ca l  s oi l moi s tu re content , e c  (F i g. 5 . 5 ) ,  ET i s  

l i mi t ed by a va i l a b l e  s o i l moi stu re (ASM ) .  A va ri ety of app roaches  

u se d  i n  mode l l i n g t he re l at i on sh i p s  betwee n  ET  and  ASM are  revi ewed  by 

J oh n s  & Smi t h  ( 1 9 7 5 ) and  e xperi menta l  dat a on the top i c a re re v i ewed 

by Borg ( 1 980 ) .  Most rel a t i on sh i ps a re characteri sed by a fa l l i n g 

rat e of ET/P ET be l ow e c , ( s ee F i g . 5 . 5 ) a l thou gh Scatter et �· ( 1 9 79 ) 

c on s i de r  that he l ow e c ,  ET i s  purely a fu n ct i on of  so i l moi stu re 

def i c i t  and i s  res t ri cted only i f  PET i s  g reater  than ET pe rmi tted by 

t h e  so i  1 .  A pa rt f rom S catter � �· , the major  d i ffe rences i n  

mode l l i n g app roaches appear  to  l i e  i n  the va l u e  of e c  at whi ch s o i l 

moi stu re be g i n s  to l i mi t ET/PET.  Accord i n g  t o  Borg ( 1 980 ) 

e xpe ri ment a l ly recorded d i ffe rence s may be part i a l ly exp 1 a i ned by the 

e xperi ment s of  De nmead � Shaw ( 1 962 ) .  Th ey fou nd that a s  PET 

i n c rea sed ,  e c  i nc rea sed. Wri ght & Baars ( 19 7 6 )  ba sed the i r fu n ct i on 

o n  the data o f  De nmead & Shaw ( 1 962 ) ,  adapt i n g  i t  for New Zea l a n d  

p a stu re s .  I t  was  there fore deci ded t o  u s e  the i r re l ati ons h i p s i n  t h i s 

mode l (F i g . 5 . 6 ) . Scatter et !}_. ' s  mode l ,  wh i l e  havi n g  the  a dva ntage 

o f  rel at i ve s i mp l i c i ty ,  re l i es on emp i ri c a l ly  de ri ved pa ramete r s  for  

d i fferent s o i l ty pes , wh i ch are not cu rrent ly  avai l a b l e .  

Leve l  o f  p l a nt-a va i l a b l e  water  ( = ASM ) ,  depends on t h e  effect i ve 

r oot i n g  depth of the pa stu re and  s o i l water-ho l d i n g capac i ty between  

f i e l d  capa c i ty ( -0 .3  ba rs ) a nd w i l t i n g p oi nt ( - 1 5  bars pre s s u re ) .  

P a st u re root s p enet rate as  fa r a s  120- 1 30 cm i n  dee p ,  free-d ra i n i n g  

s oi l s  ( E va n s , 1 9 78 ) .  R i ck a rd and  F i t z gera l d  ( 1 970 )  reported 

s ha l l ower root depth s of  30 to 35 cm on so i l s  c overi n g  gra ve l  a n d  

s an d .  G radwe l l ( 1 9 74 ) a s sumed a n  effect i ve root i n g  depth of  7 5  cm  
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i n  h i s  ca l cu at i ons .  I n  N I HC so i l s ,  rel at i ve ly shal l ow root i n g depths  

o ccu r ( Bow l e r ,  pe rs . comm. ) .  A l e vel of  50  cm was therefore a s sumed , 

a bove wh i ch ,  the l e ve l of ASM i s  arou nd  7 6  mm i n  a Judgeford s i l t  l oam 

(Gradwe l l ,  1 9 74 ) .  

D a i ly ch a n ge i n  t he  so i l moi stu re content  of the root zone , 

� s .  ca n be rep resented  as i n  Equat i on 5 . 2  

� S  = R - ET  - D - Ro ,  

w here R = ra i n fa l l ,  ET = e vapot ran sp i rat i on ,  D = dra i nage 

be l ow root zone , and  Ro = ru noff (a l l  measu red i n  mm/day ) .  

{ 5 . 2 ) 

R a i n fa l l was assumed to a dd d i re ct ly to  s o i l water reserves 

w i t h ou t  l os s , u n l es s  i t  was l ess  than 1 mm/day , i n  wh i ch case i t  was 

a ssume d  to  be h e l d i n  the fol i age .  To account  for the ef fect of ra i n  

when t h e  soi l p rof i l e  was rel at i vely dry ,  a su rface l ayer of so i l was 

def i ned  wh i ch wa s p referent i a l ly f i l l ed to f i e l d  capaci ty (e . g .  W r i ght 

� Baa rs , 19 7 6 ;  Scatt e r  et � • •  1 9 7 9 ) .  Fo l l ow i n g rai n ,  ET proceeded at  

t he  rate determi ned by ASM i n  the  su rface hor i zon , unt i l ASM i n  t he  

t op h ori z on ,  eq u a l l ed ASM i n  the l ower hor i z on .  Water was  t hen  used 

f rom the ent i re p rofi l e . Depth of  the recha rge hori zon was assumed  to  

be 1 0  cm ( 2 1  mm  so i l water ) ,  a depth  con ta i n i n g at  l east 50  pe rcent of  

t h e  root s (Bow l e r  per s .  comm. ) .  

R unoff of ra i n fa l l  f rom h i l l  cou nt ry i s  l i k e ly to be i n f l u enced 

by fou r major f a ctors ; ra i nfa l l i ntens i ty ,  antecedent soi l wat e r  

c ontent , s l ope , a n d  ve getat i on cove r .  I ve e t  �· { 1 976 ) deve l oped a 

mode l for ru n-o f f  f rom f l at l and .  Th i s  mode l was stud i ed  to  

i n ve s t i gate t h e  pos s i bi l i ty o f  adapt i n g i t  t o  h i l l  cou ntry .  Howeve r ,  

i t  was dec i ded n ot to  i nc l u de ru n-off be l ow f i e l d  capaci ty owi n g  t o  

t h e  absence o f  su i t a b l e  data re l at i n g  to  t h e  effect of s l ope , a n d  the 

l i k e ly e vent o f  run -off f rom one a rea becomi n g  ru n-on for anot h e r .  
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Once the s o i l reached f i e l d capac i ty ,  addi t i ona l rai nfa l l was  assumed  

to  be  l os t  by dra i n a ge be l ow the  effect i ve root zone .  

Potent i a l evapot ran s p i rat i on w a s  dete rmi ned u s i n g  the  

f orrru l ae p r opos ed by P r i e st ly  .\ Tay l o r ( 1 972 ) a s  i n  Scat te r � !!· 
• 

( 1 979 ) .  

P ET = A  * Rn  * V/ ( V  + G )  ( 5 . 3 )  

w he re V was  the  rate o f  ch ange o f  satu rat i on vapou r pressu re w i th  

t emp e rat u re ,  G was the  psych romet r i c cons tant , R n  was  net rad i at i on 

e xp re s sed  i n  eq u i  va ·l e nt mm/day evapora t i on ( a s sumi ng  a l at ent heat of 

vapor i s at i on of  2 . 4 6  MJ /k g )  and 'A ' was a d i mens i onl ess  pa ramete r ,  

t aken  a s  1 . 3  ( S c atter � ,!!. ,  1 9 79 ) .  R n  w a s  est i mated as : 

R n  = 0 . 6 2  * R s  - 0 . 6  ( 5 . 4 )  

w he re R s  equ a l l ed da i ly radi at i on  i n  equ i va l ant mm/day evaporat i on .  

V / ( V+G )  was  re l ated  t o  mean  a i r  tempe ratu re (MAT ) as : 

= 0 . 4 2 9  + 0 . 0 1 2 9  * MAT for  MAT ;> 1 0  °C 

= 0 . 4 06 + 0 . 0 1 5  * MAT for MAT < 1 0  °C . 

5 . 2 . 2 E s t i mat i on of Senescence and Decay Rates 

Stu d i es report i n g expe r i ment a l  e ffects on net growth  rates , 

( 5 . 5 )  

( 5 . 6 )  

w i t h ou t  reference t o  senescence and  decay , domi nate New Zeal and ' s  

a gronomi c l i t e ratu re . Th i s  i s  u nde rs tanda b l e  when one con s i ders the 

d i ff i cu l t i es i n vo l ved i n  measu r i n g  t he l at ter .  Yet senescence and  

decay a re as  i mpo rt ant as  g rowth  rate i n  determi n i ng feed a va i l ab i l i ty 

for  graz i n g s heep . 

S t u d i es  on senescence and  decompos i t i on i n  pasture h a ve been 

repo rted  by H u nt ( 1 9 70 ) ,  Morr i s ( 1 9 70 ) , W i l ma n  & Ma res Ma rt i ns ( 1 977 ) , 

a n d  C ay l ey et �· ( 1 980 ) .  Senes cence rate was assumed to  be a 

constant  p roport i on o f  tot a l  l i ve he rbage (W . G .  Ouncan pers . c omm. ) .  
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The  d a ta  o f  Hunt  { 1 9 70 } ,  we re ana lysed to  provi de est i mates o f  

s enescence rate exp res sed i n  t h i s  way . Rema rkab ly s i mi l a r  va l u es 

occured for hoth sp r i ng rep roduct i ve ,  and autumn vegetat i ve growth ,  

0 . 7 9  a nd  0 . 88%/day , respect i ve ly .  A con s tant va l u e o f  0 . 8%/day 

was  a s sumed,  ba sed on an assessment of the a bove data by W . G . nuncan 

{ p e rs . comm. ) .  

A s  pastu re comes  unde r  st ress f rom drou gh t ,  the senescence rate of  

i nd i v i dua l  l ea ves  and t i l l e rs i ncreases (On g ,  1 9 78 } . The  data  of  

C ay l ey et .!!_. ( 1 980 ) c l ea r l y  support t h i s  fact . Death rates du ri n g  

p e r i ods wi th  l ow preci p i t a t i on/evaporat i on rat i os were s i x  t o  s even 

t i mes  h i gher t han  du ri n g  peri ods of amp l e  wate r  supp ly . 

I n  the a hsence of su i t ab l e data a l i nea r i ncrease i n  senescence 

rate  was a s s umed f rom 0 . 8%/day , when s o i l wate r  l e ve l s i n  the top 

h o r i zon (SMHA ) rea ched 20% o f  ASM i n  SMHA to 2 . 4%/day at z e ro 

a va i l a b l e s o i l mo i s ture i n  SMHA . A t h ree-fo l d  i ncrease i n  senescence 

rate  corresponds w i t h  u npu b l i shed data of D . F . Chapma n ( pe rs . comm. ) .  

Decomp os i t i on of  dead pastu re was taken t o  i nc l ude l each i n g 

l os ses and  remo va l  be l ow t he  su rface by eart hworms , as we l l a s  

m i c robi a l  decay . I t  was  not pos s i b l e  t o  de r i ve a s i mp l e  re l at i onsh i p 

between decay rate and  dead DM/h a because  the bu i l d-up of  decomposer  

p opu l at i ons  i s  i nf l u enced by s uch  factors as t he dampnes s of  dead 

h e rbage ( C ay l ey � .!!_. ,  1 980 } and  tefll)e ratu re . A mode l for p redi ct i n g 

m i c robi a l  decay and l each i n g l os ses f rom l i tt e r  has been pu bl i shed by 

H u n t  ( 1 9 7 7 ) .  Th i s  model  was modi f i ed s l i gh t ly , t o  p redi ct t he  

decompos e r  a nd  l each i n g f ract i ons  of  decompos i t i on l osses  i n  t h i s 

mode l . I n  b r i ef ,  dead mater i a l  was d i vi ded i nto  two pool s :  s o l u b l e ,  

( i . e .  rea d i ly  decomposab l e mater i a l } a nd  i ns o l u b l e ,  ( i . e .  not readi ly  

decompos a b l e ) .  The  amou nt enteri n g  t he respect i ve poo l s  was corre l ated  



78 

to t he n i t rogen  con tent . N i t rogen content of  newly senesced pastu re 

was  t reated as con stant  a n d  a s sumed to be 1% (e . g . Robson & Dea con , 

1 978 ) .  Subst i tu t i on o f  1% N i n to Hunt • s  ( 1 9 7 7 ) equat i on ,  predi cted 

t h e  s o l u b l e  fract i on to be a roun d  40% of newly  senesced OM . 

Le a ch i n g l osses  occured s o l e ly from t he s o l u b l e  poo l . Potent i a l  

l each i n g l os s  rate i ncreased l i near ly  w i th ra i n fa l l from 0 t o  50%/day , 

a t  1 0  mm ra i n  • Act u a l  l os s  rate by l each i n g was then dependent on 

t emperatu re (F i g. 5 . 7 ) .  

M i c rob i a l  decay operated on both poo l s and  was dependent on 

t emperatu re and  moi stu re .  S o i l moi s tu re l i mi t at i on s  to the  decompos e r  

p opu l at i on were a s sumed t o  b e  re l ated t o  t h e  l e ve l o f  ASM i n  SMHA 

(F i g . 5 .8 ) .  Mo i stu re was assumed  non- l i mi t i n g on days when ra i n  fe l l ,  

rega rdl e s s  of  so i l moi stu re l evel . The tempe ratu re mu l t i p l i er i s  

dep i cted i n  F i g . 5 . 9 .  Potent i a l  decay rates at opt i mum moi stu re and  

t empe ratu re were 90 and  3%/day of  the  s o l u b l e  and  i n sol u b l e pool s ,  

respect i ve ly . 

I n i t i a l ly earth worms we re not i nc l u ded ,  and the model a l l owed 

i nsu f f i c i e n t  dead OM l osses  i n  t he l ate au tumn /w i nter  pe r i od.  Data of 

S h a rp l ey et �· ( 1 979 ) showe d  the  s i gn i f i cance of ea rthworms i n  

remov i n g  dea d mater i a l  du r i n g  t h i s per i od .  C a st  p roduct i on commences 

fo l l ow i n g  a u tumn rai n s  and reaches a ma x i mu m  by l at e  May , dec l i n i n g to 

nea r  z e ro by the end of  Octobe r .  Bes i des season and so i l moi s tu re ,  

t he amou nt o f  dead DM/ha appea rs t o  b e  the  ma jor  determi na nt o f  the  

a mou nt o f  dead OM  removed by worms . Rate  of  remova l of  dea d  OM  f rom 

t he i n so l u b l e  pool  was ca l cu l ated  i n  rel at i on t o  sea s on , u s i n g  the  

data  o f  S h a rp l ey et  !l· ( 1 9 7 9 )  ( F i g .  5 . 1 0 } .  
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5.3 ADAPTAT ION  OF THE GENERAL MODEL TO H I LL COUNTRY 

Pas  tu re product i on on hi 1 1  cou n t ry i s  ch a racteri sed by va r i a b i l i ty 

ow i n g to the  i n f l uences of terra i n  on both mi crocl i mate , and  s o i l 

cha racteri s t i cs . Obt a i n i n g me�ol ogi ca l  data for each ma jor  s l ope 

a nd aspect l a nd c l a s s  i s  obvi ou s ly not pract i ca l . The best pract i ca l  

s o l u t i on con s i de red was t o  de ri ve a set o f  factors re l at i n g c l i mate on 

the va ri ou s s l opes and  aspects , to c l i mate experi enced at a sta ndard 

s i t e .  

Shad i n g  occu rs t o  va ry i n g degrees on d i f ferent aspect s depend i n g 

on the az i mu th of the  s u n ,  t i me of day , and  g radi ent and ve rt i ca l  

hei ght o f  t he h i l l s .  For  most of  the  yea r northerly faci n g  a s pects 

rece i ve mo re ra di at i on {McAneney & Nob l e ,  1 97 6 ) and h i gher 

t emperatu res {G i l l i n gh am, 1973 ) t h an the i r sou therly fac i n g  

counterpart s .  Whe rea s steep s l ope s recei ve t h e  same amount o f  

radi at i on a s  an equ i va l ent p i e ce o f  l a nd on a hori zonta l  p l a i n ,  bu t 

spread o ve r  a l a rge r a rea.  Annua l  rai nfa l l i s ,  on average , s i m i l a r  

between as pect s ( L ambert , 1 97 3 ) .  Howe ver speci fi c ra i n fa l l e vents can 

del i ver di f ferent amou nts of ra i n  to  d i fferent aspects , dependi n g  on 

the  wi nd d i rect i on p reva i l i ng at t he t i me .  I n  add i t i on l an d  s l ope i s  

l i k e ly t o  cau se redi stri but i on of ra i nfa l l ,  w i th ru n-off from steep 

a reas cont ri bu t i n g add i t i ona l wate r to f l atter s i tes . 

Data  f rom a numbe r of s i tes  th rou ghout New Zea l and  were i n spected 

w i th a v i ew to deri v i n g  a set of factors for north and south  aspect s 

wh i ch cou l d be appl i ed to s tanda rd me�ol ogi ca l  temperatu re a n d  

radi ati on recordi n g s .  Grass tempe ratu res f o r  north a n d  s ou t h  a spect s 

at  Whatawhata {Gi l l i ngham, 1 9 7 3 ) and Te Awa ( Suck l i n g ,  1 97 5 ) ,  and  3 cm 

a i r  temperatu res at Coopers C reek { Radc l i ffe & Lefeve r ,  1 981 ) we re 

a va i l ab l e .  R a t i os for the  mean month ly south : north as·pect 
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temperatu res of the  t h ree s i tes are presented i n  Fi g .  5 . 1 1 .  Any 

thought  of obt a i n i n g  a standard set of factors was obv i ou s l y  

ove r-amb i t i ou s . T h e  pattern was s i mi l a r for a l l s i tes but wi t h  

i nc reas i n g  l at i tude , d i ffe rences i nc reased between North and South 

s l opes . Some va r i a t i on i n  temperat u re rat i o  may however be due to 

d i fferences i n  topography , and/or pos i t i on of record i n g  up the s l ope , 

i f  these  occu r red . Tests wi th  the mode l , s imu l at i ng pasture g rowth  on 

nort h and sou t h  aspect s , at Ba l l ant rae ,  suggested that the 

G i l l i ngham ( 1 9 7 3 )  der i ved temperatu re factors were the most 

s at i s facto ry .  F act o rs for north and south aspects ( s ee Appendi x A )  

were det e rmi ned by d i v i d i n g  mean month l y  gras s temperatu re by mean 

Stevenson s c reen t emperatu re at the  nea rby Whatawhata me�o l og i ca l  

stat i on .  Mi d-mont h  factors we re obt a i ned by i nterpol at i on .  

A l t i t ude al s o  a ffect s temperatu re ,  but i n  a fa i r ly p rec i se manne r .  

F o r  th i s  reason  a correct i on was bu i l t  i n  for di fference i n  al t i tude 

between the  me�o l og i ca l  stat i on and the  s i te to be s i mu l ated . 

L i nea r reg res s i on of month ly mean  temperat u re aga i nst al t i t ude at fou r 

l oca l  me�ol ogi c a l  stat i ons  for 1972  data y i e l ded an ave rage 

reg res s i on coeffi c i ent  of -0 . 0064 °C/m i nc rease i n  a l t i t ude . 

V ar i a t i on i n  reg res s i on coeffi c i ent s between months was not great . 

The  stat i on s  ran ged i n  al t i tude from 30 to  340 m above sea l evel . 

A mode l  repo rt ed by McAneney & Nobl e ( 19 7 6 )  performs the 

ca l cu l at i on of i n c i d e nt rad i at i on ( R i ) ,  re l at i ve to Ri  on a 

h o ri zonta l  su rface , fo r any s l ope , of gi ven aspect at l at i t ude 

3 7 °  Sout h . Howeve r ,  on ly  the amount of d i rect radi at i on rece i ved 

depends on so l a r  geomet ry ,  the di ffuse component i s  s i mi l a r  for a l l 

s l opes . I n  es sence  McAneney & Nob l e ' s mode l  est i mates on ly  the 

d i f ferences i n  d i rect rad i at i on (McAneney pers . comm. ) ,  hence i t  
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u nder-es t i ma t es R i  on sout h as pect s ,  part i cu l a rly in  wi nter  when most 

R i  on  south as pects i s  di f fu s e .  Aspect and s l ope factors for  d i rect 

radi at i on were t here fore de ri ved f rom McAneney and Nob l e  { 1 9 76 ) ,  

{Append i x A )  a n d  the  di f fu s e  component of  R i  was ass umed equ a l l y  

d i s t r i bu ted  between a s pect s  and  s l opes ( L i u & Jordan , 1 960 ) . T he  s i ze  

o f  t he  d i f fu s e  component was p redi cted as a fu nct i on of  c l ou di nes s 

( L i u  & Jorda n , 1 9 60 ) , where deg ree of  c l oud i ness was asses sed  as the 

rat i o  o f  t ot a l  da i ly  rad i at i on ,  to  radi at i on recei ved at t he t op of 

1 : the  a tmos p he re by L i u & Jordan ' s  funct i on :  

P d i f fuse  = 1 / ( 1  + EXP  � . 08 - 6 . 2 9 5  * KT ) ) { 5 .  7 )  

where 0 < KT < 0 . 7 5 ,  and  KT i s  the ra t i o  of  tota l  dai l y  rad i at i on 

rece i ved on  a hor i z onta l s u rf ace , t o  e xt raterres t r i a l  da i l y  i ns o l a t i on 

o n  a hor i z on t a l  s u rface . Pd i f fu se ,  i s  the rat i o  of di f fu se  to tot al 

r ad i at i on on  a hor i zonta l  su rface . 

I t  can  be a p p rec i ated  t hat a det ai l ed desc ri pt i on of  topography 

a nd aspect i s  s t i l l  req u i red for  both the  meteorol ogi ca l  stat i on and 

t he s i mu l at i on s i te i n  orde r t o  choose accu rate t rans l at i on fact ors 

f o r  temperatu re and rad i at i on .  However i t  was con s i dered des i rabl e to 

p rov i de the f a c i l i ty i n  t he mode l for  use of the above , or  other u ser  

s u pp l i ed fact ors , for  occas i on s  whe re d i fferences between as pects  are 

cent ra l t o  t he s t u dy .  The  s i mp l e r app roach i s  to assume that the 

me�ol og i ca l data , corrected for  a l t i tu de , app l i es on  ave ra ge t o  the 

s i mu l at i on s i t e .  

O f  equa l  o r  g reate r  i mportance t o  pa stu re product i on a s  c l i mat i c  

d i f ferences between s l opes  and a s pect s ,  a re so i l fert i l i ty and  water 

h ol d i n g  d i f fe rences  between s l opes  ( Lambert pe rs . comm. ) .  So i l s  on 

s teep s l opes  tend  to be s h a l l ower , possess  a l ower l eve l o f  fert i l i ty ,  

a nd  l owe r wat e r-h o l d i n g  capac i t i es ,  than  s o i l s  on eas i er gradi ent s . 
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I n  addi t i on ,  fe rt i l i ty i s  t ransferred from s teep s l opes by the  graz i n g 

a n i ma l . T ransfe r  occu rs  v i a du n g  and ur i ne to s i t es where stock 

c on g regate  ( G i l l i ngham, 1 9 78 ) ,  i . e . f l a t wa rm a reas (Su ck l i n g ,  1 9 7 5 )  

a nd to t ra ck s from where t h ey graze  s teeper s l opes (G .W . Sheath , 

p e rs .  comm. ) .  

L ambe rt � �. ' s  ( 1 983 ) data showed an  average rat i o  of annu a l  

p astu re p rodu ct i on between  t h e  s l ope c l a s se s  1 - 1 2 , 13-25 , and >25  � 

degrees of 1 : 0 . 7 1 : 0 . 5 2  • These  rat i os were tak en as the  factors u sed 

t o  wei ght t he so i l fert i l i ty pa rameter (PS l ope ) for each s l ope c l a s s .  

5 . 4  SUMMARY 

I n  Ch apter  4 s ome of the l i mi t at i ons rega rdi n g  avai l a bi l i ty of 

data re l a t i ng  to factors e ffect i n g pastu re produ ct i on i n  N I HC were 

ment i oned . Th i s  determi ned that a gene ra l pastu re mode l was req u i red 

w h i ch cou l d  respond rea l i st i ca l ly to  env i ronmenta l  fa ctors p roduc i ng  

s i t e and s eason di f fe rences i n  p roduct i on .  

I n  t h e  present chapter  a p roposed out l i ne for a genera l  pe renn i a l  

p a stu re mode l was descr i bed. F a ctors affect i n g the  ma jor  pa rameters 

were di s cu s sed ,  and t h e  l i t e ratu re wa s re v i ewed i n  an e ffort t o  obta i n 

e s t i mate s  for va l u es o f  t he ma jo r  parameters . F i na l l y ,  adaptat i ons  

n eces s a ry to  standa rd meteorol ogi ca l da ta to  descri be \va ri at i on i n  

h i l l  cou n t ry pastu re p roduct i on were d i scussed.  It  rema i ned t o  t est  

t hese i n i t i a l assumpt i on s , t h e  s u bject of Chapter  7 ,  and t o  di s cu s s  

i mp l i cat i on s  for fu rt her  resea rch , the  su bj ect of  Chapter 9 .  
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Chapter 6 

THE AN IMAL COMPONENT 

6 . 1  I NTRODUCT ION 

T h e  s heep comp onent  of  t he  mode l was  based  on rel at i ve ly wel l 

resea rch e d  rel a t i on s h i p s  des cr i b i n g produ ct i on i n  re l at i on to  ene r gy 

consumed.  

H a vi n g  i n gested  and d i gested  a g i ven  amount of pa stu re , the sheep 

h as a va i l a b l e  e nergy to s u s ta i n the va r i ou s  body fu n ct i ons and t o  

channe l  t owa rds p roduct i on .  T h e  quant i ty o f  energy su pp l i ed ,  a n d  the 

• ru l es •  for  part i t i on i n g  t h i s energy between p roduct i ve p roces ses , 

d etermi n e  the  l e vel of  p roduct i on ,  and the change i n  body reserves . 

N i t ro gen  nut r i t i on was n ot mode l l ed p r i ma r i l y  becau se  t he 

a dd i t i ona l rea l i sm to  be ga i ned was  cons i dered to be great ly 

outwei ghed hy the addi t i on a l  comp l exi ty of the model . I n  add i t i on 

l i t t l e  data exi s t s  on fa ctors  effect i ng  l e ve l s  of n i t rogen i n  h i l l  

c ou nt ry p a s tu re .  The  maj o r  i mp l i cat i on of  excl u d i ng a n i t rogen 

b a l a nce wa s that body compos i t i on of the sheep , fat and p rote i n ,  was 

n ot e xp l i c i t ly mode l l ed .  Howeve r ,  i n  the you n g  grow i n g  sheep , where 

t h i s  wou l d  be of mos t  i ntere st , i t  appea rs t hat there i s  l i t t l e  effect 

of n u t r i t i on on body compos i t i on other  than that wh i ch can be 

e xp l a i n ed by the re l at i onsh i p  w i th empty body wei ght {Sea r l e  & Graham, 

1 970 ) .  

I n  t h i s Chapter ,  factors that  i n f l uence pastu re i ntake and  

p a rt i t i on i n g  of  energy for  s heep i n  d i f fer i ng  phy s i o l ogi ca l states are 

d i s cu s sed . C o n vers i on o f  energy i nt o  a n i ma l  p roduct s i s  cove red , 

factors  a ffect i n g reproduct i ve e f f i c i ency a re out l i ned ,  and f i na l ly 

t he s t ru ct u re of the comp l ete  mode l i s  di scu s sed . A f l ow d i ag ram o f  

I 
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the i n tak e  an d energy ut i l i s at i on components of the mode l i s  gi ve n i n  

F i g. 6 . 1 . 

6 .2  PASTURE I NTAKE 

6 . 2 . 1  I nt roduct i on 

R e gu l at i on of vol u nt a ry i n tak e i n  the sheep appea rs to be 

dete rmi ned by a comp l ex sy stem of  feedback mechan i sms a i med at  

mai nt a i n i n g  ene rgy ba l a nce (B a i l e  & Forbes , 1974 ; Forbes , 1 9 7 7 ) .  

T h i s  resu l ts i n  a l terat i ons t o  p otent i a l i ntake i n  res ponse t o  t he 

d i ffer i n g  energy req u i rement s of  each phy s i o l ogi ca l state ( e . g .  shorn , 

p regnant , l actat i n g ,  dry ) .  Vo l u ntary i ntake  i s  a l s o l i mi t ed by 

p hy s i ca l  capac i ty of the rume n (Forbes , 1 9 7 7 ) when di gest i b i l i ty of 

t he d i et fal l s  bel ow a g i ven l e vel  (Con rad  et �. , 1964 ) ,  and  hence i s  

c l ose ly re l a ted to  d i et di ges t i b i l i ty over  t he range , 30 to  7 5% 

d i gest i b i l i ty ( B l a xter � �. ,  1961 ) .  

6 . 2  . 2 Herbage and 0 1  et 0 1  gest l· b i l  i ty 

D i gest i b i l i ty of  the d i et was dete rmi ned from co rrel at i ons 

between swa rd cha racter i s t i cs  and  a verage swa rd di ges t i bi �ty , and 

between ave ra ge swa rd d i ges t i b i l!tY and d i gest i b i l!tY of the  d i et ,  u s i n g  

c u r rent ly a va i l a bl e New Zea l a n d  data .  I nsu ff i c i ent data were ava i l a b l e 

t o  su bstant i ate  the  more e l a bo rate conceptua l  approaches  to d i et 

s e l ect i on taken i n  some mode l s  ( see  Sect i on 3 . 6 ) .  

R att ray ( 1 978 ) showed the d i gest i b i lty of a ryegrass  domi nant 

p astu re fol l ow s  a season a l  t rend ,  even  i n  a l eafy swa rd ma i nt a i ned by 

c l o se graz i n g .  He a l so s howe d  that  the  ave rage d i gest i b i l i ty of a 

swa rd cou l d  be rel ated t o  the  percentages of g reen and dead OM i n  the  

swa rd .  I n  add i t i on ,  from Hami l t on � �· { 1 9 7 3 )  i t  appea re d  t hat 

a ve ra ge d i ge s t i b i l i ty decl i nes  as green cove r  i ncrea ses . B rowse  et 
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�. ' s  ( 1981 ) data  su g gested that th i s  cou l d  be re l ated to i n crea s i n g 

a mou nt s of rep roduct i ve s tem i n  the swa rd , part i cu l a rly ove r summer 

( s ee F i g . 6 . 2 ) .  Data of B rowse et tl• ( 1 981 )  and  Guy et tl• ( 1 981 } 

were t herefore ana ly sed to  see i f  pe rcenta ge green stem i n  a g raz ed 

swa rd cou l d  be re l ated t o  green cover  (F i g . 6 . 2 ) .  Exc l u di n g  data 

po i nts re l at i n g t o  two t reatments i n  Guy et �· ( 1 981 } ,  wh i ch had  been 

p revi ou s ly h a rd g raz ed f rom a hi gh cover and  hence cont a i ned  a h i gh 

p roport i on o f  stem rel a t i ve to  total green cove r ,  a good l i nea r 

rel at i onsh i p  was deri ved ( r  = 0. 9 3 } . F rom F i gs .  6 . 2  and 6 . 3 ,  F i g .  6 . 4  

was const ru cted  t o  rep re sent the decrease i n  d i gest i b i l i ty o f  green 

h e rba ge w i th i ncrea s i n g  g reen cover .  F i g . 6 . 4 app l i ed on ly when a 

swa rd conta i ned rep rodu ct i ve stem. That i s  u nt i l i t  was con t rol l ed i n  

l ate summe r by graz i n g be l ow 1050 k g  GDM/ha , ( s ee Sect i on 7 . 4 . 1 . 2 ) . 

D i gest i bi l i ty of  green h e rba ge was therefore ca l cu l ated f rom peak 

s easonal d i ges t i b i l i ty de ri ved for browntop swa rds (La nca s h i re & 

U lyatt , 1 9 74 ; U ly att , 1 978 ; see F i g .  6 . 5 ) ,  and decreased as i n  

F i g . 6 .4 wi t h  i ncrea s i n g  green cove r .  

A vera ge swa rd d i gest i b i l i ty (ASD ) ,  was ca l cu l ated by assumi n g  the 

d i gest i b i l i ty o f  dead DM to be 33% ( R a tt ray , 1 978 ) . 

D i ges t i b i l i ty of  the  d i et se l ect ed (DOS } was rel ated t o  ASD as i n  

E q u at i on 6 . 1 ,  der i ved f rom data rev i ewed by Hu ghes � �· ( 1 980 ) .  

ODS = 0 . 7  * ASD + 30 ( 6 . 1 )  

Sheep se l e ct a d i et wh i ch i s  o f  h i gher  di gesti bi l i ty than  t he 

a verage o f  the  sward ,  no  dou bt due i n  part t o  the al most v i rtu a l  

e xc l u s i on o f  dead OM f rom the di et (C l a rk et �. , 1 982 ) .  Howeve r 

s i nce DOS w i l l  depend  on graz i n g p ressu re a s  wel l as ASD , and  s i nce no 

d ata exi sted  to a l l ow the former effect to be i nc l u de d ,  DOS was 

a rb i t ra ri ly  constra i ned  so  that i t  d i d  not exceed the di gest i b i l i ty of 
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the green he rba ge . Act u a l  p roport i on s  of  green and dead consumed  are 

d i scus sed  i n  s ec t i on 6 . 2 . 4 .  

6 . 2 . 3  Determi nat i on of Voluntary I ntake 

O avey ( 1 9 7 3 )  s howed vo l u nt a ry i nt a ke  to i nc rease a fte r a change 

i n  phy s i o l og i ca l state  whi ch cau sed a n  i ncrease i n  ene rgy dema n d ,  even 

when d i ges t i b i l i ty was l i mi t i ng .  Th i s s uggested that d i ges t i b i l i ty 

cons t ra i nts  t o  vo l u nt a ry i nt ak e  operate rel at i ve to vo l u nt a ry i ntake  

for  a p a rt i cu l a r p hy s i o l og i ca l  s tate ,  a nd  wa s the bas i s for t h i s  

a ssumpt i on i n  the  mode l .  

T h e  vo l u n ta ry i ntake  of  non l a ctat j n g, non pregnant sheep was 

e st i mated  as a percenta ge of l i vewe i ght , re l a t i ve to d i ges t i b i l i ty of  

the  d i et ,  a nd  a ge ,  from U lyat t  !1_ !l_. ( 1 980 ) ,  ( see F i g . 6 . 6 ) .  The 

• youn g •  rel a t i on sh i p  was u sed for g row i n g  l ambs unt i l  they reached 30 

k g  f l eece-f ree l i vewe i gh t .  Retween 30 and  50 Kg ,  va l u es we re obta i ned 

by i nt erpo l at i on between the y ou ng and mat u re rel at i onsh i ps ,  p rovi ded 

t hat t h e  s heep was l es s  than  1 6  month s  of a ge .  Otherw i se the • matu re •  

re l at i on s h i p  wa s u sed .  Howeve r  two adju s tments  were ma de t o  t he  

matu re s heep re l a t i on s h i p  shown i n  F i g . 6 . 6 . F i rst , vol u nt a ry i ntake  

i n  matu re sheep  be l ow 50 k g  f l eece-f ree l i vewe i ght1 was made 

i ndependent of l i vewei ght ( e . g .  B l a xt e r  !1_ !l_. , 1982 ) and  wa s a ssumed  

to  equ a l  t h at o f  a 50 k g  s heep . Second , t o  account  for A rnol d � 

B i rrel l 1 s ( 1 9 7 7 ) e v i dence that i nt ak e  eventu a l ly dec l i nes as sheep 

become obes e ,  when f l eece-f ree l i vewei ght  was greater than 50 k g ,  a 

mu l t i p l i e r  was u s ed t o  reduce vol u nt a ry i ntake  ca l cu l ated from 

F i g . 6 . 6 .  

' 1 50 k g  was  a s s ume d  t o  be norma l mat u re wei gh t for a NZ Romney . 
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A mu l t i p l i e r based  on  Arno l d & B i r re l l • s  ( 1 977 ) resu l t s  proved 

t oo s eve re so Equat i on 6 . 2  was syn thes i s ed t o  ensure t h at vol u ntary 

i ntake  ( V I )  d i d n ot i n c rease  a bove t hat of  a 50  k g  ewe ,  and dec l i ned 

s l ow ly  at h i gher wei ght s  ( F i g .  6 . 7 ) .  

V I  = V I * ( 1  - 0 . 0 2 1  * (WT - 50 ) ) ( 6 . 2 )  

where WT i s  f l eece-f ree l i vewei ght . 

T he l i t e ratu re showed no  c l ea r  e f fect of  p regnancy i n  changi ng  

vol u nt a ry i ntake  ( Ve ra et !!· · 1 9 7 7 ) s o  i t  was not i nc l u ded  as  a 

modi f i e r  of  vo l u nt a ry i nt a ke .  Vo l u nt a ry i ntake for l actat i ng and 

s horn ewes was  asses sed re l a t i ve to vo l untary i ntake  i n  non - l actat i n g  

a nd woo l ly  ewes o f  the s ame l i vewei ght .  

Vo l u nt a ry i nt ak e  i n c rease s  to  a maxi mum 3 to 5 week s  post- l ambi ng  

( H a dj i p i e r i s & Hol mes , 1 966 ,  Maxwel l � !!· • 1 979 ) and dec l i nes to  

n on- l actat i ng l e vel s 12  t o  1 4  weeks  pos t - l ambi n g .  Twi n -rea ri ng  ewes 

reach a h i gh e r  peak vo l u nta ry i nt ak e ,  and ma i nta i n  a h i gher vol u ntary 

i ntake  t h rou ghout l act at i on ,  tha n ewes rea r i n g  s i ng l es ( Hadj i p i eri s & 

Ho l mes , 1 9 66 ) .  I n  Maxwe l l et a l . • s  data th i s  t rend  was l es s  c l ea r  

owi n g  t o  l a r ge wee k ly f l uctuat i on s  i n  t he p astu re i ntake o f  ewes 

rea r i n g  s i n g l e s .  The funct i on rep resent i n g the vo l u ntary i ntake  

f actor  ( L F ) for  ewes rear i n g  s i n gl e  and  tw i n  l ambs ( F i g . 6 . 8 ,  

E quat i on 6 . 3 )  was taken  f rom C h r i s t i an  � !l· ( 1 978)  and i s  based on 

t he data of H a dj i p i e res & Ho l mes ( 1 966 ) and A rnol d & Dudz i ns k i  ( 1 967 ) .  

L F  = 1 + 0 . 0 1 7  * T**1 . 4  * EXP ( -0 . 0 5  * T * F ) ( 6 . 3 )  

where T i s  day o f  l actat i on ,  and F = 1 for  ewes rea ri ng  s i n g l es 

a nd 1 . 5  for  ewes rea r i n g  tw i ns .  

P o st - s hea ri n g ,  ene rgy req u i rement s (C oop & Drew , 196 3 ;  Wheel er  

et !!· • 1 963 ; E l v i dge & Coop , 1 974 ) ,  and  a ppet i te st i mu l at i on 

{Wodz i ck a-Toma s z ewska , 1 963 , 1 964 ; navey ,  1 9 7 3 ) depend on 
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env i ronmenta l  factors  wh i ch d i ctate heat l os s  from the body . Des p i t e  

p eak  heat p roduct i on occu rr i n g  i mmedi ate ly  post-s hea ri ng (Davey ,  

1 973 ) ,  · t he re i s  a l a g o f  3 t o  4 weeks before maxi mum vo l u nta ry i ntake  

i s  ach i eved .  By  7 wee k s  post-shea r i ng  vo l u nt ary i ntake  retu rns to  

p re-s heari n g  l e ve l s  (Wodz i ck a-Tomaszwes k a  1 963 , 1964 } .  The  bas i c  

p attern o f  i ncrease i n  vo l u nt a ry i ntak e u sed i n  the mode l (F i g . 6 . 9 }  

was  der i ved f rom Wodz i ck a -Tomaszewska ' s  ( 1 964 } data . Th i s  was 

a dj u sted  da i ly by a mu l t i p l i er (CF ) determi ned f rom mean a i r 

t emperatu re (MAT ) ( E q uat i on 6 . 4 } ,  to  account for c l i mat i c  i n f l u ences 

on vo l u nt a ry i ntak e .  Constra i nts were i mposed on Equat i on 6 . 4  so that 

where MAT < 1 0 ,  MAT = 1 0  a n d  where MAT > 18 ,  MAT = 18 .  Above 1 8  °C i t  

w a s  a s sumed that n o  i ncrea se  i n  i ntake  wou l d  occu r .  

C F  = - 1 . 4 98 + 0 . 5 1 2 * MAT - 0 . 2 31E-I'fMAT**2 ( 6 . 4 } 

W here sheep  were s horn du r i n g  l actat i on the g reater  of  the two 

i nt a k e  fact ors was u sed . Th i s  s i tuat i on does not appear to have 

been s tu d i ed . 

6 . 2 .4 E ffects of Pastu re Avai l abi l i ty on I ntake 

H u ghes  � �· ( 1 980 ) recent ly revi ewed i nforma t i on re l ated t o  

e ffects o f  swa rd phy s i ca l  cha racter i st i cs o n  i ntak e .  E ffects are 

many a n d  va r i ed a n d  mu ch of  the  i n format i on i s  q ua l i tat i ve i n  

natu re . Howeve r u nde r c l os e ly def i ned graz i n g p rocedu res i t  i s  }-
p os s i b l e  t o  condense t hese  i nto  two major  quant i f i abl e i nd i c e. s ,  

a l l owance  ( k g  DM/head/day ) a n d  cover ( k g  DM/Ha ) .  · At h i gh graz i ng 
\ 
I 

p res s u res  both  a re i mport ant ( e . g .  Ratt ray � �. ,  1 980 ) , but at l ow 

g raz i n g p re s s u res , common ly  assoc i ated w i th s et stock i ng ,  on ly  cove r 

i s  i mp ort a nt . 
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Because  green he rba ge makes up a l most the total  rl i et i n  sheep , 

i ntake of green OM was determi ned f i rst , rel at i ve to green cover and  

a l l owa nce . The  percent a ge of  green OM  i n  the di et ( PGO ) was  

determi ned f rom t he percentage of  green OM i n  the swa rd ( PGP ) 

( Equat i on 6 � 5 ,  C l a rk � �. ,  1982 ) .  The sma l l quant i ty of  dead OM i n  

t he d i et was a s sumed neve r to be l i mi ted by ava i l a bi l i ty .  

PGD = EXP ( -E X P ( -7 * PGP ) ) ( 6 . 5 )  

The conceptua l  conf i gu rat i ons o f  F ree r ( 1 973 ) and Wh i te  ( 1 97 5 ) ,  

rel at i n g i nt a ke  of dead OM to the a va i l a bi l i ty of green and  dea d  OM , 

were con s i de red to cont ri bute l i t t l e  ext ra rea l i sm under N I HC 

condi t i ons . 

U nde r  h i gh graz i n g p ressu res ,  i nt ake as a f ract i on of  vo l u nt a ry 

i ntake ,  was  re l ated t o  a l l owance , as a mu l t i p l e  of vo l u nt a ry i nt ak e ,  to 

f ac i l i tate t he de ri vat i on of one set of  funct i ons rel at i n g i nt ake to 

a l l owance for a l l phy s i o l ogi ca l  states . 

Vo l u nt a ry i ntak e i s  achi eved  at an  a l l owance of a rou nd fou r t i mes 

vol unt a ry i ntake w i t h  90% of  vol u nt a ry i ntake  be i n g ach i e ved at an 

a l l owance o f  a bout twi ce vo l u nt a ry i ntake ( Hodgs on , 1 9 75 ) .  Th i s  means 

that for a ny g i ven actua l  a l l owance s heep w i th a h i ghe r vol u n t a ry 

i ntake w i l l  u t i l i s e more . H i gher u t i l i s at i ons ow i n g t o  h i gh e r  i ntake 

d ri ve l i nes up w i t h  Arnol d & Ou dz i nsk i ' s  ( 1 967 ) obse rvat i on s . 

Dat a for  the fu nct i ons desc r i b i ng i ntake  i n  re l at i on to  

a l l owance a n d  pastu re cover we re deri ved f rom Ratt ray et �- ( 1 980 ) . 

R att ray � !l· re l ated  ovu l at i on rate i n  ewes , f i rst ly to a l l owance 

for d i f ferent p re-g raz i n g cove rs a n d  second ly , to post -g raz i n g 

res i du a l  g reen cove r .  Appa rent i nt akes were ca l cu l ated whe re cover 

was non l i mi t i ng ,  i . e .  2500 kg GDM/ha .  Assumi ng ma x i mu m  i nta ke  to be 

1 . 7  kg OM/ewe i n  autumn , Equat i on 6 . 6 was deri ved to f i t the data , 
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whe re t he  asymp t ot e  (A ) eq ua l l ed one .  At l owe r cove rs t he same bas i c  

funct i on was  a s sumed  t o  ho l d , bu t p a rameter  A was re l ated to  

p re-g ra z i n g g reen cover  as  i n  Equat i on 6 . 7 .  At  ve ry l ow a l l owances , 

be l ow 0 . 2 5  * V I , E q u at i on 6 . 6  pre di cted greater than 100% u t i l i s at i on .  

R att ray et !]_. ' s  re l at i ons h i ps  di d i nc l u de very l ow al l owances , so  

be l ow a n  a l l owance o f  0 . 8  * V I , percent a ge pastu re ut i l i s at i on was 

a s sumed  to equ a l  t h at at 0 . 8  * VI , prov i ded res i dua l  cover di d not go 

be l ow 200 k g  GDM/ h a .  

w hen ALLOW > 0 . 8  *: VJ  

M = A  * E X P ( - 1 . 0 1 6  * E X P ( - 1 . 03 08 * ALLOW ) } 

A = 1 1 .4 2  * EXP ( -0 . 0 0 1 98 * GDM/ha ) 

( 6 . 6 }  

( 6 .  7 }  

where M i s  i ntake  as a f ract i on o f  vo l u nt a ry i nt ak e ,  and ALLOW i s  

a l l owance a s  a mu l t i p l e  o f  vo l u nt ary i nt ak e .  Some i ntake fact ors 

p redi cted f rom t hese fu nct i ons a re shown  i n  F i g . 6 . 1 0 .  

U n de r  s et s t ock i n g ,  da i ly changes i n  cove r a re sma l l  a n d  i ntake 
I 

a s  a f ract i on of  vol u nt a ry i ntake  can be s u cce s s fu l ly re l ated t o  
\ 

p as t u re cove r ( e . g .  Wh i te ,  1 975 } . I n  t he abs ence of New Zea l and  dat a 

t he funct i on de ri ved by Wh i te ( 1 9 75 ) was  u sed to  descr i be i ntake  unde r 

s et s tock i n g ,  

M = 1 - E X P ( -0 . 2 E - 5  * GDM/ha**2 }  ( 6 . 8 }  

6 . 2 . 5  I ntake by Suck l i ng Lambs 

L ambs were a s s umed  t o  consume a l l  t he  mi l k  supp l i ed by thei r 

mot he rs . Twi n l ambs we re a s s umed  t o  s h a re the  mi l k  equa l ly .  

H e rbage i ntake by l ambs i s  z e ro for t h e  f i rst two to three weeks  

1 o f  l i fe ( J oyce  & Rat t ray ,  1 9 7 0 } . Rate  of  t rans i t i on f rom non-rumi nant 

t o  rumi nant depends both o n  a ge and  mi l k  i nt ake  ( Hodge , 1 966 ; Joyce & 

R att ray , 1 9 7 0 ; Pen n i n g  & G i bb ,  1 9 79 } .  Low l eve l s  of  mi l k  i ntake  are 



1 . 0 
2500 kg GD�1/h a  

0 . 75 

� 0 . 5  
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e . 0  

e 2 3 
ALLO�ANCE - KG/HD/DAY/K� VOLUNTARY INTAKE 

F i g ure 6 . 1 0  Assumed rel at i onsh i p between g reen pasture a l l owance 
and  green pastu re i ntak e , a s  a mu l t i p l e ·of V I .  
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compensated  by i n creased herbage i nt ak e ,  when measu red on a per k g  

l i vewe i gh t  (LWT ) ba s i s  ( Penn i n g � G i bb ,  1 979 ) .  Howeve r s i n ce l ambs on 

a h i gh mi l k  d i et tend  t o  be h ea vi e r ,  tot a l  he rbage i ntak e i n  t hese 

l ambs may be greate r .  

H e rba ge i nt a k e  f o r  l ambs a t  pastu re i s  h i gher than  for i ndoor 

f ed l ambs ( P e nn i n g  & Gi bb ,  1979 ) .  Therefore data of Hodge ( 1 966 ) 

were u se d  t o  cons t ru ct a s e r i e s  of l i nea r re l at i on sh i ps  between 

p otent i a l  h e rba ge i nt ak e  a nd mi l k  i ntake  ( both i n  g OM/k g LWT ) ,  at 

f i ve-day i n te rva l s /th rou ghou t the suck l i ng per i od. Potent i a l  herba ge 

i ntake  was a s s umed a t  5% o f  l i vewei ght by seven week s of a ge .  Th i s  

was  h i gh e r  than  i n  Hod ge ( 1 966 ) , but c l os e r  to  that assumed i n  the 

mode l for  weaned l ambs , 5 . 5% .  Coeff i c i ent s and i ntercepts u sed i n  the 

mode l a re g i ven i n  T a b l e 6 . 1 .  I nterpo l at i on was conducted between 

p er i od means .  

TABLE 6 . 1 :  Potent i a l  herbage i ntake o f  su ck l i n g l ambs , re l ated to  
m i l k  i nt a k e  (HDM I  = He rba ge d ry matter i ntak e ,  MDM I = 
m i l k  d ry matter  i ntak e )  

A ge 
( day s ) 

Re gres s i on Coeff i c i ent 
( g  HDM I / g  MDM I ) 

I nte rcept 

1 6  
2 1  
2 6  
3 1  
36  
4 1  
46  
5 1  

-0. 1 4 5  
-0 . 4 26 
- 1 . 22 
- 1 .62  
- 1 .7 8  
-1 . 7 9  
- 1 .8 
- 1 .8 

( g  H DM I /k g  LWT ) 

5 . 5  
16 . 5  
39 .0  
44 . 0  
47 . 0  
49.0  
so .o  
50. 0  

I n  the a bsence o f  su i t ab l e  data  t he e f fect of herba ge q u a l i ty on 

p otent i a l  he rba ge i n tak e (PHDM I ) ,  was i nc l u ded  a s  a mu l t i p l i e r ,  
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decreas i n g l i nea rly wi t h  decreased pastu re qu a l i ty (e . g .  Wa rdrop & 

C oombe , 1 9 6 1 ) .  

PHDMI = PHDMI * ( -0 . 7 5 95 + 0 . 1 53 * Q )  

where Q i s  MJME/Kg OM . 

I n  rea l i ty ,  qua l i ty of  the  suck l i ng l ambs ' d i et wou l d  se l dom be be l ow 

7 5% d i ges t i b i l i ty .  

6 . 3  ENERGY UT IL I SAT ION BY THE SHEEP 

6 . 3 . 1  I ntroduct i on 

Ut i l i s at i on of feed by the a n i ma l  was descr i bed u s i ng  

metabo l i s a b l e  energy (ME ) as  the u n i t of  nu t r i t i ve va l u e (e . g .  

B l a xt e r ,  1 962 ) . G ros s ene rgy i n  pastu re i s  about 1 R . 4  MJ /kg OM and 

va ri es l i t t l e throu ghout the yea r .  D i gest i b l e  E nergy (DE ) content 

depends on d i gest i b i lrry . Los ses between DE and  ME are c l ose ly  

a pp rox i mated hy 1 9% o f  DE . 

T h e  p r i ori t i es for  p a rt i t i on i ng di et a ry ME between ma i nte nance 

a nd the p roduct i ve p roces ses were speci fi ed i n  a s i mi l a r  ma nne r  to  that 

i n  Wh i te { 1 975 ) and  Ve ra et a l .  ( 19 77 ) . , Pa rt i t i on i ng  of d i et a ry ME 

dur i n g  u nde rfeedi n g  has  rece i ved re l a t i ve l y  l i tt l e  attent i on i n  the 

l actat i n g a nd p regnant a n i ma l . Most stud i e s  have concent rated on 

e st i mat i ng  addi t i on a l  ene rgy req u i rement s for  pregna ncy and l a ctat i on 

based on  the energy ret a i ned by these p rocesses  fol l ow i ng  adequate  

f eed i n g .  

Det ermi nants of  energy dema nd by the  d i f ferent p roduct i ve 

p rocesses  and the re l at i onsh i ps between energy reta i ned and  p hys i ca l  

y i e l d o f  p roduct a s sume d  i n  the  mode l a re d i s cu ssed i n  t h i s sect i on .  

A fl ow d i agram o f  the  an i ma l  component was g i ven i n  F i g . 6 . 1 .  

( 6 . 9 )  
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6 . 3 . 2  Ma i ntenance 

T heoret i ca l ly ma i ntenance comp ri ses  energy u sed t o  s upport bas i c  

body fu n c t i ons ( i . e .  F as t i n g  Heat P rodu ct i on ,  FHP )  p l u s  the  heat 

i nc rement p rovoked by consumi n g  feed be l ow ma i ntenance. D i fferences 

i n  F H P  h a ve been re l ated  to  d i fference s i n  metabo l i c  body wei ght ,  for 

matu re a n i ma l s o f  d i f ferent spec i e s  ( K l i ebe r ,  1961 ) .  However i t  has 

been fou n d  du r i n g  attempts  t o  measu re FHP  w i th i n  a spec i es  that  

measu reme nt s  a re a ffected by nut ri t i on p ri or  to  est imat i on (Webster ,  

1 978 ) ,  a nd  t hat they a re h i ghe r  per  u n i t  metabol i c  body wei ght i n  

g row i n g  t h a n  i n  matu re an i ma l s .  Many est i mates o f  FHP t he refore 

s i mp ly rep resent ener gy req u i rements  at z e ro i ntak e ,  ext rapo l ated from 

re gres s i on t h rou gh data at l ow l e vel s of feedi ng  (e . g .  Graham & 

Sear l e ,  1 9 7 2 ) .  The fu nct i on used  by Wh i te ( 197 5 )  rel at i n g FHP  per 

u n i t  metabo l i c  body wei ght , to a ge ,  for sta l l fed sheep was taken as  a 

s t a rt i n g  po i nt for  e st i mat i n g F H P  as des cri bed above .  The funct i on 

was  s u bs eq u en t ly a l t ered t o  conform t o  a s l i ght ly l ower metabo l i c  rate 

f o r  t he y ou n g  l amb , i n  l i ne w i th data f rom Wa l k e r  � Jagu sch ( 1 969 ) .  

F H P  = A * WT * *0 . 7 5 

where A = 0 . 2 33 +0 . 025/ ( 0 . 1 2 5  * 32**AGE ) 

( 6 . 10 ) 

( 6 . 1 1 )  

WT i s  f l eece-f ree l i vewe i ght  and  AGE i s  a ge e xpressed i n  u n i t s  of  1 

y ea r .  

I n  t he graz i n g sheep , ma i ntenance requ i rements are cons i derably 

g reater  ( p l u s  40%,  Coop & H i l l  ( 1 962 ) ) ,  than  those o f  sheep conf i ned 

t o  a pen . F u rther ,  ma i ntenance req u i rement a t  graz i n g depends on 

p astu re access i bi l i ty (C oop � D rew , 1 963 ) .  The addi t i ona l energy 

req u i remen t  a s s oci ated w i th graz i n g  h i l l  cou nt ry was assumed  a s  6 5% ,  

c ompa red t o  a round  40% for  f l at l a n d  (C oop � H i l l ,  1 962 ) .  Pa stu re 

a cces s i b i l i ty e f fects on  ma i ntena nce ( E PA )  were rel ated t o  green cove r  
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and a re gi ven i n  Fi g .  6 . 1 1 .  Th ese were adapted f rom Arnol d � !}_. 

( 1 9 7 7 ) .  

T he heat i ncrement of  feed i ng ,  be l ow ma i ntenance ( 1 -KM ) ,  was 

re l ated  to  ME conce nt rat i on of  the feed , (Q  MJME /k g DM ) MAFF ( 1 97 5 ) ,  

KM = 0 . 5 5 + 0 . 0 16 * Q ( 6 . 1 2 )  

M a i ntena nce ene rgy requ i rement s ,  (MEM ) i n  MJ ME , we re therefore 

descr i bed by Eq uat i on 6 . 1 3 .  

MEM = ( F HP  * 1 . 65 * E PA ) /KM ( 6 . 1 3 )  

6 . 3 . 3 P re gnancy 

E ne rgy retent i on i n  the p roducts  of concept i on has been the 

s u bj ect of a number of  comp rehen s i ve studi es . G e i s l e r  & Jones ( 1 979 ) 

a s s emb l ed mu ch of  th i s i n format i on i nto  a mode l whi ch has p roved a 

u sefu l revi ew o f  the wo rk . They deri ved a standa rd foeta l  growth 

cu rve by sca l i n g foetal  wei ght at t e rm to 1 k g .  Thei r fu nct i on was 

u sed  i n  t h i s mode l (F i g . 6 . 1 2  a nd Equat i on 6 . 14 ) .  Act u a l  foet a l  

g rowth was -obt a i ned by mu l t i p ly i n g the standa rd fu nct i on by 

a nt i c i p ated b i rth wei ght . 

WF = -0 . 347 E-4 + 5 . 0 2 6  * E X P ( -E X P { -0 . 0 143 * (T - 180. 3 ) )) ( 6 . 14 )  

where T i s  day of p regnancy ( rnu st be g reater than  30 ) .  

L amb b i rth  we i ght has  bee n shown to  be re l ated to  s i z e of the 

ewe at  mat i n g (Dona l d  & R u sse l l ,  1970 ) .  Howeve r Ratt ray & Tr i gg  

( 1 9 7 9 ) showed that nu t r i t i ona l ly i nduced ewe l i vewei ght d i fferences at 

a p p rox i mate ly  day 100 of p regna ncy i nf l u enced b i rth we i ght . Th i s  may 

h a ve been due to  nutr i t i onal  e ffect s on p l acenta l  deve l opment (Dav i s 

� !l· •  1981 ) .  Potent i a l l amb bi rth we i ght was determi ned re l at i ve to  

con ceptu s-free ,  fl eece-f ree ,  ewe l i vewei ght on day 95 of p regnancy .  

T h e  rel a t i on s h i ps i n  F i g .  6 . 1 3  were assumed,  u s i n g dat a  f rom Lew i s  
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( 1 9 59 ) ,  McC a l l  ( 1 9 7 7 )  and  R a t t ray & T ri gg  ( 1 979 ) .  Up unt i l Day 9 5 ,  

p otent i a l b i rt h we i gh t  was es t i mated da i l y .  

N u t r i t i on a l  effect s o n  f oeta l  growth after  day 9 5 ,  ( e . g .  R at t ray 

� �. ,  1 974b ;  R u s s e l  et �. , 1 97 7 ;  Ratt ray & Tr i gg ,  197 9 ) , were 

a s sumed  t o  ho l d t he  foetu s  ba ck i n  t i me on  the  potent i a l  growth cu rve ,  

( e . g  G e i s l e r  � Nea l , 1 9 79 ) .  A nutri t i on a l ly depri ved foetu s was 

a s sumed  to h a ve the same fu t u re growth potent i a l as a you n ger  foetu s  

a t  the  same wei ght .  Howeve r ,  foeta l  g rowth  rate  was not permi tted t o  

f a l l  bel ow 84% o f  potent i a l  da i ly growth , a l e ve l shown t o  be 

ma i nt a i ned even a t  ve ry l ow feedi ng  l e ve l s  {R att ray & T ri g g ,  1 9 79 ) .  

F oeta l  energy content ( i n  MJ ) was rel ated t o  sta ge of de ve l opment 

( T , i n  day s )  by Equat i on 6 . 1 5 , a fter day 75 o f  p re gnancy .  Before day 

7 5 ,  e nergy content was  as sumed  t o  be 1 MJ /k g .  

F E  = - 9 . 9 9  + 0 . 1 9 5 * T - 6 . 64E-4• T**2 ( 6 . 1 5 )  

We i ght  and  energy content of  the p l a centa , f l u i ds and u teru s  

( F i gs .  6 . 1 4  and 6 . 1 5 )  we re determi ned a s  i n  Gei s l e r � Jones { 1 9 79 ) 

e xcept t h at u te ru s  wei ght  wa s re l ated t o  actu a l  ewe conceptu s-free 

f l eece-f ree l i vewei ght , rather than  l i vewe i gh t  at mat i n g.  Mamma ry 

we i ght , was  re l at�d t o  tot a l  foeta l  we i gh t  f rom the  data of  R att ray � 

�· ( 1 9 74b )  a s :  0 . 2 * tota l  wei ght of foetu s .  Mamma ry t i ssue  was 

d i f ferent i ated f rom mat e rn a l t i s sue  on Day 1 00 .  Assumed ene rgy 

content  o f  mamma ry t i s su e  i s  shown i n  F i g . 6 . 1 6  ( Ratt ray et �· 

1 97 4b ) .  

E st i mates  of the  eff i c i ency of ME u se for conceptus growth range 

f rom 10  t o  2 1% { Rob i n s on � �. ,  1980 ) . These a re g ross effi c i enci es , 

determi n ed f rom the  amou nt  o f  ME stored i n  t h e  conceptu s and apparent 

ME u sed f o r  p renancy .  F u rt h e rmore t hey a re a ve rages ove r  a l l or  qu i t e  

a l a rge p a rt o f  p re gn a ncy .  
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It was deci ded to part i t i on ene rgy used  for pregnancy between 

conceptus  ma i ntena n ce and conceptus ga i n  { R att ray � �- ·  1 974a ) ,  

s i nce t h i s  s t ruct u re bes t  expl a i ned the decrea sed gros s eff i c i ency of  

ME use  w i th i mp roved feedi n g ,  noted by Graham { 1 964 ) .  

M a i ntena nce of mamma ry t i ssue  was determi ned as part of matern a l  

ma i ntena nce . Conceptus  ma i ntenance req u i rements  were assumed  t o  be 

0 . 5 2 5  MJME/k g conceptu s  metabol i c  wei ght , the effi ci ency of ME u se  

for  ma i ntena nce ( KCM ) hav i n g  been taken- as 80%  ( s ee Ratt ray � �· ·  

1 974a ) .  The  eff i c i ency of ME u se for conceptu s and mamma ry ga i n ,  

u s i n g  t he above a s sump t i ons rega rdi ng  ma i ntenance ,  was ca l cu l ated as 

2 5% f rom Ratt ray � �- { 19 74a ) .  

6 . 3 . 4 lactati on 

G i ven good nut ri t i o n ,  ewe mi l k  product i on i n crea ses post- l amb i n g .  

P rodu ct i on pea k s  a rou nd the th i rd week o f  l a ctat i on a n d  thereafter  

decl i nes  steadi l y  ( Co rbett , 1968 ) . The patte rn i s  s i mi l a r  to th at i n  

cows {Co rbett , 1 968 ) and  has  been descr i bed by Wh i te { 1 976 )  us i n g the  

fu nct i o na l  form de ri ved for  cows by Wood ( 1 96 7 ) .  

Y = A * WL**B * EX P { -C * WL ) { 6 . 1 6 ) 

where WL i s  week o f  l actat i on ,  pa ramete r  'A ' p rovi des the s ca l e  for  

t he l e ve l of mi l k  p rodu ct i on ,  and  the pa ramete rs 'B ' and  • c • dete rmi ne 

t he pattern of ascent and  descent , re l at i ve to  'A ' .  

N u t ri t i on of  the  ewe i n  l ate p regnancy has  been i mp l i ed as a 

factor  i n f l uenc i n g  potent i a l  mi l k  product i on { Treacher 1970 ) ,  as has  

i ntake  capac i ty { b i rth wei ght )  of the you n g  l amb ( Pea rt , 1967 ) .  The 

l atter  mechan i sm i s  supported by t he fact t hat ewes rea ri n g  tw i ns 

p roduce 30% more mi l k  than  those  rear i n g  s i n g l es (Barni coat � �- ·  

1 94 9 ) .  Wh i te { 1 9 7 5 ) de ri ved equat i ons  re l at i ng 'A ' to l amb b i rth 
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we i gh t  ( RWT , k g ) for  ewes  rea r i n g  tw i ns and  s i ng les . They appeared 

t o  con form w i t h New Zea l a n d  data , a n d  so were adopted . 

A ( s i n g l e s )  = 0 . 3 5  * BWT 

A (t w i n s ) = 0 . 5  * (BWT + 1 )  

V a l u es for  t he pa rameters ' B ' a n d  • c • were establ i shed f rom 

{ 6 . 1 7 } 

( 6 . 1 8 }  

N ew Zea l a n d  data on romney ewes ( J a gu sch � �. ,  197 2 ;  Geenty & 

J a gu sch , 1 974 ; Geenty , 1 9 7 9 )  by f i tt i n g a l i nea r trans format i on of 

E q u a t i on  6 . 1 6  ( i . e .  l n  Y {W L )  = l n (A ) + B * l n (WL } - C * WL ) 

w here l n  i s  t he  natu ra l l oga r i t hm. 

R ep resent a t i ve est i mates for  ' B ' and • c • ( Tab l e 6 . 2 ) we re 0 . 5  and 

0 . 1 9  for  ewes  rea ri n g  twi ns . L i mi ted data on ewes rea ri n g  s i n g l es 

s u ggested a s i mi l a r  pattern of  l a ctat i on t o  ewes reari n g tw i ns so  the  

a bo ve va l ue s  were adopted for ewes rea r i ng  s i n g l es .  

TABLE  6 . 2 : P a ramete r va l u es for  l act at i on cu rve obta i ned  by f i t t i n g  
N ew Zea l and  data 

R e fe rence /P a rameters A B c 

Geenty (1 9 7 9) 
Twi ns 2 . 89 0 . 422 0 . 2 1 7  

Geenty (1 97 9) ""' Twi n s  2 . 9 2  0 . 349 0 . 1 91 

J a gu s c h et a 1 • ( 1 9 72 }  
Tw ins 2. 7 7  0 . 545  0 . 1 99 

I f  i nsu ff i c i ent feed i s  consumed  for  a ewe to  rema i n  i n  pos i t i ve 

e ne rgy ba l a nce w h i l e  p roduc i n g  at potent i a l  mi l k  y i e l d , s ome 

buffer i n g  o f  mi l k  p rodu ct i on appears t o  occu r th rough l i vewe i ght l oss , 

before mi l k  p rodu ct i on i s  decrea sed ( e . g .  T rotter � �. ,  1 97 5 ) .  To 
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accou nt  for these effect s the gene ra l fu nct i ona l form assumed  by W h i te 

( 1 976 ) was  adopted (Eq u at i on 6 . 1 9 ,  F i g .  6 . 1 7 ) .  

T h i s  desc r i bes the reduct i on i n  mi l k  y i e l d (M I LKFC ) re su l t i n g 

f rom d i f fe rent l e ve l s  of ene rgy def i c i t  ( EMB ) ,  and a l l ows for  a l e ve l  

o f  mobi l i s at i on wi t hou t de l eteri ou s  effect o n  mi l k  product i on ,  a nd  

redu ct i on i n  mi l k  produ ct i on before ma xi mum  mobi l i s at i on i s  reached.  

A fami l y  o f  cu rves  was  postu l ated w i th the va l u e  of parameter  ' D ' 

depend i n g on ewe bu fferi ng  ab i l i ty ( i . e .  l i vewei ght ) and week of  

l actat i on .  The re l at i ons h i p  between D and  l i vewei ght and week of  

l actat i on was  deri ved by ca l i brat i on to  Pea rt ' s  data  ( s ee Sect i on 

7 . 6 . 3 .  

M I LKFC  = E X P ( -D * EMB **3 } ( 6 . 1 9 )  

Where s hort du rat i on restr i ct i ons  t o  i ntake  ( 2  week s )  occu r i n  ea rly 

l actat i on ,  mi l k  p roduct i on retu rns to potent i a l  l e vel s when � l i bi tum 

feedi n g  i s  resumed ,  bu t th i s  does  not occu r fo l l ow i n g prol onged 

restr i ct i on ( 4  week s )  ( Peart , 1 9 70 ) .  To accou nt for  t he l atter  

effect , mi l k  y i e l d after week fou r of  l actat i on ,  was res t r i cted f rom 

r i s i n g above t he  average da i ly y i e l d  of the p revi ous week whe re act u a l  

mi l k  y i e l d  was l es s  than 80% o f  potent i a l  ove r  t h e  f i rst 4 weeks  of 

l a ct at i on .  I n  addi t i on ,  mi l k  y i e l d  i n  l ate  l actat i on ( > 5 week s )  was 

rest r i cted from r i s i n g above the a verage da i ly y i e l d  of  t he p rev i ous 

week as a matter  �f  cou rse . 

T h e  energy content of  ewes ' mi l k  va r i es between 24 . 1  and 26 . 3  

MJ / k g  DM o f  mi l k ,  dependi n g  on compos i t i on (J a gu sch & M i t che l l ,  1 9 7 1 ) .  

Va l u es of  26 MJ / k g  OM and 1 8 . 5 %  OM were chos en as rep resentat i ve of  

J a gu sch  and  M i t che l l ' s  dat a .  Va r i ou s  es t i mates of the p a rt i a l 

e f f i c i ency of mi l k  p roduct i on ( K L )  ra n ge from 59% (Maxwe l l � �· -' 

1 9 79 ) t o  7 5% (O rs k ov & Rob i n son , 1 972 ) for ewes . A va l ue of 65% was 
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chosen as  a bes t  es t i mate  f rom work on da i ry cows (Ho l mes et !1· , 

1 98 1 ) .  

T h e  e ff i c i e ncy of  ME u s e  for ma i ntenance and  ga i n  i n  suck l i n g 

l ambs were both a s sumed t o  be 0 . 7 7  (J a gu sch  & Mi tchel l 1 97 1 ) .  As 

l ambs comme nced graz i n g ,  KM and KF were a ssumed to  take va l ues  

i nt e rmedi ate between  mi l k  a nd  gras s va l u es , i n  p roport i on to  the 

amount  of  ME they rece i ved f rom each s ou rce. 

6 . 3 . 5  Body T i s sue Change 

S u rp l u s  ME , after  meet i ng the  day ' s  requ i rements for ma i ntenance 

a n d  p rodu ct i on ,  was  stored a s  body t i s s ue .  T he effi ci ency (KF ) w i t h  

w h i ch M E  was ret a i nerl as t i s s ue energy depended o n  the qua l i ty of  the  

d i et (0 , MJME /k g OM ) (MAFF , 1 9 7 5 ) .  

KF  = 0 . 04 35 * 0 ( 6 . 20 }  

K F  was a s sume d  t o  be u n a f fected by phy s i o l o gi ca l  st ate except du ri n g  

l actat i on ,  when KF wa s a s sumed to  equa l  KL  (ARC , 1980 ) .  

F o r  a pos i t i ve energy ba l a nce , energy retai ned was ca l cu l at ed 

a s  

E R  = (ME I  - MEM - MEP - MEL ) * KF ( 6 . 2 1 )  

w h e re MEM , MEP and  MEL were ME u sed  i n  ma i nt enance , p regnancy and  I 
l ac tat i on respect i ve ly ,  a nd  ME I was ME i nt ak e .  

W h e re energy ba l a nce i s  negat i ve ,  t he  i n forma t i on i s  not as 

c 1 ea r ly  def i ne d.  Theoret i ea l ly ,  i n  the  dry s heep , 1 oss of  energy from 

t i s s ue  i nc rea ses  as : KM * ME I ,  per  u n i t  def i c i t  of ME I be l ow 

ma i ntenance (MEM ) 

. E xp re s sed  i n  a gene ra l equat i on :  

E R  = ME I * KM - FHP ( 6 . 22 ) 
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where FHP , a bove , i n c l u de s  the graz i n g component s of ma i ntenance i n  

E quat i on 6 . 1 3 .  

G raham � �· ( 1 97 6 ) cons i de red that KM was too h i gh for 

c a l cu l at i n g negat i ve energy ba l a nces and  t hat KF wa s va l i d  at  l east  

down to an ME ! of  ha l f MEM . Desp i te t h i s i t  was dec i ded to  ret a i n  

E quat i on 6 . 2 2 .  

T h e  pa rt i a l e ff i c i ency o f  catabo l i sed  energy use for l a ctat i on 

( KML ) has  been as sessed as 0 .84 i n  cows (ARC , 1 980 ) . The same 

e f fi ci ency was  as sumed t o  hol d i n  ewes .  Du ri ng  pregnancy , Robi n son et 

�. · s  ( 1 980 ) data  suggested that energy supp l i ed from body t i s sue  was  

u sed wi th a bou t twi ce the  eff i ci ency of  d i etary ME in  twi n bea ri n g  

ewes . Accordi n g ly , t h e  energy def i c i t  resu l t i ng from short a ge of ME 

t o  meet p regnancy req u i rements was a s sumed to be 0.5  t i mes  the def i c i t 

i n  ME P .  

E nergy retent i on i n  p regnant and l a ctat i n g  ewes i n  negat i ve 

e nergy ba l a nce was t herefore decri bed a s : 

where ME I ) MEM 

E R  = (ME I - MEM ) * 0 . 5  - MEP * O .  5 

o r  E R  = (ME I - MEM - MEL ) * KL/KML 

where �1E I < MEM 

E R  = (ME ! * K�� FH P )  - MEP * 0 . 5  

o r  E R  = (M E !  * KM FH P )  - MEL * KL/KML 

( 6 . 2 3 )  

( 6 . 24 )  

( 6 . 2 5 ) 

( 6 . 2 6 )  

C hange i n  empty body wei ght ( E BWC , k g )  was determi ned from energy 

( - 1  retent i on E R )  and  the  energy va l u e  o f  ga i n  ( E VG ,  MJ /k g ) .  

E BWC = ER/EVG  ( 6 . 2 7 )  

T he energy va l ue of ga i n  ( and  l os s ) was  rel ated to empty body wei ght 

( EBW , k g )  by E q u at i on 6 . 2 8 ,  deri ved by Wh i te ( 1 9 7 5 )  from the data of 

S ea r l e  & Graham  ( 1 970 ) .  
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EVG = 0 . 52 * EBW + 3 . 5  ( 6 . 28 ) 

w he re EBW i s  empty ( 30 hou r ,  fasted ) body wei ght . 

A n  u ppe r l i mi t  to  EVG mu st occu r at 39 MJ /Kg ,  the energy content 

o f  fat , but i n  p ract i ce EVG has not been meas u red th i s  h i gh .  

E q u a t i on  6 . 28 was  bounded a t  35 MJ / k g .  

E nergy va l ue o f  ga i n  i n  you n g  l ambs ca n be ext reme ly va ri a b l e ,  

a n d  depends  o n  l e ve l o f  nut ri t i o n . Unde r-nou ri s hed l ambs mobi l i se fat 

t o  p roduce p rotei n ( J a gu sch & M i tche l l ,  1 97 1 ) .  E nergy va l ue of ga i n 

was  t herefore con s i dered  constant at 8 MJ /k g ,  u nt i l Equat i on 6 . 2 8  t ook 

o ve r .  A va l u e  o f  8 MJ / k g  i s  i n  the range of J a gu sch & M i t chel l • s  

dat a .  

L i vewe i ght change ( LWC , k g )  was est i mated by assumi n g  the wei ght 

of gut contents to be 6% of  fasted body wei ght (Hu ghes , 1 9 76 ) .  Woo l 

g rowt h  (WG , k g )  a nd  growth of  the p roducts  of p regnancy {CG ,  kg ) we re 

a dded a n d  change i n  l i vewei ght was t herefore est i mated as : 

LWC = EBWC * 1 . 0 6  + WG + CG 

6 . 3 . 6  C l i mate E ffects 

Addi t i on a l  energy req u i rements of  s heep after shear i ng  were 

' re l ated  t o  env i ronment a l  heat dema nd  ( EHD , MJ ) f rom an equat i on 

a dapted f rom B l a xt e r  ( 1 97 7 ) .  

( 6 . 2 9 ) 

E HD = ( (TR  - MAT + E * I E ) / ( I T + l E ) ) * SA ( 6 . 3 0 )  

where S A  i s  su r face a rea (m2 ) ,  TR i s  recta l temperatu re { 39 °C ) ,  MAT 

i s  mean  a i r tempe ratu re , E i s  the mi n i ma l  l os s  of heat by vapori s i n g  

mo i s tu re ( 1 . 3 MJ /m2 /d ) ,  l E  i s  externa l i nsu l at i on ( s ee be l ow )  a n d  I T  

i s  t i s s ue  i n su l at i on ( 1 . 33 °C .m2 . d /MJ f o r  adu l t  sheep ) 

SA  = 0 . 0 9  * LWT**0 . 6 6  ( 6 . 3 1 } 
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IE = ( R / ( R+F ) * 1 /(0 . 1 1 5+0 . 099 * V)+-R * l n((R +F)/R ) * ( Z -0 .09 * V) ) /4 . 1 8 .  

( 6 . 3 2 )  

w here R i s  t h e  ra di u s  of a sheep ( 1 50 mm ) ,  F i s  the l ength o f  

f l eece i n  mm ,  V i s /<ai r  ve l oci ty i n  mi l es per hou r ,  and Z i s  the 

therma l  i ns u l at i on of  1 mm of f l eece ( 0 . 59 °C .mr . d/Mca l ) .  

F l eece l engt h  ( i n  mm ) was re l a ted to f l eece wei ght (F LWT , k g )  

( G raham � �. ,  1 97 6 ) , as : 

F = Jf LWT/ ( 0 . 08 + 0 . 005 * LWT ) )  * 10 ( 6 . 3 3 )  

W here heat p roduct i on on a ny day was not suff i c i ent to meet the  

env i ronment a l  h eat demand ,  ma i ntenance was i n creased at the expense o f  

energy ret a i ned i n  body t i ssues u nt i l su f f i c i ent heat was p rodu ced to  

meet demands . 

6 . 3 . 7  Woo l G rowth 

Wool growth i n  tempe rate s heep breeds i s  subj ected to  an  annu a l  

rhythm.  Under norma l l eve l s  of  feed i ng  t h e  rat i o  of woo l grown i n  t he 

summe r can be t h ree t i mes that grown i n  the w i nter (Coop , 1 953 ; 

R i gham � �. ,  1 978 ) .  

I t  i s  genera l ly accepted that wool growth rate  i s  l i nea r ly 

rel ated  to i ntake  for a part i cu l a r di et ( e . g .  Sumne r, 1979 ) .  L i near  

rel a t i onsh i ps between wool growth rate and  l i vewei ght ga i n  in  recent 

New Zea l and stu d i es ( S umner & R att ray , 1 980 ; Sumner & Smeaton , 1 981 ) 

a dds we i ght to t h i s observat i on .  The s l ope of  the re l at i onsh i p s a re 

a ffecte d  by the season a l  rhythm of woo l g rowt h  (Sumner ,  1 9 7 9 )  and  

l actat i on (Hawker ,  1 981a ) .  Al s o ,  a l a g occu rs before woo l  growth  rate 

reaches equ i l i b r i u m  fol l ow i ng  an a l terat i on to  i ntake ( N a gorck a ,  

1 97 7 ) .  
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Re l at i onsh i ps between c l ean  wool growth rate and ME i ntake  were 

der i ved f rom data summar i sed by H awk e r  ( 1 981a ) re l at i n g to New Zea l and  

t r i a l s  at pastu re .  · D i ge st i bl e  organ i c matte r ,  the u n i t u sed  hy Hawker  

for  i nt ak e ,  was  converted  t o  MJME u s i n g  a fact or of 1 5 . 5  MJME /k g DOM 

( J a gu sch  & Coop , 1 9 7 1 ) .  G rams of c l e a n  d ry wool grown per MJME i ntak e  

� a re g i ven i n  i n  Ta bl e 6 . 3  for d i f fe rent  t i mes of the year .  There was 
' 

q u i te a ra n ge i n  responses . 

TABLE 6 . 3 :  Wool  growth rate responses  ca l cu l at ed from Hawker ( 1 981a ) 

Da tes  C l a s s  o f  Sheep Re sponse 
( g  c l ean  wool /MJME I )  

1 Sep t - 3 1  Oct  H og get 0 . 60-0 . 78 
1 Nov - 9 Dec Hog  get 0 . 69-0 .94  

Feb  - May Lamb 0. 4 5 -0 . 96  

Autumn Ewe 0 . 6 3-0 .88 
M i d  w i nt e r  Ewe 0 . 39-0 . 5 5  

Sept-Dec Ewes l a ct at i n g  ( s i ng l e )  0 . 3 5-0 . 38  
Sept-Dec  Ewes l a ctat i n g (tw i n )  0. 30-0 . 36  

Respon ses  i n  the  mode l  we re i n terpo l ated f rom responses chosen 

f rom T ab l e  6 . 3  as be i n g  representat i ve o f  fou r  t i mes of the yea r .  For  

n on l acta t i n g  � heep , t hese  were : 

e nd  of  Ma rch 0 . 6 5  

e nd  o f  December  0 . 90 

e nd o f  September 0 . 6 0  

e nd  o f  Ju ne 0 . 4 0 .  

F or l actat i n g  ewes ,  e n d  o f  September va l u es were changed t o  0 . 2 6  and  

0 . 2 2  for  ewes rea r i n g  s i n g l e s  a nd  twi n s  respect i vely , and va l ue s  o f  

0 . 3 5  a n d  0 . 30  we re a ssumed  t o  be  reached  by t he  e nd  o f  November and  

rema i n u nt i l day 84  of  l a ctat i on ,  or  wea n i n g ,  w h i chever came f i rst . 
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Wool growth rates at  z e ro i nt ak e  were assumed  to be 0 . 5  g/day 

i n  Ju ne , 1 . 0 g/day i n  Septembe r and Ma rch and 1 . 5 g/day i n  Decembe r .  

T h e  l a g  fu nct i on i ncorporated i n  t h e  mode l was that de ri ved by 

N a go rk a  { 1 9 7 7 ) .  The l a g was def i ned as  the t i me tak en for  wool growth 

rate to  cha nge by 2/3 o f  t he di fference between i t s  cu rrent va l u e  and 

t h e  new equ i l i br i um va l u e  to  wh i ch it asymptotes . The nume ri ca l  form 

o f  the equat i on ,  w i t h  the t i me  i ncrement ( t ) as 1 day , was as fol l ows : 

WGR = 0 . 9 6  * WGR { t -1 ) -+ ( EFF * ME I ( t ) ) /24 { 6 . 34 )  

w he re WGR i s  woo l growth rate i n  MJ wool , EFF i s  eff i c i ency of  woo l  

g rowth  {MJ /MJ ME I ) ,  a n d  ME I i s  metabo l i s a b l e  energy i nt a k e .  

E ne rgy content o f  woo l  w a s  taken as 24 KJ/ g  {G raham � !l. ,  1 976 ) 

a nd c l ean d ry woo l was ass umed to be 70% of greasy wei ght { Sumner ,  

p e rs .  comm. ) .  E n e rgy part i t i oned to  woo l was a s sumed to  b e  syphoned 

o ff f i rs t .  

6 .4 REPRODUCTION 

I n  th i s  sect i on the  p redi ct i on o f  l ambi n g  pattern and t he numbe r 

o f  l ambs born and weaned by ewes and ewe hoggets i s  di s cu s s ed .  The  

data  revi ewed were New Zea l and  data and  re l ate  p ri mari ly t o  the NZ  

R omney . 

I n  matu re Romney ewes the  breed i n g  season begi ns a rou n d  t he  

beg i n n i ng of  February (Qu i n l i van & Ma rt i n ,  1 9 7 1 a ) and e xtends unt i l 

t he end  of Augu s t  (H i ght � !l. ,  1 9 76 ) . Howeve r the major i ty of ewes 

do not commence cyc l i n g u n t i l ear ly Apri l and oest rou s act i v i ty t a i l s  

o ff after mi d-Ju ne . The percentage of  non p re gnant ewes e xpected to  

s how oestrus ove r  each 1 7  day cyc l e  was  p redi cted re l at i ve t o  date  o f  

r am  entry ,  f rom t he  data o f  Qu i n l i van  & Mart i n  { 19 7 1a ) {F i g . 6 . 1 8 ) . 
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Speci f i cat i on of  the  dec l i ne i n  oe st rou s act i v i ty beyond mi d-June was 

con s i de red o f  no pract i ca l  i mp ortance . 

F a i l u re t o  cyc l e  was assumed  to  be the most l i k e ly reason for 

i ncreas ed ba rrennes s  of  ewes wei gh i n g l ess  than 40 k g  (C oop , 1 962 ; 

H i ght & Ju ry ,  1 9 7 3 ) .  The percentage of  non -cyc l i n g ba rren ( NCB ) ewes ,  

o n  any day , was re l ated t o  a verage f l ock l i vewei gh t .  Us i n g  H i ght  & 

J u ry ' s  dat a and  as sumi ng  that f l ock l i vewei gh t was norma l ly 

d i str i buted , w i th a coeff i c i ent  of va r i at i on  of 1 5%, the re l at i on sh i p  

deri ved was : 

NCB = 2 52 . 1 6 - 1 0 . 2 1 * LWT + 0. 104 * LWT**2 ( 6 . 3 5 )  

w hen LWT < 50 k g .  

T h e  ave rage l i vewei  ght for non-cyc l i ng ewes ( LWTNCB , k g )  become s :  

LWTNCB = 0 . 3  + 1 . 39 * LWT - 0 . 0 1 4  * LWT**2 . ( 6 . 36 )  

The breed i n g  sea son i n  the  ewe h ogget i s  mu ch shorter than  for  

the  ewe .  Where hogget s are we l l  grown , i . e .  32  to  34  kg ,  i t  

commences i n  mi d-Apr i l and fi n i shes  i n  mi d -Ju ly (Moore � �. ,  1 9 78 ) .  

H owever ,  both commencement date and  du rat i on of breedi n g  season 

depend on l i vewei ght (H i ght et �. , 1 97 3 ;  Moore � ll· '  1 9 78 ) .  Ve ry 

few hogget s be l ow a bout 27 k g  exh i b i t  oes t ru s .  

R e l at i on s h i p s  between average hogget l i vewei ght and pe rcenta ge of 

h ogget s e xh i b i t i n g  oest ru s ove r  14 day pe ri ods were der i ved f rom H i ght 

� ll· '  ( 1 9 7 3 ) and Moore et �. , ( 1 9 7 8 )  ( F i g .  6 . 1 9 ) .  

C on cept i on rate a l s o i ncreas es  as the b reedi ng  sea son advances 

i n  matu re ewe s  (Ou i n l i van & Ma rt i n ,  1 9 7 1a ) .  The funct i on der i ved 

f rom Ou i n l i van  and M a rt i n  for su cces s i ve 1 7 -day peri ods i s  shown i n  

F i g . 6 . 1 8 .  I n  hogget s , concept i on rate i s  much l ower than  i n  ewes 

( Lewi s ,  1 959 ; A l l i s on � !L· ' 1 9 75 ) .  It does not appea r to  be re l ated 
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to  l i vewei ght  and  i s  s i mi l a r  for succes s i ve oestrus  cycl es (Lewi s ,  

1 959 ) .  C oncept i on rat e  wa s therefore taken  to be 55% (Lew i s ,  1959 ) .  
/ 
I t  i s  we l l  k n own  that  l i vewe i ght at mat i n g  and l i vewei ght 

c hange p re-ma t i n g ,  i n f l uence ovu l at i on rate of ewes (C oop , 1 9 66 ) . 

R att ray et �· ( 1 981 ) p roposed a mode l des c ri bi ng  the p robabi l i ty of  a 

mu l t i p l e  ovu l at i on ,  re l at i ve to  l i vewei ght at mat i n g ,  and cha nge i n  

l i vewe i gh t i n  the  s i x  week s p ri o r  to mat i n g ,  for di fferent b reeds of  

ewe . The equ at i on for  Romney ewes was u sed i n  the mode l to descr i be 

t he p robabi l i ty of a mu l t i p l e  ovu l at i on :  

l n { P / ( 1 -P ) ) = -20 . 7 14 + 0 . 2 256*LW1 + 0 .4 876*LW2 - 0 . 00 5936*LW1 *LW2 

where P i s  t h e  p robabi l i ty of mu l t i p l e  ovu l at i on ,  LW1 i s  

p re-f l u s h i ng  l i vewe i ght  and  LW2 i s  mat i n g l i vewe i ght . 

( 6 . 37 )  

Mu l t i p l e  ovu l at i o n s  were a l l as sumed to  be twi n ovu l at i on s  and  

t he equ at i on was app l i ed da i ly to  each  grou p of  ewes concei v i n g .  

T he  approp ri ate  numbe r o f  ewes we re t h e n  des i gnated a s  e i ther  twi n 

o r  s i n g l e  ovu l ators . 

A l l ewe h oggets  we re assumed to  h a ve s i n g l e  ovul at i ons , s i nce 

few ( l e s s  t han  4% ) , h ave tw i n  l ambs (McC a l l & H i ght , 1 981 ) .  

The  percenta ge o f  ewes l ambi ng  0 ,  1 o r  2 l ambs , as  a resu l t  o f  

o n e  o r  two ovu l at i on s ,  s h own i n  Ta b l e  6 . 4 , was t aken f rom Ke l ly & 

K n i ght  ( 1 9 7 9 ) .  No e ffec t s  of  ea rly p regnancy feedi ng ,  on embryon i c 

mort a l i ty ( e . g .  Edey ,  1 9 76 ) ,  have been recorded under New Zea l a nd 

c ond i t i on s . Embryon i c mort a l i ty i n  ewe hoggets was i nc l uded i n  the 

concept i on rate pa ramete r .  
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TABLE 6 . 4 :  Lamb i n g  performance o f  ewes re l ated t o  ovu l at i on rat e  
f rom Ke l ly & Kn i ght ( 1 9 7 9 )  

Number o f  eggs 
s hed/ewe 

1 

2 

Percent age o f  ewes w i th 
0 1 2 

3 . 6  

2 . 7  

96 . 4  

27 . 7  69 . 6  

l ambs 

Morta l i ty of l ambs nea r b i rt h unde r h i l l  cou nt ry cond i t i ons  

h as been reco rded by H i ght & Ju ry ( 1 969 ) .  Other  th i ngs be i n g eq u a l , 

pe rcentage mort a l i ty wi t h i n tw i n  and s i ng l e-born l ambs was re l ated t o  

l amb b i rth wei gh t .  T h e  forme r d i ed i n  greater numbers from 

s t a rvat i on/exposu re at l ow b i rth wei ghts , and the  l atter  f rom dy stoci a 

p robl ems at h i gh b i rth we i ghts . Re l at i on s h i p s  between average 

b i rthwei ght (BWT , kg ) ,  a nd morta l i ty were deri ved us i n g the  data of 

H i ght & Ju ry ( 1 969 ) by as sumi ng  b i rth we i ght to  be norma l ly 

d i s t r i buted a bou t t he mean w i t h  a coeff i c i ent of  vari at i on of 1 8 . 5% 

(McCa l l ,  1 9 7 7 ) .  Percent age su rvi va l of s i n g l e  and tw i n -born l ambs 

c a l cu l ated i n  th i s  way i s :  

= -40 . 1 1  + 5 5 . 5 9  * BWT 6 . 1 4  * BWT**2 { s i n g l es )  

= -2 . 1 1 5 + 3 3 . 8 3  * BWT 3 . 3  * BWT**2 {tw i ns ) ,  

No  account  was  taken of c l i mat i c  effects o n  l amb mort a l i ty 

ow i n g to  l ack o f  data . 

The  di s t r i bu t i on o f  twi n deaths  between ewes los i n g one ,  or  

both of a set of  twi ns  was taken from New Zea l and  su rvey data 

( Qu i n l i van & M a rt i n ,  1 97 1 b ) .  Th i rty -e i ght poi nt s i x  percent of 

( 6 . 3 8 )  

{ 6 . 3 9 }  

twi n deaths were both l ambs f rom a s et o f  tw i ns .  For each 1 00 twi n 
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deaths  the n umber of  tw i n-bea ri n g ewes  reari n g  0 or 1 l amb , was 

t herefore ca l cu l ated as  1 9 . 3  and  6 1 . 4 , res pect i vely • 

I 
Death  rate of ewes was assumed 0 . 6% o f  ewes mated , between 

t he end of J u ne a n d  t he begi n n i n g  of  l ambi n g ,  and 4% of ewes mated , 

o ve r  l ambi n g. These a re New Zea l and  a ve ra ge f i gu res f rom Qu i n l i va n  

a nd M a rt i n ' s  { 1 9 7 1b )  su rvey . 

6 . 5  STRUCTURE OF THE COMPLETE GRAZ I NG MODEL 

H a vi n g  e stab l i s hed re l at i on sh i ps that descri be an  i n di v i du a l  

a n i ma l , t h e  next p rob l em was t o  descr i be t h e  me a n  behav i ou r  of  a mob ,  

s i n ce i nd i v i du a l s  w i th i n a mob va ry i n  l i vewei ght and  may be dry ,  

p re gnant  or  l a ctat i n g at  one poi nt  i n  t i me . 

I t  was  dec i ded to  descri be mean cha racteri st i cs of  a mob by 

fo l l owi n g  t he  fort u nes of  an a vera ge i n di v i du a l  wi thi n the mob .  For  

l ambi n g ewes ,  o r  ewe hogget s ,  i t  was  nece s s a ry t o  des cri be th ree 

a ve ra ge ( ma rk e r ) a n i ma l s represent i n g ewes  ca rry i n g 0, 1 or 2 foetu ses 

a nd  rea r i n g  0 , 1 or 2 l ambs . Ma rk e r  ewes , l ambi n g  on the med i a n 

l ambi n g  day , were chosen at the end of  mat i n g  and  we re fol l owed u nt i l  

wea n i n g. Mean  ewe a n d  l amb l i vewe i gh t  and  f l eece wei ght we re 

dete rmi ned  f rom t he  performa nce o f  the ma rkers and the number of 

a n i ma l s  t hey rep resented . 

L i vewei ght s  for  t he t h ree ma rke r  ewes were determi ned after  

mat i n g by a s sumi n g  the l i vewe i ght of  dry ewes to be the we i ghted 

a ve ra ge o f  the l i vewei ght o f  non-cy c l i n g barren ewes (Equat i on 6 . 36 ) 

a nd a ve ra ge f l ock l i vewe i ght ( i . e .  for ewes su fferi n g  embryon i c l os s ) .  

L i vewe i ght o f  tw i n-bear i n g  ewes was a s sumed t o  be 3 . 5  k g  hea vi e r  than  

s i n g l e bea ri n g  ewes (H i ght � Ju ry ,  1 97 3 ) .  A ve rage l i vewe i ght o f  
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twi n and s i ng l e-bea ri n g  ewes wa s ca l cu l ated f rom fl ock average 

l i vewe i gh t ,  corrected for removal  of drys . For  h ogget s ,  a ve rage 

l i vewe i ght  of those bea ri n g  l ambs was taken to be 3 kg h i ghe r than d ry 

h ogget s {A l l i son � tl· •  1 97 5 ) .  

P att ern o f  l ambi n g ,  and medi an l ambi n g  day , we re determi ned by 

k eep i n g  t rack of the number of ewes concei vi n g  s i ngl es and tw i n s on 

each day of  mat i n g. S i nce the a vera ge pastu re i ntake for a mob du r i n g  

l actat i on w i l l  depend on l ambi n g  pattern a nd  may not he  rep resent ed 

by i ntak es  of the ma rk ers , numbers of ewes l ambi n g  on each day , 

u pdated by l amb mort a l i ty ,  were ma i nt a i ned u nt i l wean i n g  to de ri ve 

a vera ge vol u ntary i nt ak e  for t he f l ock . I ntakes  of ma rk er ewes w i t h i n  

t he f l ock  we re determi ned  i ndependent ly . 

Morta l i ty i n  l a mbs born p r i or  to medi an l ambi n g  day was re l ated  

t o  predi cted bi rth wei gh t from foetal wei ght on  the day i n  qu est i on_, 

rel at i ve t o  potent i a l  foeta l  wei ght , and ext rapo l ated to  bi rth wei ght 

at te rm. Fo l l owi n g  med i an l ambi n g  day , morta l i ty was assumed to be 

rel ated t o  bi rth we i ght of the ma rker  l ambs . 

The  comp l ete model  was st ru ctu red so  as to represent as c l osely 

as pos s i b l e  condi t i on s  on an a ctu a l  farm • Pract i cal g raz i n g deci s i on 

opt i ons were const ra i ned  hy t he i mpos i t i on s  o f  paddock subdi vi s i on and  

mob segregat i on .  P rovi s i ons were  made for t h ree mobs of sheep , two of  

w h i ch cou l d  hea r l ambs , and up  to  40  equ a l ly  s i zed  paddock s .  

E a ch set of dec i s i ons  was ca rri ed out for a user def i ned  peri od . 

G raz i n g dec i s i ons  req u i red to  be speci f i ed for  each mob i nc l u ded ,  

whether t h e  mob was  t o  b e  set -stocked o r  rotat i ona l ly grazed , t h e  

n umbe r o f  paddock s t o  b e  grazed over t h e  per i od between sh i fts , and 

t he number  o f  day s between s h i ft s .  Choi ce of pa ddock at  each sh i ft 

was deci ded by the  mode l , be i n g the paddock w i t h  the h i ghest pastu re 
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cover  when  rotat i on a l  graz i n g , or  eve ry a l ternate h i ghest paddock , 

w he n  s et s t ock i n g. T he  l atter  p rocedu re ensured that other  mobs , i f  

p resent , we re not l eft w i th on ly paddock s wh i ch had a l ow cove r .  I n  

a dd i t i on a s p ec i f i ed n umbe r of paddock s were ab l e  to be ret i red from 

g raz i n g at a speci f i ed  a ve ra ge cove r or dat e ,  and  were retu rned to  

g ra z i n g on  a s i mi l a r  bas i s .  Pa ddock s ret i red  were those  wi th  the  

h i ghe st  cove r .  

N o  two mobs were permi tted t o  graze a ny paddock s i nu l taneou s l y .  

A mo b  w a s  however  permi tted  t o  fo l l ow  another mob i n  a l eader/fol l ower 

system,  t h e  s h i ft i n g  deci s i on s  for t h e  l eadi n g  mob be i n g based on 

t ho se  for t h e  fol l owi n g  mob. 

Ot he r deci s i on s  were del i berate ly l eft gene ra l . For i nsta nce 

t he  deci s on re ga rdi n g  se l l i n g o f  s u rp l u s  l ambs (t i mi n g a nd  numbers ) 
was  l e ft t o  be e xp l i c i t ly  stated by the u ser .  The i mportant poi nt was 

t hat i n c l u s i on of  othe r  dec i s i on ru l e s ,  when and i f  req u i red ,  cou l d  be 

a ccommodated .  

6 .6  SUMMARY  

I n  t h i s  C hapter  the s t ru ctu re and  a s sumpt i ons  of  the i ntake and  

s heep components  of the mode l were descr i bed .  The  poi nt was  made t hat 

t h e  re l at i on s h i p s des c ri b i n g  energy u t i l i sat i on i n  the s heep have been 

r e l at i ve ly we l l resea rched . Howeve r  t he same cou l d  not be s a i d for 

t he me cha n i sms govern i n g pastu re q u a l i ty and  i ntak e .  

A rev i ew o f  the  re l e van t  l i t e rat u re ,  a nd  a descri pt i on o f  the 

a ss umpt i on s made i n  the mode l ,  made u p  the bu l k  of the Chapter. The 

revi ew was  conducted f i rst for i nt a ke  a nd  then for each o f  the 

p hys i o l og i c a l  states o f  the s heep . I n  the conc l ud i n g  sect i on a br i ef  

descr i pt i on wa s g i ven  o f  the st ructu re of  t he comp l ete mode l . 
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T h e  extent t o  wh i ch the overa l l mode l ref l ects any di sci p l i nary 

i mba l a nce ( i n te rms of l e ve l of  deta i l  i n  cons truct i on , or emp ha s i s )  

w as due to the state of k nowl edge represented i n  the l i te ratu re , 

rat he r  t h an a consc i ou s  bi a s  on the part of  the mode l l e r. C on c l u s i ons 

a bou t t h i s  s t at e  of k now l edge a re gi ven i n  Chapter 9. 

The val i d i ty of the assump t i ons  ma de i n  bot h Chapters 5 and 6 i s  

t he t op i c for C hapter 7 .  
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Chapter 7 

MODEL DEVELOPMENT AND EVALUAT ION 

7 . 1  I NTRODUCT ION 

I n  Chapters 5 and 6 the re l a t i on s h i ps  i n i t i a l ly assumed  i n  t he  

mode l were de scr i bed .  Mode l deve l opme nt up  u nt i l  t he  stage reported 

i n  the p resent chapter  i n vo l ved ma i n ly check s that model l og i c was as 

i ntended.  

I n  th i s  chapter the  p rocess es of :  ( 1 )  component eva l u at i on ,  

( 2 )  deve l opment  o f  mode l s t ru ct u re ,  a nd { 3 )  asses sment of model 

va l i d i ty ,  a re descr i bed. Some di f f i cu l t i es con fronted i n  va l i da t i n g  a 

mode l we re d i scus sed i n  Sect i on 3 . 4 .  The approach to the va l i dat i on 

t as k  i n  th i s  s tudy fol l owed t he sequence :  { 1 )  Ca l i b rat i on of  

p a ramete rs i n  the major components of the  model , to obta i n the ' most 

v a l i d '  mode l . ( 2 ) Stat i st i cal  test i n g  of  ea ch component to check 

s t ru ct u ra l l acceptab i l i ty of  the mode l .  { 3 )  E f fect i n g  s tructu ra l  

c h a n ge s , where requ i red . { 4 )  Reca l i b rat i on and test i ng ,  and f i na l ly 

{ 5 )  va l i dat i on aga i n st new dat a .  

7 . 2  MODEL REF I NEMENT AND VAL IDAT ION PROCEDURES 

Da t a  were set as i de before mode l con s t ru ct i on for u se i n  

c a l i bra t i n g  pa ramete rs i n  t he vari ou s components  of the mode l . A 

majo r  rea son for ca l i brat i ng the  model  o ri gi n a ted from t he observat i on 

t ha t  a ra nge of va l ue s  cou l d  be de ri ved f rom t he l i teratu re for ma ny 

o f  t h e  p a rameters .  F o r  e xamp l e ,  report s  o f  the  parti a l  e f fi ci ency o f  

e nergy u se by the  ewe for  l a ctat i on ra n ged f rom 0 . 59 to  0 . 7 5  { see  

Sect i on 6 . 3 .�. Ry ca l i brat i n g  the  mode l , choi ce of pa rameter va l ue 

wa s  rat i on a l i s ed on  the  ba s i s of  the best a greement between s i mu l ated 

1Mode l s t ructu re i n  t h i s  context refers to  fun ct i ona l  forms u sed i n  the ­
mode l . 
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respon ses  a n d  obse rved resu l t s  f rom a major , and • s eparab l e • , 

comp onent  o f  the sy stem. A second rea son for ca l i brat i n g  was that i t  

a ppea red t o  a l l ow the structu ra l va l i d i ty o f  the mode l t o  be tested 

s i nce no other comb i nati on of  pa rameter va l ues cou l d  i mp rove the 

mode l 1 s  p red i ct i veness . I f  the ca l i brated mode l fa i l ed stat i st i ca l  

t ests  then  by i mp l i cat i on e i ther an i mportant va ri ab le  mu st h ave been 

omi tted o r  one or more fu nct i on a l  re l at i on s h i p s  must have been 

- i ncorrect . 

De s p i t e  the  ex i stence of  pub l i s hed reports on w.h o l e sheep graz i n g 

sy stem s tu d i es (e . g .  Suck l i n g ,  1 9 7 5 ; Joyce et �. , 1 9 7 6 ;  B i rcham et 

�· , 1 9 7 7 ;  R att ray � �· , 1 978 ) ,  there were two rea sons for 

ca l i b rat i n g i ndi v i du a l  components of  the model . F i rst , i n s u ff i c i ent 

reported dat a  on i nputs and outputs from the above stud i es made th em 

u nsat i s factory for ca l i brat i on ,  and  second even i f  these l i mi t at i on s  

h ad not ex i sted t here were too many pa rameters to be ca l i brated i n  one 

a ttempt . 

T h e  end poi nt for ca l i brat i on was  dete rmi ned by mi n i mi s i n g the 

va l u e  of  the  funct i on :  
- - 2 -

C = l: ( Y . - X . . ) ,  where Y .  was the actu a l  1 1 J 1 
observat i on correspondi ng to the s i rru l ated observaton X . . • A 1 J  
const ra i ned  non-l i near  mi n i mi sat i on rou t i ne w i t h  search cri teri a 

( s ubrou t i ne E04JAF i n  the PR IME n a g  l i bra ry ) ,  was used to  mi n i mi s e 

t h i s fun ct i on .  Const ra i nts were i mposed on pa rameter va l u es  to  ens u re 

t hat the  rou t i ne d i d not attempt to  f i t  pa rameter va l ues wh i ch were 

i nfeas i b l e  i n  the b i ol ogi ca l  sense.  

Acceptance o f  the ca l i brated mode l component s was ba s ed on  

s tat i st i ca l  tests a gai nst  the  ca l i brat i on data .2 

W he re a n  a l t e rati on to  the  s t ru ctu re ( i . e .  fu nct i ona l forms ) of  a 

2see t h e  fo l l owi n g  sect i on for d i scu ss i on on the stat i st i ca l  t es t s .  
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component was req u i red ,  the a l t e re d  compon e nt was reca l i brated t o  the 

o ri g i n a l  ca l i brat i on data . F o l l ow i n g  acceptance of  the ca l i brated 

c ompo� , a l i mi ted  numbe r of  subject i ve a s ses sments of va l i d i ty were 

made a ga i nst  new dat a .  No forma l Tu ri n g  type  test  (Gre i g , 1 9 79 ) was  

c onduct e d  s i nce ,  a l thou gh it  i s  ack now l edge d  that the greatest i mpact 

o f  a mode l  w i l l  on ly be rea l i sed  fo l l ow i n g  acceptance by e xperts i n  

e a ch of the  d i s ci p l i nes  i n vol ved (e . g .  M i l l e r ,  1 983 ) ,  at t h i s  s t a ge 

t h i s  mode l  was  l a rge ly  a pers on a l  t oo l  a nd  i t  was fe l t  t o  he 

s u ff i c i ent  t o  deve l op t h e  mode l l e r • s  con f i dence i n  i t . Less forma l 

e xposu re o f  mode l pe rforma nce ( e . g .  at Ma s sey U n i vers i ty and  MAF 

s emi n a rs , a n d  on a one-t o-one bas i s  wi t h  i nt e rested consu l t a nts  and 

membe rs o f  the Ma s sey Dep a rtment of  A g r i cu l tu ra l  E conomi cs and Farm 

Mana geme n t ) d i d however  form p a rt of the s u bject i ve va l i dat i on 

p rocess . 

7 . 3  STAT I ST ICAL TESTS 

T he t as k  of e�p i r i c a l ly compa ri n g  mode l to  rea l sy stem 

p e rforma nce i s  made d i ff i cu l t by the fact that  there are no genera l ly 

a ccepted sta t i s t i ca l  tests  for test i n g  the goodnes s -of-fi t of mode l s 

( V a n  Horn , 1 97 1 ) .  I t  was  con s i dered that  t h i s  s i tu at i on warranted a 

revi ew of  some o f  the i s sues  faced i n  t h i s s tu dy be fore p roceed i n g  to  

a des c r i pt i on o f  the t e st i n g u n dertaken  as  p a rt of  mode l ca l i brat i on 

a nd va l i dat i on . 3 A genera l examp l e  i s  u sed  t o  i l l u strate the 

d i s cu s s i on .  

T he  t rue  ( rea l  sy s tem)  mode l i n  a s i n g l e  ou tput va ri a b l e  Y i was 

c on s i de red , wri tten  i n  t he  form: 

Y .  = R {Z  . ) + u . 1 1 1 

3Note that non-stat i st i ca l  means  of test i n g goodness-of- f i t  a re 
rev i ewed i n  Sect i on 3 . 4 .  
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whe re R ( Z i ) i s  t he mean o f  Y i , cond i t i oned o n  t h e  l e ve l s o f  a vector 

of va ri a b l e s  Z i ' and R i s  the unk nown sy stem of  mathemat i ca l  

f u n ct i ons  and  pa rameter va l ues descri b i ng  t h e  re l a t i ons h i p  between the  

Z i va r i a b l es i n  t he  rea l  sy stem. For  a nu mbe r of reasons wh i ch may 

i nc l u de ;  i nab i l i ty to speci fy the fu l l s et of Z i vari ab les  o r  t o  

a ccu rate ly obse rve the i r va l ues , rea l b i o l o g i ca l  sy stems output  f o r  

a ny set o f  va l ues  f o r  t h e  ( s peci f i ed )  Z i var i a b l es , wi l l  be stochas t i c  

( i . e . output  i s  a random vari ab le ) .  Hence a ra ndom component , u i , 

w i l l  be assoc i a ted  wi th  observed va l ues  of  Y . • 1 

a s :  

A s i mu l at i on mode 1 4 es t i mat i ng  t he t ru e  model can be exp ressed  

X .  • = M . (Z  . ) + v . .  1 J  J 1 1 J  
T he object i ve i n  mode l l i n g i s  to bu i l d a s i mu l at i on model such that  

the  mode l ou tput X . . and rea l  sy stem output  a re i ndi st i n gu i s hab l e • . 1 J 
P a rt of the s c i ence of mode l l i n g i n vol ves the cho i ce between 

a l tern at i ve mode l s , hence the su bscri pt j has  been used i n  the  cont ext 

o f  the s i mu l at i on mode l . 

F o r  the j t h  mode l t o  be va l i d  i n  re l a t i on to  the above , i dea l ly 

t h e  fol l owi n g  cond i t i on s  wou l d  hol d.  

( i ) The  sys tem o f  re l at i onsh i p s i n  R and M .  wou l d  be i dent i ca l  J 
w i t h i dent i ca l  parameter  set t i n gs ;  

( i i )  t he d i s t ri but i ona l  p ropert i es of u i and vi j  wou l d  be 

i dent i ea l ; 

where the  fol l owi n g  was t rue 

( i i i ) t he  s et of Z i va ri abl es  i n  t he  rea l and  mode l l ed sy stem 

were i dent i ca l ; 

4A s i mu l at i on  mode l i s  u sed for the pu rposes  of th i s  d i s cu s s i on 
a l t hough the ' co ns t ructed ' mode l of a system cou l d  take a va r i ety of  
fo rms . 
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( i v )  t he  va l u es f o r  t h e  va ri a b l es i n  Z i were i dent i ca l  between 

t he rea l  and mode l l ed sy stem. 

Obvi ou s ly t he  a bove s peci fi es a s tochast i c  s i mu l at i on mode l .  W i t h  a 

dete � n i st i c  s i mu l at i on mode l the object i ve i s  to es t imate R ( Z i ) .  

I n  p ract i ce we w i l l  on ly be a b l e  to  observe a samp l e  of ( n> l )  

V i va l ues  correspond i n g  to  each set of l eve l s  of the va ri ab l es i n  Z i , 
-

a nd we a re forced to  assume that t he  samp l e  mean Y i i s  the best 

a va i l able est i mate  for R { Z 1 ) .  The corre spond i n g  est i mate. from the jth  

determi n i s t i c s i mu l at i on mode l  i s : 

X .  . = M .  ( Z  i ) 1 J  J 

A number of  stat i st i ca l goodness-o f-f i t  t ests that mi gh t be 

u sefu l i n  compa ri n g  Mj (Z i ) w i t h  R ( Z 1 ) ( i . e .  i n  exami ni n g  cond i t i on 

( i ) )  a re n ow d i s cu ssed.  S i nce the mode l i s  determi n i sti c cond i t i on 

( i i )  cannot be exami ned , and cond i t i ons  ( i i i ) and ( i v )  a re as sumed to  

h o l d .  

7 . 3 . 1  Si mp l e  t tests 

Student ' s  t test  h as been su ggested by a number of peop l e  

( e . g .  M i h ram, 1 9 7 2 ; Sh annon , 1 975 ) . 

F or a s i ng l e  sett i n g of  t he Z 1. var i a b l e s ,  X . . i s  obta i ned from l J  

t he jth  s i mu l at i on model a s  an  est i mate  of  R (Z i  ) .  F rom the  rea l wor l d  

a samp l e  n (> 2 )  of observed va l ues a re obt a i ned :  

( Y i 1 •  y i 2 • • • • • y i n ) ,  

w i t h  a s amp l e  mean Yi . 

T he  samp l e  ( rea l ) data and the  Student ' s  t test can be used to  

obt a i n the  s i gn i f i cance l eve l {SL ) a s soci ated w i th the  hypothes i s : 

R ( Z . ) = X  . . • 1 1 J 
-

S L  = P r [ l t l > l t* l ; where X i j  = R { Z i ) ] ,  and  



t *  = 
y .  - X • .  1 1 J 

s eY .  1 
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I n  th i s  tes t the S L  p ro v i des the  me a su re o f  goodness -of-f i t .  The  
l a r ge r  the  va l u e  of SL the  bett er  the  goodness-of-f i t .  Th i s  p rocedu re 
c a n  be  repeated for di f ferent l e ve l s  of the  va r i ab le  vecto r  Z . •  1 

A mo re sens i t i ve goodness -of-f i t  test  w i l l  re su l t  from pool i n g 
e rror va r i ance es t i ma t es obta i ne d  from t h e  rea l mode l output  at the  
d i ffe re n t  sett i n gs o f  Z i . T h i s  can be  done whe re the u i a re 
i ndepen dent and Norma l ly di s t r i buted w i th va ri a n ce o2 • The poo l e d  
e rror mean  squ a re {EMS ) i s  eas i ly obtai ned f rom a n  ana ly s i s of 
vari a nce w i th each l e ve l  of Z i  be i n g a • t reatment • .  The va l u e  for 
s eYi then becomes5 

ltz ( E�S) • 

Where we h a ve a samp l e  of n obse rved va l u es  at ea ch of  q va l � e  
s ett i n gs for Z i we ca n obta i n a pool ed  goodn e s s -o f-fi t meas u re for the  
mode l {M . )  u s i ng  the  F d i str i but i on .  C on s i de r t he me a n  squ a re :  J - - 2 nl: ( Y . - X . . ) /q 

q 1 1 J 

U n der the  hy pothes i s :  R ( Z i ) 
e xpect a t i on o2 /n . 

- - 2 
= X 1. J. ,  each of the t e rms { Y . - X . .  ) has  1 1 J 

T h u s  the  mean  squ a re ,  above , has  expected va lue  o2 wi t h  q de grees 
of freedom. 

F *  = 

The stat i st i c :  
- - 2 nl: ( Y . - X . . ) /q 1 1 J 

E MS 
s h ou l d fo l l ow the F d i s t ri bu t i on w i th q and  q ( n - 1 ) de grees of f reedom, 
a nd 

S L  = P r [F > F * ;  when X i j = R {Z ; ) fo r a l l i ]  

5con f i dence i nterva l s  ( e . g .  95% C . I . )  c a n  a l so be obt a i ned for  R ( Z i ) :  V i ± ta se  {Yi ) .  I f Xi j fa l l s  w i t h i n t h i s C l  we wou l d  n ot rej ect the  hypothe s i s R { Z ; ) = Xi j ,  at the  a% s i gn i f i cance l e ve l . 
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p rov i de s t h e  measu re of goodnes s -o f -f i t .  T h i s goodness-of-f i t  measu re 

w i l l  be denoted ,  the  "poo l e d  F test " .  

7 . 3 . 2 Regres s i on Mode l s 

M a ny peop 1 e have s u gge sted a n d  u s e d ,  regress i on of Y 1. on X . .  to 1 J 

meas u re goodnes s -of- f i t  i n  det e rmi n i s t i c mode l s  ( e . g .  see Anderson , 

1 974 ; F i ck 1 980 ) , fol l ow i n g  A i gne r ( 1 9 72 ) . However Cohen & Cyert 

( 1 9 61 ) ,  f rom whence Ai gne r ( 1 972 ) der i ved the p remi se fo r h i s  p roofs , 

s u g ge s ted t he re verse reg re s s i on va l i da t i on test  ( i . e .  re g res s i on of 
-

X • •  on Y 1. ) .  1 J  

I n  s upport of  A i gner ' s  i nte rp ret at i on ,  X . .  can be seen as  an  1 J  
e st i mate  o f  R ( Z i ) t h at i s  u nder  t h e  con t rol  o f  the mode l l er who i s  

s pec i fy i n g t h e  re l at i on s h i p s  i n  Mj ' and  second ly  Y i has cha racte ri st i cs 

o f  a ra ndom va r i a b l e  wh i ch a re u s u a l ly as soc i ated wi th the dependent 
-

var i a b l e i n  regress i on .  U nde r  t h e  hypot hes i s  R ( Z i ) = X i j ' then Y i 

w i l l  be randoml y di s t ri buted a bou t X . .  accordi n g  to the mode 1 :  1 J 
- -

Y . = X  . .  + u  . • 1 1 J 1 
-

Unde r  a n  a l t ernat i ve hypot hes i s ,  s ay R ( Z 1. )  = a +  bX . .  , then Y .  w i l l  1 J  1 

b e  ra ndomly rl i  s t ri bu ted a bout  a + bX . .  accordi n g  to the mode 1 :  1 J 
Y • = a + bX . . + u . .  1 1 J 1 

T he  F test  can  be used to  t es t  s i gn i f i cance for  the nu l l  hypothes i s :  

a = 0 ,  b = 1 ve rsus  the a l t e rnat i ve hypothes i s  a 1 0 and/or b t- 1 .  

- - 2 The  s um  o f  squares  � ( Y i - X i j ) i s  p a rt i t i oned i nto two 

components  ( s ee F i g .  7 . 1 ) :  
- - 2 " 

t ( Y . - X . .  ) = \ ( Y .  /.. 1 1 J /.. 1 q q 
" 

w i t h 2 and  ( q - 2 )  degrees o f  f reedom, and  where Y 1• = a + oX . .  i s 1 J 

o bt a i nec1 by l ea s t  sq u a res  reg res s i on o f  Y .  on x . . . 1 1 J 



Under  the  a s sumpt i on t h at R ( Z i ) 
- 2 - X . .  ) /2 1 J 
" 2 - y . ) /q - 2  1 

F ( 2 ,  q - 2 ) 

= x . . , t hen 1 J  

1 1 9  

Where t h e re i s  n o  i ndepen dent est i ma t e  of o 2  ( t h e  v a r i a n ce o f  the  
rea l o b s e r vat i ons ) ,  the  a bo ve regres s i on p rovi des a s t at i s t i ca l  
goodnes s -o f -f i t  test  for the  hyp ot h es i s  R ( Z . )  = X  . .  agai n s t  the  1 1 J --------
a l t e rna t i ve hypothes i s :  R { Z i ) = a + bX i j " Th i s  s i tu at i on s hou l d  be 
cont ras t ed w i t h the  p revi ou s ly des c r i bed t tests  and  p oo l ed F t e s t  
w here t h e  a l tern at i ve hy pothes i s  w a s  R ( Z i ) t- Xi j " 

A p ro b l em i n  t h i s s i tu at i o n i s  that we cou l d  f a i l to rej ect the  
hypot hes i s  R { Z i ) = Xi j ( i . e .  fa i l  to  i n va l i date the model ) pu re l y  
becau s e  t h e  s e l ected a l ternat i ve R { Z i ) = a + bXi j was i n va l i d  

1'\ -( i . e .  v a r i a t i o n of Y1. abou t Y( = a  + oX . .  was  o f  the s ame o rde r a s  1 J  
1'\ v a r i at i on o f  Y i a bout X i j ) .  C l ear l y  th i s  i s  qu i te u n s at i s fact o ry and  

where t h e re a re no  est i mates of va r i ance ( Y i ) ,  then  a ny 
goodnes s -o f - f i t mea s u re for Mj mu st  be p u re ly s u bject i ve ,  ( u n l es s  
p erh ap s  when  Y i = Xi j fo r a l l i ,  but then one  wou l d  be s u s p i c i ou s  that 
Y .  was  not  a ra ndom va ri a b l e ) .  1 

H oweve r ,  gi ven a n  i n dependent e st i ma t e  of o2 {EMS ) and p re v i ou s  
reje ct i on o f  M .  by the poo l ed F t e s t  cri t e r i on , i t  i s  poss i b l e  t o  J 
perform a l a ck -o f - f i t  test on the  mode l : R ( Z i ) = a +  bX i j : s i nce u n de r  
t h i s hypothes i s  

' (v . - v . )2 /q - 2  L 1 1 
EMS / n  

F {q - 2 ,  d . f .  fo r EMS ) 

T h i s  tes t cou l d  be u sed i f  i t  was des i red  t o  exami ne a l t e rna t i ve 
re l at i ons h i p s between R ( Z . ) a n d  x . . wh i ch may p rovi de c l ues to what 1 1 J 
was w ron g w i t h  Mj . 
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7 . 3 . 3  Model Revi s i on 

A s su me M .  has  not been va l i dated and t h at the mode l  J 

120 

R ( Z i ) = a + bX i j  h a s  been ju dged a cceptab l e  by some l ack -of-f i t  tes t .  

The  l ea s t  squares e st i mate o f  th i s  model i s :  

1 .  = a + ox . . • 1 1 J  

There i s  a de s i re for di agnost i c  pu rposes  to test the hy pot heses : 

( a * 0 ,  b = 1 )  and ( a  = 0 ,  h * 1 )  a ga i nst the  a l ternat i ve hypothes i s  

( a * 0 ,  b * 1 ) .  I n  other  w-ards , i s  t he s i mu l at i on mode l output X
i j  i n  

e r ror by a • c onstant • arrount ( i . e .  a *  0 )  or a p roport i ona l  amou nt 

( i . e .  b * 1 ) ?  DecoJTJ,Jos i t i on of the sum of squares 

I (v .  - X  . . )2 ( i . e .  va ri at i on of Y. a bout X . . - see F i g. 7 . 1 ) i nt o: 
q 1 1 J  1 1 J  

1\ - 2 - - 2  2 2 � { V i - x i j ) = q { Y - Xj ) + ( o  - 1 )  I x i j  

(where Y i s  the mea n  o f  the Y .  1 va l ues , XJ
. i s  the mean of the X . .  1 J 

- -

va l u es , x . .  = X  . . - X . ,  1 J  1 J J 
1\ 

and Y .  1 
= a + ox

i j ) ena b l es the hypothes i s  

R {Z ) = X . t o  be tested 
J 

a gai nst the a l ternat i ve: R (Z )  * Xj , 

where R { Z )  i s  the mean rea l  model  res pon se ove r  the q set of l e ve l s  

f or the  va r i a b l e  vect or Z i . 
-

U nde r  the  assumpt i on that R { Z )  
- - - 2 = X . ,  the  term q ( Y - X . )  h a s  J J 

e xpected va l u e :  Va r i ance (v . )  = a2 /n .  Under  the assumpt i on 1 

R ( Z  . ) = a + bX . .  1 1 J 

\ (Y . - V. )2 /q -2  L 1 1 

� F { 1 ,  q - 2 )  

T he test o f  t h e  hypothes i s :  b = 1 i s  based on the sum o f  squa res : 

( n  - 1 )2 ' x . . 2 • L 1 J 
1\ 

A g raph i c a l  p re sentat i on o f  t he a bove p a rt i t i on o f  { Y 1• - X . .  ) i s  1 J 

g i ven i n  F i g . 7 . 2 ,  a n d  a mathemat i ca l  p roof i s  g i ven i n  Append i x B .  
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7 . 3 .4 Ana lyses  i n  t h e  p resent study 

I n  t h i s s t udy stat i s t i c a l  tests we re conf i ned so l e ly to 

goodnes s -of-f i t  of  the  ca l i brated mode l t o  the  data to wh i ch i t  was 

c a l i brated . 6 Va l i dat i on goodness-of-f i t  tests were ma de pu re ly 

s u bject i ve ly  ( s ee Sect i on 3 . 4 . 3 )  becau se w i t h  most set s of va l i dat i on 

data  ava i l ab l e ,  too many va ri ab l es i n  the  vector  Z i req u i red 

a s s umpt i ons regard i n g  the i r sett i ngs . T h i s  i s  a prob l em, d i scu ssed i n  

C hapter  9 , where rea l  da t a  can not be co l l e cted speci fi ca l ly for mode l 

va l i dat i on .  

C a l i brat i n g t h e  s i mu l at i on mode l p roduced R { Z i ) � X i j  

( i . e .  a �  0 ,  D � 1 for t h e  mode l Y l. = a + ox . .  ) .  The quest i on wh i ch l J  
rema i ned  was wheth e r  the  va ri at i on I (Y 1. - X  . . )2 was ' a cceptab l e ' . l J  
T h i s  was tested by the  p oo l e d  F test , where a n  i ndependent est i mate  o f  

o2 was  ava i l a b l e .  Where an  i ndependent est i mate of o2 was not 

a va i l a b l e ,  as occu rred i n  a number of cases , the acceptabi l i ty of the 
- - 2 var i at i on L ( Y i - X i j ) h ad  t o  be as ses sed pure ly subject i ve l y . 

7 . 4 CAL IBRAT ION OF THE PASTURE -SO IL  COMPONENTS 

Two data sets  for pasture ca l i brat i on were generou s ly ma de 

a va i l a b l e by Dr C .J .  Ko rt e ,  ( t he fu l l  data set reported on by Korte 

� �. ,  1 982 ) ,  and Mr M .G .  Lambert ( data  f rom B a l l ant rae HCRS 

p u b l i shed i n  Lambe rt � �· ,  1 983 ) . 

Korte ' s  dat a ,  wh i ch we re u sed to  ca l i brate parameters con t ro l l i n g 

f l ow rates i n to  a n d  ou t of the green and  dead pasture poo l s ,  

o ri g i nated f rom a f l at ,  qu i te h i gh ly fert i l e  s i t e ,  and were p rodu ced 

u nder a ser i es o f  graz i n g t reatment s .  H i s t ri a l was conducted for two 

consecut i ve yea rs commenc i ng  ea rly September  each yea r  and termi nat i n g 

i n  Ju l y . T reatments  we re grazed at p re-determi ned pas t u re h e i ghts  by 

e i t her  l a x o r  h a rd graz i n g ,  {Ko rte � �. ,  1 982 ) .  Leve l s  of  g reen a n d  

6Reasons  for t h i s were d i s cu s sed i n  Sect i on 7 . 2 .  
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dea d  OM w e re meas u re d  p re- a n d  post-g raz i n g ,  a n d  a t  re gu l a r  i nt e r va l s 
between g ra z i n g s . 

A ccu mu l a t i ons  o f  g reen a n d  dead OM were u sed sepa rate ly t o  
c a l i b ra t e  grow t h  a n d  sene s cence , a n d  s enes cence a n d  decay rate s , 
respect i ve ly . By u s i n g  measu red s tates o f  the green pool  du ri n g  dead 

-......_,__ 
p oo l  cal i b rat i on ,  p re vi ou s  i naccu rac i es i n  p redi cti ng green OM 
a ccumu l at i on wou l d  n ot a f fect rlead p oo l  ca l i brat i on resu l t s .  

Weather  data  t o  run the  mod� came f rom the Pa l me rston Nort h  DS I R  

c l i mate  s t at i on ,  approxi mately  8 mi l e s  f rom the e xpe ri men tal  s i te .  

7 .4 . 1  Green pool ca l i brati on 

7 . 4 . 1 . 1  M ethods  
E i ght maj o r  p a ramete rs we re s e l e ct ed for  i n i t i a l  ca l i brat i on o f  

green DM a c cu mu l a t i on .  A des cri pt i on o f  t h e  pa ramet ers and  the i r 
i n i t i a l va l ue s  a re g i ven i n  Tabl e 7 . 1 .  The  numbe r of pa rameters f i tted , 
a n d  t hei r i n i t i a l va l u e  i n  rel a t i on ·to  thei r cal i brated va l ues , 
g reat l y  a ffect e d  the  t i me  taken  t o  reach a s o l u t i on .  F u rt h e r ,  i t  was  
n ece s s a ry t o  s ca l e  s ome pa rameters t o  mak e  them cont i nu ou s  i n  
i n c rement s o f  0 . 0 00 1 ,  ( e . g .  day s )  a n d  where two pa rameters i n  the  same 
f u n ct i on we re be i n g f i tted , e . g . the i nt ercept and the s l ope i n  a 
l i ne a r  fu nct i on ,  i t  w a s  nece s s a ry t o  ca l i bra te one for a ser i es of 
p re-det e rmi ned  va l u es of the  other .  

F i fty-one re g rowtbs �su red o ve r  two years we re sel ected f rom 
Korte ' s  dat a .  The va ri ance o2 was o bt a i ned  for each yea r by ana ly s i s  
o f  va r i a nce , by con s i de r i n g  each re growth ( i . e .  sett i n g of Z . ) - - - 1 -

a s  a ' t rea tment ' (q ) .  There were d i f fe rent numbers of repl i cates ( n ) 
f or each  t reatment  between years . I n  yea r  1 , q = 29 and n = 3 a n d  i n  
y e a r  2 ,  q = 2 2  a nd n = 4. E st i mates  o f  EMS f o r  each year were:  
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TABLE 7 . 1 :  Pa rameter  de scri pt i on and  va l u e  for  the  or i gi na l  green 
ca l i brat i on 

P a rameter  De s c ri pt i on and Ef fect 
N ame of Pa rameter  

P SLOPE Potent i a l growth rate (soi l 
fert i l i ty )  pa ramete r . 
( See Sect i on 5 . 2 . 1 . 1 }  

MR MR * mean a i r temperatu re ( °C )  = 
R e l a t i ve ma i ntenance resp i rat i on 
rate i n  g/g  G reen DM /day 
( See Sect i on 5 . 2 . 1 . 1 )  

VEG  E f f i c i ency of  vegetat i ve growth , 
re l at i ve t o  eff i c i ency of 
reprodu ct i ve growth  = 1 
( See F i g .  5 . 2 )  

L CT Le ngth o f  rep roduct i ve growth 
p hase ( day s ) (See F i g . 5 . 2 )  

V LA I FC C ont rol s cu rvat u re of  exponent i a l 
funct i on re l at i ng g rowth rate to  
LA I du r i n g  veget ati ve growth ,  
0 . 9 5  = steep ; 0 . 1  = f l at 
( See F i g .  5 . 3 )  

R LA I FC As  above , but for rep roduct i ve 
g rowth (See  F i g. 5 . 3 ) 

ALPHA Senescence Rate  ( g/g Green DM/day ) 
( S ee Sect i on 5 . 2 . 2 } 

DRTD F ract i on of  a va i l a b l e  soi l wat e r  
bel ow wh i ch ba s i c  senes cence 
rate i ncrea s es due to d rou ght 
( See Sect i on 5 . 2 . 2) 

* Upper bound 
t Lower bound  

I n i t i a l  C a l i brated 
Va l ue Va l u e  

0.04 0 . 0 57 

0 .0005 0 .001*  

o .  76 0 .6 

1 10 45t 

o .  9 0 .89  

o . s  0 . 95* 

0 . 007 0 . 0064 

0 . 18 0 . 3 *  
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234 . 0  

1 2 1 . 0 1  

d. f .  = 5 8  

d. f .  = 6 6  

1 2�  

S tat i s t i ca l ly ,  t he  var i ance i n  each yea r wa s  not t h e  same 

( SL = 1% ) :  

F = 
--

2 34 .0 4  
127.07 = 1 .84  d . f . = ( 58 ,  66 } .  

Howeve r i t  was  rlec i ded t o  pool  t he  e rrors over the 2 yea rs s i nce i t  

was  con s i de re d  t hat 2 yea rs data was  p robab ly i n suff i c i ent t o  test 

equa l i ty of var i ances between yea rs .  

The  poo l ed  EMS = ESS 1 + ESS2 = 
( n - 1 }q 1 + ( n - 1 ) q 2 

1 3514 . 56 + 8386 . 9  = 1 7 7 . 1  58 +66 

Ow i n g  to  u nequ a l  numbe rs o f  rep l i cate s  ( n ) between ' t reatments ' i t  was 

a l s o neces s a ry to est i mate the mean  s qu a re :  

( i . e .  corrected for the  numbe r o f  rep l i cates i n  Y . ) for tes t i ng  by 1 
-

poo l ed F test . Wei ght ed 1 east  squa res  regre s s i ons of Y 1. on X • •  were l J  
a l s o condu cted .  

1 . 4 . 1 . 2  R e su l t s  

M i n i mi s at i on of cl for  a ve ra ge d a i ly  green accumu l at i on rate 

p rodu ced t h e  s et of s o l u t i on  pa rameter  va l u es shown i n  T a b l e  1 . 1 .  

T ab l e 1 . 2  p resents  re su l t s  o f  the  reg res s i on ana ly s i s fo r t h i s 

' Or i g i na l  Green ' c a l i brat i on .  

Desp i te the  fact that t he model  was  ca l i brated i t  s t i l l  fa i l ed 
- - 2 t he  poo l ed F test  ow i n g t o  the  va r i at i on L ( Y 1• - X . . ) be i ng 1 J 

- u na ccep t a b ly-l a rge (SL  = 1 % ) -;-
- - 2 

F = I n 1• ( Y . - X . . ) /q 1 l J  = 
EMS 

4 5 1 . 6 3  = 177.1 2 . 5 5  (d . f .  = 51 , 124 ) 

1c rep resents  the  sum o f  squa res o f  d i ffe rences between observed and 
s i mu l ated  resu l t s - see Sect i on 7 . 2 .  
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TABLE 7 . 2 :  Re gres s i on ana ly s i s of va r i ou s past u re component s t  

C a l i brat i on a SEa 

O ri g i n a l  G reen - 1 .06  3 . 1 1 

R es t ructu red G reen -0. 5 5  2 . 02 

Dead - 1 . 0 3  1 . 2 9  

R e ve rse Green 3 .04 1 . 9 5  

Re ve rse Dead -0. 9 1  1 . 3 7  

B a l l ant rae Peri od 1 2 . 2 1  1 . 9 7  

B a l l ant rae Per i od 2 4 . 08 2 .40  

B a l l ant rae Pe ri od 3 4 . 68  4 . 35 

tRe g res s i on of Y .  = a + bX . .  1 1 J 

No .  
b SEb 2 re growths r 

( q )  

1 . 03  0 . 06 0 .86  5 1  

1 . 0  0. 04 0 . 93 5 1  

1 . 01 0 .08 o .  7 4  5 1  

0 . 94  0 . 04  0 . 93 5 1  

0 . 98 0 .09  o .  7 1  5 1  

0 . 90 0 .08  0 . 95  1 0  

0 . 92 0 .08 0 .89 1 9  

0 .88 0 . 1 2  0.88 9 

F u nct i on 
Vaj ue_of � 
I ( Y . -X . . ) 1 1 J 

7063 . 7  

3037 . 2  

4183.2  

352 7 . 3  

4650 . 4  

140 . 1 3  

728. 4  

355 . 9  

- - 2 I n .  ( Y . - X  . .  ) 1 1 1 J . 

23033 . 2  

10582 . 3  

1369 5 . 0  

1 1 56 5 . 6  

1 5 100 . 4  

Va ri ance P robabi l i ty of 
v .  greater F gi ven 1 a = 0 ,  b = 1 

1 7 7 . 1  >0 . 2 5  

1 7 7 . 1  >0 .25  

272 . 4  >0 .25  

1 7 7 . 1  >0. 1 ,  <0 . 2 5  

272 . 4  >0 .25  

>0 .25  

>0. 1 ,  <0 . 2 5  

>0 .25  
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I n s pect i on of  the i nd i v i du a l s i mu l ated resu l t s  showed that 

t he mode l tended to over-es t i mate  p rodu ct i on fo l l ow i ng l a x graz i ng and  

u nde r-e s t i mate i t  fo l l ow i n g  ha rd graz i n g. I n  a ddi t i on ,  th i s  t rend was  

most e v i dent for summer and  autumn re growth s . Th i s  su ggested t hat the 

g reen  cover  (LA I ) - g rowth rate , a nd  the pastu re senescence funct i on s  

we re n ot as  s i mp l e  a s  h a d  been as sumed .  I n  a n  attempt to  reduce 

p a stu re �owth  rate at h i gh LAI ' s ,  the resp i rat i on pa rameter was 

p u shed  t o  i ts u pper bou n d ,  mea nwh i l e the senescence pa rameter rema i ned 

rel at i vely l ow ,  but DRTD was  s et to i t s upper bound .  Th i s meant that 

s e ne scence was a bove the  ba s i c  rate for a con s i dera b l e  peri od du r i n g  

s ummer a n d  autumn . 

T h e  p recedi n g  i n format i on  p rov i ded the ba s i s  for d i s cu s s i ons on 

def i c i e nc i e s  i n  mode l s t ructu re w i th  Dr Korte .  Seve ra l  i mportant 

p oi n t s  emerged.  

H a rd g raz i n g a swa rd to  1 000- 1 100 k g  DM/h a green res i du a l  cove r 

fo l l ow i ng emer gence o f  the rep roduct i ve grow i n g  poi nt removes most of 

t he rep roduct i ve t i l l e rs and conve rt s  the swa rd back to a vegetat i ve 

s tate . Swa rds  that rema i n reprodu ct i ve beyond  th i s  poi nt have a 

h i gh e r  senescence rate  owi n g t o  shad i ng  of  ba s a l  l ea ves by stems and  

n ew l ea f ,  and  e ventu a l ly due to  s tem death . 

I n  pe r i od i ca l ly graz ed swa rds , LA I i s  u n l i k e ly  to be as h i gh i n  a 

recent ly  grazed swa rd as  i n  a spe l l ed sward of  the same green cover .  

F u rther ,  a s  tot a l  green cove r i nc reases f o r  a ny g i ven LA I , t h e  amount 

of l i gh t  i nte rcepted by stem i nc reases  ( Korte ,  1 982 ) .  

S u i t a b l e  data were not a va i l ab l � quant i fy these a ffects . so a 

' b l a ck box ' S was  de s i gned t o  accou nt for them. R e l at i ve growth of a 

sward  (LGF ) was  re l ated t o  cu r rent green cove r u s i n g  a fami ly of 

Ssee S ect i on 3 .4 . 1 .  
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e xponent i a l  f u nct i on s .  T h e  re l e vant  e xponent i a l funct i on was  

determi ned f rom both res i du a l  green cover at the l ast graz i n g and  

w hether the  swa rd was  vegetat i ve or  conta i ned rep roduct i ve stem ( s ee 

F i g . 7 . 3 ) .  

The bas e  cu rves i n  F i g . 7 . 3  show the g rowt h factor for a swa rd 

i mmed i ate ly  a fter  graz i n g. Th i s  i n creases as green cover i nc reases , 

but  i t  app roaches a h i ghe r  l e ve l i n  p revi ou s ly hard grazed than  i n  

p revi ou s ly l a xly  grazed swards . 

The  fu nct i ons a re de scri bed by Equat i on 7 . 1 .  

LGF = 1 - EXP { -GCRF * LA I )  ( 7 . 1 )  

whe re t h e  paramete r  GCRF ref l ects  the i nf l uence of post-g raz i n g 

res i du a l  green cover { PGGC ) 9 and  swa rd morphol ogi cal  state :  

GCRF = V I NT - VSLP * PGGC ( 7 . 2 )  

for  vegetat i ve swards and  

GCRF  = R I NT - RSLP  * PGGC ( 7 . 3 ) 

for  swa rds conta i ni n g  rep roduct i ve stem. 

Va l ues  for  V I NT ,  R I NT ,  VSL P  and  RSLP were obtai ned from 

reca l i brat i on to Ko rte ' s  data .  

Swards we re assumed t o  show reproduct i ve stem 75 days  after  

i nf l ores cence i n i t i at i on (Kort e ,  pers . comm. ) .  The  pa rameters  R I NT 

a nd RSLP were as sume d  t o  apply t o  graz i n g a fte r th i s t i me ,  u nt i l  the  

swa rd was  ' c l ea ned out '  ( i . e .  grazed  be l ow 1 050 kg  GDM/h a ) .  

S enescence rate was a l s o  as sumed t o  d i f fe r  over t h i s  pe r i od .  Two 

senescence rate pa rameters were defi ned , RALPHA for rep rodu ct i ve and  

VALPHA for vegetat i ve swa rds . Va l ues  for  t hese  were a l s o  obt a i ned by 

reca l i brat i on t o  Ko rte ' s  data .  

9sou nds were p l aced on  the PGGC pa rameter  at 3000 k g  GDM/ha , t he 
ma xi mum i n  Kort e ' s  dat a .  
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E l e ven parameters  we re ca l i brated i n  t he  res t ruct u red  mode l .  

T hese  i nc l u ded P SLOPE , MR , VEG and DRTD f rom Ta b l e  7 . 1 , V I N T ,  R I NT ,  

V SL P , RSLP , VAL PHA and RALPHA and WDT , t h e  p a rameter cont rol l i n g the 

magn i tu de of t he  i nc rease i n  senescence rate at  zero so i l wate r . LCT 

i n  Ta b l e  7 . 1  was not ca l i brated. C a l i b rat i on dat a  were d i vi ded  on 

t he ba s i s of e i t h e r  be i n g rep rodu ct i ve or ve getat i ve regrowth s  

( Korte ,  pers . comm. ) .  

Cons i dera b l e i �p rovement occu rred i n  the  mi n i mi sed fu nct i on  va l ue 

u nde r the new s t ru ct u re ( 3037 vs 7063 - s ee Tab l e  7 . 2 ) and t he  model  

pa s sed t he poo l e d  F test  

F = 
207 . 5 4  
1 7 7 . 1  

= 1 . 1 7 2  ( d . f . = 5 1 ,  124 ) .  

New parameter  va l u es a re p resented i n  Tab l e  7 . 3 .  and actua l  and  

s i mu l ated va l u es a re p l ot ted i n  F i g .  7 . 4 .  

TABLE 7 . 3 :  C a l i b rated pa rameter  val ues for the rest ructu red green 
comp onent 

P a rareter Narre 
Ca 1 ibrated Value 

PSJFE t� VEG RSLP VS..P RINT VINT VAL� RAL.f'Ht\ DRTD hOT 

0 ·040 O.OOOlt 0.80 0.144E-a 0.234E-3 0.5 0.7 0.0065 0.0131 O.l8t 3.07 

* l.pperboond 
t LOHert:Xl.lnd 

I t  was con c l u de d  that  t h i s form of the model was s a t i s factory for 

p redi ct i n g the dy nami cs o f  the green pool u n der  pe ri od i c  graz i n g.  

A pa rt from the  res p i rat i on pa rameter  wh i ch was forced to  i t s l owe r  

bou n d ,  p robab ly due t o  t h e  ' b l ack box • con s t ruct i on i ncorporat i n g 

f acto rs affect i n g re sp i rat i on ,  parameter  va l ues were a s  e xpected.  
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The growth factor was l owe r i n  rep rodu ct i ve than  i n  ve getat i ve swa rds 

w hen  green cover was l ow .  Rep rodu ct i ve senescence rate was h i gher  

t ha n  veget at i ve ,  and the  senes cence rate fact or at zero soi l water 

(WDT ) ,  rema i ned a t  3 .  The resu l t s of Hu nt • s  exper i ment s , wh i ch 

p rov i ded the  i n i t i a l  p a rameters for pastu re senescence rates1 0  may be 

e xp l a i ned i n  the  above te rms i f  so i l water  l e ve l s  were l ow du r i n g  

a u t umn i n  h i s  t r i a l , a n d  reca l l i n g that h i s  s p ri n g  exper i ment 

commenced wi th  at vegetat i ve swa rd wh i ch became rep rodu ct i ve .  

Ko rte • s  da ta represented swa rds su bjected to  peri odi c g raz i n g 

o n ly . Cond i t i ons  i n  set-stock ed swa rds tend t o  va ry much l e s s  at  a 

g i ven cover (H odgson � Ma xwel l ,  1981 ) ,  hence growth rate can be 

more re l i ab ly  rep resented  as  a cont i nu ou s  fu n ct i on of green cove r .  A 

s i mp l e  l i nea r funct i on ,  de r i ved f rom Hodgson � �· ( 1 981 ) ,  was 

i nc l u ded for set-stock ed swards , bu t i t  was a s sumed that growth rates 

wou l d  dec l i ne due to s had i ng  hy stem at h i gh green covers (F i g .  7 . 5 ) .  

7 . 4 . 2  Dead pool ca l i brat i on 

Accu mu l ated green OM from Korte • s  dat a was u sed as  i nput  for dead  

p oo l  ca l i brat i on .  The  senescence rate pa rameters p l u s  t he  p roport i on 

o f  new ly senesced dead OM wh i ch was read i ly decomposab l e (SOL ) ,  

i n i t i a l ly 43 percent , a nd  the rel at i ve amou nt of dead OM con sumed by 

e a rthworms per day (WORM ) ( p l u s o r  mi nus  bas i c  consumpt i on rate shown 

i n  F i g .  5 . 1 0 ) ,  were ca l i b rated .  

T he  val u e  o f  C fo l l ow i n g  1 dead 1 ca l i b rat i on was l a rger than  

fo l l ow i n g  the • restru ctu red green • ca l i brat i on ( 4 183 v s  3037 , 

T a b l e  7 . 2 ) .  Howeve r t h e re was qu i t e  l a r ge u nexp l a i ned va ri at i on 

between rep l i cates i n  the observed data for dead OM accumu l at i on 

1 0see Sect i on 5 . 2 . 2 .  
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- - 2 Consequent ly t he va ri at i on I ( Y i - Xi j ) 

was con s i dered accept abl e ,  as a s s essed by the pool ed F test : 

F 2 7 3 . 82 
= 272.4 

= 

1 . 0 1  ( d f  = 5 1 ,  1 24 ) .  

T he  resu l t s of regres s i on a n a ly s i s and  a p l ot of observed  

a nd s i mu l ated dead  OM accumu l at i on rates a re gi ven  i n  T a b l e  7 . 2  and  

F i g . 7 . 6 , respect i ve ly .  

C a l i brated p a rameter va l u es fol l owi n g  dead pool ca l i brat i on a re 

g i ven i n  Tab l e  7 . 4  

TABLE 7 . 4 :  Ca l i brated pa rameter  va l ues f o r  t h e  dead component 

P a rameter  Name 
C a l i b rated Va l u e 

V AL PHA RALPHA 

0 .0062  0 . 0 16 

DRTD WDT WORM 

0 . 2 0  4 . 5  +0. 3 5E - 2  

There was rema rk a b l e  s i mi l a ri ty i n  t he  ca l i brated va l ues  o f  

SOL 

0 . 44 

VALPHA a nd  DRTD between t he • restructu red green • and 1 dead • pool 

c a l i b rat i on s , bu t va l ues for RALPHA and  WOT we re not in a s  good 

a greement (comp a re Tab les  7 . 3 and 7 . 4 ) .  

T o  he l p  choose wh i ch set o f  senescence rate pa rameters t o  u se i n  

t h e  mode l , f i rst the g rowt h  rate pa ramet e rs i n  the • re s t ru ct u red 

g reen ' component were reca l i b rated  wi th f i xed senescence rate  

p a rameters f rom the  1 dead • ca l i brat i on ( i . e .  those i n  Tab l e  7 . 4 ) .  

S econ d ,  the  decay rate pa rameters i n  the dead component were 

reca l i b rated w i t h f i xed s enescence rate p a rameters from t he 

' rest ructu red green ' ca l i brat i on ( i . e .  those  i n  Tab le  7 . 3 ) .  These  were 

c a l l ed the  re ve rse green a n d  reve rse dea d  ca l i brat i ons , respect i ve l y .  
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The object i ve for the  reverse ca l i bra t i ons was to ga�ge the  

s ens i t i v i ty of  C ,  for the  green a nd dead component s ,  to the  respect i ve 

s ets  of sene scence rate pa ramete rs . 

7 .4 . 3  Reverse Ca l i brat i on Resu l t s  

Pa ramete r va l u es for growth and decay rates a l tered on ly  s l i ght ly  

i n  t he  re verse ca l i brat i on s ( compa re T a b l e  7 . 5  wi th Tab l es 7 . 3  a nd  

7 . 4 ) .  The  va l u e  o f  C showed a greater  percentage i nc rease t o  reve rse 

g reen ca l i brat i on t h a n  to reverse dead ca l i brat i on ( + 16 . 1% vs +1 1 . 1% )  

(Ta b l e  7 . 2 ) .  Th i s  res u l t ,  coup l ed w i th the greater  i mportance of the 

g reen component to a n i ma l  produ ct i on ,  p rompted the dec i s i on to u se the 

g rowth and sene scence pa rameters from the ' res tructu red g reen ' 

c a l i brat i on (Ta b le  7 . 3 ) ,  and the  decompo s i t i on pa rameters f rom the 

reve rse ' dea d ' ca l i b rat i on (Ta b l e 7 . 5 ) .  

TABLE 7 . 5 :  P a rameter val u es for the  re verse ca l i bra t i ons 

Pararreter Narre 
Cali brated Va lue 

Reverse Green 

PSLCPE � VEG RSLP VSLP RINT VINT RAL� VALPrlA IRTD \-DT 

o.o39 o.oom o.so ·0.145:-3 o.23:£-3 o.5 o.7 o.ro>2 o.016 o.2o 4.5 

Pa ramete r  Name 
C a l i brated Va l u e  

V ALPHA RALPHA 

0 . 0065 o.o 1 3 1  

DRTD 

0 . 18  

Reverse  Dead 

WDT 

3 . 0 7  

WORM 

+0. 3 3E - 2  

SOL 

0 . 4 3  
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7 .4 . 4 H i l l  Count ry Rate of Growth Ca l i brat i on 

T he  data  from B a l l a nt rae HCRS we re a t i me ser i es of net pastu re 

g rowth  rates  ( g reen p l u s  dead  OM ) for d i fferent s l opes and a s pect s . 

S o i l f e rt i l i ty i nc reased th rough t i me on the dat a s i tes 

( La mbe rt pe rs . comm. ) ,  so  the  t i me s e ri es was a rb i t ra ri ly di vi ded 

i nt o  t h ree pe r i ods w i t h  d i ffe rent l evel s of so i l fert i l i ty .  

T h e  mode 1 was  e a  1 i brated t o  the t h ree pa rameters that varied w i t h  

s o i l fert i l i ty a n d  p a s t u re compos i t i on .  These were , PSLOPE , VEG , and  

OAYREP ( the  day o f  i n i t i at i on of rep rodu ct i ve growth ) .  Ot her  

p a rameters  were a s s ume d  t o  h a ve the va l u es de ri ved from the p rev i ous  

c a l i brat i on .  Th e mode l was ru n u s i ng  the  approp r i ate yea rs • c l i mate  

data  f rom Ba l l a nt rae ,  except where fu l l  c l i mate data were u nava i l a b l e  

( i . e .  1 9 7 5  t o  1 9 79 } .  I n  these  years ra i n fa l l data we re a va i l a b l e  f rom 

B a l l a nt rae ,  bu t s u n s h i ne hou rs and temp e rat u re dat a were supp l i ed f rom 

P a l me rston No rth DS I R , wi th  correct i ons a pp l i ed to tempe ratu re fo r the  

a l t i tu de d i f fe rence ( s ee Sect i on 5 . 3 ) . P a s t u re growth rates  fo r t h ree · 

s l ope c l a s ses , a n d  t h ree aspect s ,  we re a ve raged . T r i mmi n g  hei ght for 

regrowth s  was a s s umed to  be 4 00 kg GDM/ha , p l u s  the _ appropr i ate 

p roport i on of dead OM . 

W i th t h i s set of  obse rved dat a ,  as w i th  a l l rema i n i n g sets  i n  

2 -
t h i s  ch apte r ,  t h e re we re no accompany i n g e st i mates of  a fo r Y i ' a n d  

t he o bse rved d ata  g i ven were a s sumed  to  equ a l  Y
i . S u bject i ve 

e st i mates were made of the  a cceptabi l i ty of the  ca l i brated mode l ,  

s i nce no poo l e d  F tes t cou l d  be conducted .  

T rends i n  pa rameter  va l ues  we re as  postu l ated i n  Sect i on 5 . 2 . 1 . 1  

( s ee Ta b l e  7 . 6 } .  As  s o i l fert i l i ty i nc reased ; ( 1 ) PSLOPE i n creased ,  

{ 2 )  t he re l at i ve d i f fe rence between vegetat i ve and  reproduct i ve g rowth 

p otent i a l decreas e d ,  and { 3 ) reproduct i ve growth commenced ea r l i e r .  

T he  re l at i ons h i p between  PSLOPE a nd  VEG was reca l cu l ated f rom 



the  i nforma t i on i n  Ta b l e  7 . 6 .  Th i s  wa s :  

I F  ( P SLOPE . L l . O . 0 2 5 )  VEG = (( P S  LOPE - 0 . 0  2)/0.02)* 0.67+ 0 .  6 

E LSE VEG = 0 . 8  

1 3 3  

( 7 . 4 )  

TABLE 7 . 6 :  Pa rameter  va l u es fo l l ow i n g  t he ' h i l l  cou nt ry '  ca l i brat i on 

Pe ri od nates  

1 .  ( 1 /8/ 72-9/ 1 2/ 7 4 )  

2 .  ( 9/12/74- 1 0/4 / 78 )  

3 .  ( 1 0/4 /78-1 1 / 6/ 7 9 )  

P a rameter Name 
C a l i brated Va l u e 

PS LOPE 

0 . 0 21 

0 . 022 

0 . 025 

VEG 

0 . 61  

o .  7 3  

0 . 80 

DAYREP 

265 

254 

253  

Res u l t s  of  reg ress i on ana lys i s  are g i ve n i n  Tabl e 7 . 2  for each  of 

t he t h ree ca l i brat i ons . 

A graph o f  s i mu l ated ve rsu s f i e l d measu rements ( F i g .  7 . 7 )  

i nd i cated the accu racy of the ca l i brated mode l ,  except i n  the  w i nter  

of  1 9 77 when  i t  cons i stent ly u nder-est i mated product i on .  T he  reas on 

for  t h i s  was u nc l ea r  but i t  may have been due to  di fferences i n  

r ad i at i on l e ve l s  between t he f i e l d  and  weather  data  si tes ( � 20 mi l es 

a pa rt ) i n  t h i s  w i nte r .  

7 . 5  VAL IDAT ION OF THE PASTURE COMPONENT 

A number of s u bject i ve eva l u at i ons were ma de of the ca l i b rated 

p astu re mode l ' s 1 1  performa nce t o  extend con f i dence i n  u s i n g  i t  i n  new 

s i tu at i ons . S u bj ect i ve e va l u at i ons of va l i d i ty were req u i red  e i th e r  

becau se a l l a v a i l a b l e  dat a h a d  been u sed i n  model const ruct i on a n d  

deve l opment , o r  becau se o f  t h e  reasons stated  i n  Secti on 7 . 3 . 4 . 

1 1 su bseq uent ly referred to as the mode l i n  t h i s  sect i on .  
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· The f i rs t eva l u at i on wa s of the effect of i ncreas i n g  so i l 

f e rt i l i ty ( i . e .  PSLOP E )  on the a nnu a l  pattern of net p roduct i on u nde r 

c ut t i n g .  C l i mate dat a  c a me  f rom a ' rep resentat i ve '  yea r f rom the  

B a l l a nt rae dat a .  

A s  s o i l fert i l i ty ( P SLOPE ) i n creased the  s p ri ng peak i n  

p roduct i on was moved forwa rd ,  wi t h  s i mi l a r l e ve l s  of p roduct i on be i n g 

ma i nta i ned  i n  l a te s p r i n g  (F i g .  7 . 8 ) . Th i s  i s  su pported by fi e l d 

o bs e rvat i on s  ( L ambe rt pe r s . comm. ) .  � 

A second expe r i ment  was  des i gned as a se r i es of t r i a l s  t o  extend 

conf i dence i n  the mode l-p redi cted effects of  d i f fe rent defo l i at i on 

reg i mes  on net pastu re p roduct i on .  R e l evant  t r i a l s  we re condu cted i n  

t he f i e l d by Ta i nton ( 1 9 74 ) ,  a n d  h i s  resu l t s  were used a s  an a i d  t o  

s u bj ect i ve as ses sment o f  mode l pe rformance .  

To app rox i mate defo l i at i on by graz i n g ,  h a rvested d ry mat te r  was  

a s s umed to be  90% g reen and  10%  dead . F i rst , l at e  autumn/w i nter  

p roduct i on was  comp a red  u nde r two  h a rvest i n g i nte r va l s  ( 42  and  63 

d ays ) ,  by two h a rves t i n g i n tens i t i es ,  500 ( h a rd = H ) and 1200 kg DM/ha  

r es i du a l  ( l a x = L ) ,  comme n c i n g  on  Apr i l 1 5 .  Resu l t s a re p resented i n  

T a b l e 7 . 7  a n d  s how t h at ; ( 1 ) the amou nt of g reen DM ha rvested u nde r 

l a x g raz i n g was greate r  t h a n  unde r hard g raz i n g i n . the _ f i rst  re growth , 

b u t  that i n  subsequent reg rowths th i s  resu l t  was re versed ,  and  ( 2 )  a s  

h a rvest i nt e rva l was l en gthened the ba l ance wa s  t i pped i n  fa vou r of  

h a rd graz i n g .  The mode l  a l s o i nd i cated that  net growth rate can  be 

l es s  than g reen accumu l at i on rat e i n  ea r ly w i nt e r .  

The a bove ref l ect t h e  ba l ance between growth ,  whi ch was l ower  

f o l l owi n g  h a rd g raz i n g ,  and  senescence , wh i ch was  h i gher  i n  l a x grazed 

swa rds . As  c l i mat i c  cond i t i ons became i nc reas i ng ly rest r i ct i ve to  



Tab l e  7 . 7 :  R esu l ts o f  the  w i nter  g raz i ng t r i a l t 

Hard Grazing Lax Grazi ng 

Total Green i)::!ad Total Green 
Days i n  Grooh Accun. Acrum. AcOJm. Gr(}olth ka.m. AccUll. 
rotation Rate Rate Rate Rate Rate Rate Rate 

42  19.9 14.3 16.1 -1.8 26.5 17.2 18.0 

42  7.9 4.8 4.7 0-1 10.3 4.0 3.5 

42 1 1.0 8.2 7.5 0.7 13.8 7.7 6.7 

Mean 12.9 9.1 9.4 -0.3 16.9 9.7 9.4 

63  17.2 11.8 12.5 -0.7 21.8 12.8 12.5 

63 10.3 7 .0 6.7 0.3 12.7 6.0 5.7 

Mean 13.7 9.4 9.6 -0.5 17.2 9.4 9.1 

t lhits kg CM/ha/day 

135  

Dead 
Accun. 
Rate 

-0.8 

0.5 

1.0 

0.3 

0.3 

0.3 

0.3 
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growth , green accumu l at i on ra te on  l a x  swa rds dec l i ned re l at i ve to  

that  on h a rd ,  s i nce the  fo rmer app roa ched ce i l i ng yi e l d . The  a bo ve 

resu l t s  a re i n  a ccord wi th  obs e rvat i ons f rom the f i e l d .  Howeve r  the 

mode l  wou l d  not accou n t  fo r the s l i ght i n c reased w i nter  p rodu ct i on ,  

n oted  by Ta i nton { 1 974 ) ,  i n  h a rd grazed swa rds p revi ou s ly l a x grazed  

i n  au tumn . Th i s  wa s p robab ly  due to  effect s of  i n creased root 

reserves bu i l t  u p  i n  these  swa rd s ,  a nd was not accounted for i n  t h e  

mode l .  Howeve r ,  t he  omi s s i on i s  l i k e ly to have very l i tt l e  effect 

i n  the  tot a l  graz i n g mode l  owi n g to the sma l l  s i ze of the effect and  

the  l i mi ted numbe r of  paddock s that cou l d  be t reated i n  th i s  way . 

A second t r i a l  compa red p rodu ct i on i n  l ate spri n g  and  ear ly  

summe r u nder two h a rvest i n g i ntens i t i e s ( 7 50 a nd  1800 k g  DM/ha  

res i du a l ) i n  a c ro s sove r e xperi ment . The s i mu l at i on commenced on  

N ovember 26 and  ran for  10  week s ,  with  the crossover a fter  4 week s .  

P re-t reatment swa rd condi t i ons were 3350 k g  DM/ha and 87 % g reen OM . 

Net accumu l a t i on  of green OM i n  l ate s p ri n g  was h i ghe r under  

h a rd graz i n g (T a b l e 7 . 8 } becau se  of  a h i gh e r  growth rate i n  t h e  l ate 

s ta ges  of the reg rowth , and  l ess  senes cence . The above a re i n  

a g reement wi t h  Ta i nton ' s  ( 1 9 74 ) ca l cu l at i on s .  

I n  summe r H a rd-L a x  (HL ) swa rds p rodu ced s l i ght ly l es s  green OM 

t ha n  Ha rd-Ha rd {HH ) swa r ds .  Th i s  i s  at va r i ance wi th swa rds des c r i bed 

by T a i nton ( 1 9 7 4 ) wh i ch p roduced the same amou nt . Di s a g reement i s  

l i k e ly to  be due t o  di f fe rent graz i n g  re s i du a l s  between Ta i nton { 1 974 ) 

a nd t he a bove . 

S i mu l ated patte rn s  o f  OM accumu l at i on i n  the HH and  LL  t re atments 

a re p resented i n  F i g . 7 . 9 .  
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TABLE 7 . 8 :  Res u l t s of the  spri n g/summe r graz i n g tri a l t  

G rowth Tota l  Accum. Green Accum .  Dead Accum. Decay 
R ate  Rate  Rate  Rate Rate  

S p ri n g  

H a rd 68. 4 65. 7 5 9 . 2  6 . 5  2 . 8  

L a x  64 . 5  59 . 7  4 9 . 7  10 .0  4 . 8  

Summer 

H H  4 9 . 2  4 4 . 1 34 . 6  9 . 5  5 . 1  
H L  49 . 5 4 1 . 2  2 7 . 2  14 . 0  8 . 3  

L H  4 8 . 0  4 2 . 8  34 . 6  8 .2  5 . 2  
L L  50 . 1  4 1 . 6  28. 6  13 . 1  8 . 4  

t Un i t s k g  DM /ha/day 
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Th e above s i mu l at i on s  showed the  re l at i ve i n sensi t i vi ty of green 

h e rba ge a ccunu l at i on to a ran ge of defo l i a t i on regi mes as  noted i n  

ma ny f i e l d  s tud i e s  (e . g . H odgson  & Maxwe l l ,  1 981 ) ,  and appea red t o  add 

t o  t h e  confi dence  i n  the mode l .  

A f i na l  s i mu l at i on was des i gned to  a s sess  the mode l ' s  stab i l i ty 

u nder t h e  e xt reme of z e ro graz i n g (F i g . 7 . 1 0 ) .  Resu l t s  were 

conceptua l ly rea l i st i c  w i th tot a l  OM reach i n g  a cei l i n g i n  summer  

w h i ch cou l d  n ot he  sust a i ned ove r wi nter .  Hence tot a l  OM l e ve l s  

dec l i ned ,  w i th  the  expected chan ge i n  g ree n ,  dead  composi t i on 

o ccu r ri n g .  I t  was  conc l uded t hat  t he  mode l w a s  stab l e i n  t h i s ext reme 

s i t u at i on .  

7 .6 CAL I BRAT ION  AND VAL IDAT ION OF THE AN IMAL COMPONENTS 

S i n ce a number of an i ma l  states , such a s  suck l i ng l a mb wei gh t and 

ewe fert i l i ty ,  owed d i rect dependence to states dete rmi ned by ewe 

e nergy ba l a nce , t he p a rameters cont ro l l i n g energy ba l a nce i n  the  

ewe were c a l i b rated a ga i nst data whe re i ntake was  k nown a ccu rate ly .  

S u bj ect i ve a s se s sment s  of  mode l va l i d i ty were t hen made u s i n g  data 

f rom g raz i n g  t ri a l s .  No  a s ses sment  was made of the rep rodu ct i on 

comp onent s i nce i t  was wi de ly based on  the  best  New Zea l and data and 

we l l rep resented wi t h i n  the  l i mi t at i ons  on l i vewei ght p red i ct i on. 

7 . 6 . 1 Non Pregnant , Non Lactat i ng Sheep 

The re wa s cons i dered to be l i tt l e  poi nt i n  ca l i brat i n g the  

p a rameters KM and  KF s i nce a genera l concensu s on  thei r va l ues had  

been reached i n  the  l i teratu re . Su bject i ve va l i da t i on of the mode l 

for  i nt a k e  a n d  l i vewe i gh t  ga i n of non  l a ctat i ng ,  non p regnant sheep 

was  therefore p roceeded t o  d i rect ly u s i n g  a number of New Zea l and 
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p astu re a l l owa n ce stu di e s .  Det a i l s  of  these  comp a ri sons a re g i ven i n  

A ppend i x c . 1 2  

Overa l l correspondence between a ct u a l  a nd  s i mu l ated res u l t s was 

cons i dered q u i te reasonab l e g i ven the  w i de di ve rs i ty i n  pastu re 

type a n d  a ge of stock i n  t he  f i e l d t r i a l s .  R ut  as a gene ra l 

o bservat i on ,  t he  mode l tended t o  o ve rstate  wei ght l os s  at l ow 

a l l owances , whe re acces s i b i l i ty was  l ow e . g .  t ri a l  1 of Smeaton et 

�· ( 1 981 ) . Two pos s i b l e  rea s ons for  th i s  we re ( 1 ) the u ns u i tab i l i ty 

o f  KM at  ve ry l ow l e ve l s  of  i nt ake ( e . g .  G raham � .!!_. ,  1 976 ) ,  and  

( 2 )  the  u n s u i t a b i l i ty o f  the  fact or  a f fect i n g ma i ntenance at l ow 

l eve l s  of g reen OM where pastu res we re l on g  a nd  conta i ned a l ot of 

dead OM . The or i g i na l fact ors were de ri ve d  pr i nci pa l ly for s hort 

p as tu re s . 

O ve r -e st i mat i on o f  s i mu l ated  l i vewe i ght ga i ns for s ome per i ods 

of Thoms on ' s  expe r i ment  w i t h  l ambs , may h a ve been due to the  effect of 

co l d wea t he r  du ri n g  p a rt of  h i s  t r i a l  (Thoms on � .!!_. ,  1 980 ) ,  whi ch was 

o at accounted  for  i n  the  s i mu l at i on .  I nt akes  were ma rkedly at 

v a r i a nce at  h i gh a l l ow ances bu t the s i mu l ated i ntakes we re c l ose to 

pub l i s hed es t i mates o f  requ i reme n t s  for  t he l e ve l s  of l i vewei ght ga i n  

a ch i e ved ( e . g . I J l yatt  � 2.J_. ,  1 980 ) . 

7 . 6 . 2  P regnancy 

T he  mode� was organ i sed t o  a ccept a s  i npu t a g i ven feed i ntake  

a nd was  ru n ove r  two pe ri ods i n  l at e  p re gnancy ,  mi micki n g  two t r i a l s  

reported by Ratt ray � T ri g g  ( 1 9 79 ) .  Data  i n  these t r i a l s  we re 

o bt a i ned  f rom ewes ser i a l ly s l a u ghtered i n  l ate p regna ncy ,  at 

a pp ro xi mate ly  days  98 a n d  1 4 2 ,  a nd  day s 93 a nd  1 3 5 ,  i n  t r i a l s  1 a nd  2 

1 2T h e  ma i ntenance p a rameter  for  g raz i n g f l at l a nd was assumed to  be 
1 . 3 t i mes  t h at of pen fed a n i ma l s .  I n  some i nstances assumpt i ons  we re 
req u i red for  pastu re q u a l i ty .  They a re stated i n  Appendi x c .  
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res pect i ve ly .  The  pa rameters ca l i b rated a re l i sted i n  Ta b l e  7 . 9 .  

The ma i ntenance pa rameter was f i tted separate ly s i nce ewes i n  t r i a l  

2 we re shorn . Th e  fu nct i on mi n i mi zed was the  squa red pe rcenta ge 

d i f ference i n  e'lle empty body wei ght p l u s  the squ a red percentage 

d i fference i n  foet a l  l i tter  we i ght . Potent i a l  bi rth wei ght was 

p red i cted f rom the  observed data. 

TABL E  7 . 9 :  Des cr i pt i on a nd va l ue of ca l i brated pa rameters i n  the 
p re gnancy component 

Pa rameter 
N a me 

M I NC 1  

M I NC2  

KCM 

KP  

Km ob  

Descr i pt i on and  E f fect 
of Pa rameter 

Ma i ntena nce i ncrement factor for 
pen fed woo l ly ewes 

As above , but for s horn ewes 

E f f i c i ency of energy use for  
conceptu s ma i ntenance 

E ff i c i ency of  energy use for 
concept u s  p l u s  mamma ry g l and ga i n  

1/k mob = factor descri bi ng  
i ncrea sed eff i ci ency of mobi l i sed 
body ene rgy ove r di et energy 

* Up pe rbou nd 

I n i t i a l 
Va l ue 

1 . 1  

1 . 4 

0.8 

0.25 

0 .5  

Ca l i brated 
Va l u e  

1 . 1 4  

1 . 7 9  

0 . 80* 

0 . 40* 

o .  7 5  

F i tted parameter va l ues  a re p resented i n  Tab l e 7 . 9 ,  resu l t s of 

regres s i on a na ly ses a re g i ven i n  Tabl e 7 . 1 0  a n d  observed and s i mu l ated 

ewe a n d  foeta l  l i tt e r  wei ght s a re shown i n  F i g • 7 . 1 1 . The ca l i b rated 

p a rameters su ggested greater eff i c i ency of  d i et a ry ene rgy use  i n  

p regnancy and reduced eff i ci ency of mobi l i sed e nergy use , i n  

compa r i s on to  o r i g i n a l  pa ramete r  va l u e s . Stat i st i ca l ly ,  the  

hypot hes i s  Y .  = X . .  was rejected (SL = 2 . 5% ) for  foetal l i tte r wei ght 1 l J  
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(Ta b l e  7 . 1 0 )  bu t f rom F i g.  7 . 1 1  mode l p redi c t i ons were con s i dered to  

be qu i te acceptab l e for  the  pu rposes of  th i s  stu dy .  

O ve ra l l gross eff i c i e ncy of energy u se for p regnancy ran ged f rom 

22 to 28 % u s i n g  t he a bove pa rameters .  These we re s l i ght ly h i gh e r  
J. 

r· 
'· · than est i mates i n  the  l i te ratu re (e . g.  Graham ( 1 964 ) ,  20% ) ,  but were 
i' �� 
.
· cons i de red reasona b l e  s i nce the above rep resented effi c i ency ,  so l e ly •t-

i n  the l a st t r i mester  o f  pregnancy when the ' ma i ntena nce component ' of 
, 

' 
p re gna ncy requ i rements  wou 1 d be 1 ower as  a p roport i on of tot a 1 . ; 

. requ i rements , due t o  h i gher  foeta 1 grONth rates . 

TABLE 7 . 1 0 :  R egres s i on ana lys i s  of  va ri ou s an i ma l  component s t  

Crnponents a SEa b SEb r2 No. - - 2 Probabi l i ty of greater 
Observes. I (Yi -x1; F given a = 0, b = 1 

Pregnant eHe lWT 4.67 2.67 0.88 0.06 0.96 13 35.8 >0.05, <il.1 

l.antJ b i rtll.-ei ght 0.77  0.25 0.91 0.04 0.98 13 1.88 >0.01, <1).025 

Lactating eHe lWT 1.29 3.49 

Mi l< prodJcti rn (kg)  2.16 1.45 

tRegress i on of Y 1. = a + bX . .  1 J 

0.97 

0.96 

0.06 0�85 46 396.6 

0.03 0.95 50 88J.09 

S ubj ecti ve va l i dat i on of mode l predi ct i on s  of ewe l i vewe i ght 

and l amb b i rth we i gh t  we re condu cted u s i n g  a se r i es of 

g raz i n g  t r i a l s  reported hy R att ray ,tl. �· ( 1 982a ) .  The ewe 

mai ntenan ce fa ctor was set to 1 . 3  for f l at l a nd and  pastu re q ua l i ty 

was  assumed t o  be 1 1  MJME /k g  OM . 

>0.25 

>0.25 
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The  e f f i c i ency of energy u se  for  p regnancy {KP ) , de ri ved by 

c a l i b rat i on ,  a ppea red t oo h i gh  so t he i n i t i a l va l u e  of 0 . 2 5  was 

re i n stated . T hen t here was cons i dered to  be reasonab l e  a greement 

between obse rved and s i mu l ated  ewe l i vewei ghts and l amb b i rth we i ghts , 

w i t h  s i mu l at ed  t rends fo l l ow i n g  observed t rends at di fferent pasture 

a l l owances  a n d  covers (Ta b l e  7 . 1 1 ) .  S i mu l ated i nt akes were a l so 

e ncou ra g i n g l y  s i mi l a r  at l ow a l l owa nces , and  appea red rea s onab le  ( i n 

rel at i on to  p u b l i shed requ i rments ) at h i gher a l l owances desp i t e  

bei n g  u n de r-e st i mates of  obse rved appa rent i ntakes . r-I n  a l l ,  these 

resu l t s  g ave t he mode l l e r  confi dence i n  mode l performance i n  l ate  

p re gnancy .  

7 . 6 . 3  Lactat i on 

C a l i b rat i on was conducted a ga i nst  data of Pea rt from a ser i es 

of t ri a l s  i n  w h i ch  he  ma de a comp rehens i ve study of the e ffect s of 

nut r i t i on on ewe mi l k  p rodu ct i on a nd  l i vewei ght change { P e a rt ,  1 967 , 

1 968a , 1 968b , 1 9 70 ) . A des c r i pt i on o f  the pa rameters ca l i brated i s  

g i ve n  i n  Ta b l e  7 . 1 2 . The pa rameters i n  the  bu fferi n g  a b i l i ty equat i on 

a ffected t h e  p a ramete r  D ,  i n  the  fu nct i on a l  form adopted i n  Sect i on 

6 . 3 . 4 .  

D = ( C ONST + WL * week o f  l act at i on - LW * WT ) { 7 . 5 )  

w here WT i s  f l eece-f ree ewe l i vewe i ght . Beyond week 6 o f  l a ct at i on ,  

week o f  l a ct at i on = 6 and  a bove ewe l i vewei ght 4 5  k g ,  WT = 4 5 .  Othe r  

p a rameters a re desc r i bed i n  Ta b l e  7 . 1 2 .  
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TABLE 7 . 1 1 :  Compa r i son o f  mode l pred i ct i ons of pasture i ntake  du ri n g  
p re gnancy a n d  ewe l i vewei ght a n d  l i tter we i ght a t  
1 amb i n g ,  wi th those of Ratt ray � .!!_. (1 982a)t 

Pasture Pasture Intake kg CM/h/d Ewe l iVS'Iei�t (kg) Li tter Bi rt�ig,t (kg) 
Co�r  Al lcwance Actual Sirrul ated Actual Sinulated Actual Sinul ated 
(kg ll-1/ (kg ll-1/ 

ha) h/d) 

1 100 0.7 0.55 0.4 2 43 43.5 - 6.7 6.4 
1 .0 0.75 0.63 44 46.2 6.6 6. 5 
1 .4 1.02 0.91 47 48.7 6.8 6.5 
1 .9 1 .38 1 .09 54 51.1 6.7 6.5 
3.0 1 .68 1.25 57 52.5 7.0 6.8 
4 .3 2.20 1.35 59 53.7 6.9 7.0 

1445 1 .0 0.78 0.70 46 47.3 6.0 6.3 
2.4 1 .48 1 .30 51 53.5 6.6 7.0 
3.7 1 .40 1.46 56 55.3 6.4 7.2 
4.9 1 .89 1 .53 57 56.0 6.4 7.3 
6.9 1 .70 1.58 57 56.1 6.8 7.4 

2700 0.7 0.64 0.52 46 46.3 6.6 6.5 
1 .0 0.88 0.78 48 49.0 6.7 6.6 
1 .4 1 .08 1.04 50 51. 5  7.1 7.3 
2.0 1 .54 1.34 55 54.7 7.0 7.4 
3.0 1 .83 1.52 57 55.9 7.2 7.4 
4.4 1 .94 1.65 59 56.3 7.6 7.4 

2895 1.1 0.93 0.87 47 49.4 6.3 6.3 
2.2 1 . 55 1.40 56 55.2 6.4 7.2 
3.4 1 .40  1.59 58 56.6 6.5 7.4 
4 . 7  1 .96 1 .69 58 57.2 6.6 7.4 
6.6 2.00 1.74 61 57.5 6.6 7.4 

t li t t e r  s i ze correct ed to 1 . 5  l ambs/ewe 



144  

TABLE 7 . 1 2 :  Des cr i pt i on and  va l ue of  ca l i brated p a rameters i n  the 
l actat i on component 

P a rameter  
N ame 

AS  
AT  

B S  
B T  

C S  
C T  

CONST ( S )  
C ONST ( T ) 

WL  ( S ) 
WL ( T )  

LW  ( S ) 
LW (T ) 

KL 

KF 

M I NC 

Des c ri p t i on a nd  E ffect 
of  P a rameter 

A ,  R ,  and C a re P a ramete rs 
cont ro l l i ng the  s hape of the 
p otent i a l mi l k  y i e l d  funct i on 
( s ee Sect i on 6 . 3 . 4 )  S = s i ng l es , 
T = tw i ns ,  BWT = bi rt h wei ght 

Cons tants  i n  bu f feri n g  a b i l i ty 
equat i on ( s ee text ) 

Week o f  l a ctat i on te rm i n  
bu ffer i ng  ab i l i ty equ at i on 

L i vewe i ght  te rm i n  bu fferi n g  
a b i l i ty equat i on 

E f f i c i ency of  ene rgy u se  for 
l act at i on 

E ff i c i ency of  energy u se  for  
g a i n ,  du r i n g  l act at i on 

Ewe ma i ntenance fact or  

* Lowe rbou nd  
* * St ru ct u ra l cha n ges made du ri n g  ca l i brat i on 

I n i t i a l  Ca l i brated 
Va l u e  Va l u e  

0 . 3 5*BWT 1 . 89** 
0 . 5* {BWT+0 . 5 )  3 . 7 7** 

0 . 5  
0 . 5  

-0 . 1 9  
-0 . 1 9  

0 . 6 5  

= KL 

1 . 3  

0 . 4 3  
0 . 4 1 

-0 . 1 8  
-0 . 2 3  

0 . 2  
0 . 6  

0 . 14 
0 . 0 6  

0 . 0* 
0 . 0 1 3  

0 . 6 2  

= KF 
non- l act at i n g** 

1 . 2 0  
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The fu nct i on mi n i mi sed was the sum of the squared d i f ferences 

between observed a n d  s i mu l ated ewe l i vewe i gh t and mi l k  p roduct i on .  I t 

became apparent ea rly on that  d i fferent set s of  parameter va l ues  

app l i ed for  ewes rea ri ng  tw i n s a nd  s i n g l e s ,  s o  ca l i brat i on was 

conducted on th i s  bas i s .  

The  parameter  va l u es gi v i n g  bes t f i t t o  the  dat a a re g i ven i n  

T ab l e 7 . 1 2 and observed a nd  s i mu l ated ewe l i vewei ght and mi l k  

p rodu ct i on a re p l otted i n  F i g . 7 . 1 2 .  

C ha nges to  p a rameter va l ues whi ch i n f l u ence the pattern of 

potent i a l  produ ct i on mere ly refl ect the d i f fe rence between the i n i t i a l  

data  u sed and  the  p resent dat a ,  and may be breed a ffected. However 

Pea rt ' s  data showed a cons i stent l ack of corre l at i on between l amb 

b i rt h  wei gh t and  the  p a rameter 'A ' , except at ve ry l ow b i rth wei ght s  

( <  3 . 5 k g ) ,  hence the deri vat i on o f  a con stan t .  Th i s t i es i n  w i t h  

recent  observat i on s  by R att ray !1.. 21· ( 1 982b )  i n  the f i e l d .  E q u at i ons  

6 . 1 7  a n d  6. 18  i n  Ch apter 6 we re therefore rep l aced by the  pa rameters 

AS a n d  AT i n  Tab l e 7 . 1 2 , where bi rth wei gh t (BWT ) was above 3 . 6 5  k g ,  

be l ow 3 . 6 5  k g  the fol l owi n g  a pp l i ed ,  ( ca l cu l ated f rom Peart ( 1 967 ) ) 

AT = AT * ( 1 - ( 3 . 6 5  BWT ) * 0 . 1 85 )  ( 7 . 6 )  

A S  = AS * ( 1 - ( 3 . 6 5 BWT ) * 0 . 1 85 ) .  

R esu l t s  of regres si on a na ly ses i n  Ta b l e 7 . 1 0 poi nt t o  the  

a cceptabi l i ty o f  the  s t ructu re of the l actat i on component . 

( 7 .  7 )  

S u bject i ve a s ses sment of  mode l p red i ct i ons  of  ewe a n d  l amb 

perfo rmance under  graz i ng wa s ma de hy s i mu l at i n g t he tri a l s  condu cted 

by R att ray et .2.J.. ( 1 982b ) .  P a s tu re qua l i ty was  as sumed t o  be 1 1 . 3  

MJM E /k g  OM and t h e  ma i ntenance factor was a ga i n as sumed t o  be 1 .3 .  

Comp a ri s on between s i mu l ated a n d  obse rved l i tter  wei ght at wea n i n g  



w 
3 

1 00. + 

84. + 

:s. + 

70. 0+ 

65. 0+ 

60. 0+ 

:s. 

. 
w :so. 0+ . 
Cl 
w 
> 
0:: 
w -� 45. 0+ 

0 -

40. 0+-
40. 0 

24. 43. 62.. 81 .  
S IMULATED M I L K  Y I ELD ( KG )  

46. 0 :S:Z. O :SB. O 
S IMULATED EWE U� ( KG )  

64. 0 

100. 

" 70. 0 

F i g ure 7 . 12 Observed a n d  s i mu l ated mi l k  yi e l d  ( top ) and ewe l i vewe i gh t  
( bottom ) . T h e  equati on observed rat� - � s i mu l ated ��te i s . 
g i ven by the s o l i d  l i ne s . 



146  

su g gested good agreement between the two (Ta b l e  7 . 1 3 } . S i mu l ated 

i ntake  and  ewe wean i n g  wei ght s a l s o  s howed accept ab l e t rends . 

These  compar i sons  estab l i shed a good dea l of  conf i dence i n  the 

l a ct at i on ,  l amb growth component of  the mode l . 

7 . 6 . 4 Wool 

Comp a ri sons between act u a l  a nd s i mu l ated woo l growth rates were 

made i n  t he  foregoi n g  eva l u at i ons whe re poss i b l e  (e . g .  see Appendi x C ) .  

O f  neces s i ty ,  woo l  p roduct i on for each t reatment was cons i dered to be 

i n  equ i l i b r i um  at the  s t a rt of the s i mu l ated t r i a l . Thi s was 

o bvi ou s l y  i nadequate for t ri a l 2 comp a ri s ons of Sumner and R att ray 

( 1 980 } , where carryover  effect s of p revi ou s nut r i t i on we re obvi ou s . 

W i t h th i s  except i on ,  wh i ch was not a probl em w i th the model , the 

comp a ri sons  we re sa t i s factory .  

To a l l ow i n spect i on of  woo l g rowth rate p red i ct i ons i n  the  more 

f ami l i a r  te rms of annu a l  f l eece wei ght , the model  was organ i s ed to  

p redi ct hogget fl eece wei ght ( 1 2  months growth ) f rom i nt akes 

des i gned to ach i e ve fou r l i vewe i ghts  by Janu a ry 1 s t .  Al so , s i n g l e 

a nd twi n -hea ri n g  ewe f l eece we i ght wern p redi cted from the re spect i ve 

req u i reme nts for a 5 5  k g  ewe .  The l i nea r re l at i onsh i p  between hogget 

l i vewei ght  and f l eece wei ght , noted by Hawke r  ( 1 98lb } ,  was apparent 

( F i g .  7 . 1 3 ) .  P redi cted f l eece wei gh ts fo r s i ng l e and tw i n-bea ri n g  

ewes we re  4 . 4 5  a nd  4 . 4  k g ,  respect i ve ly  • P redi cted f l eece wei ght fo r  

twi n-bea r i n g  ewes g i ven the  same i ntake as  thei r s i n g l e-bea ri n g  

comtempor i es was 4 . 2 5  k g .  The annu a l  rhythm o f  ew e  wool growth i s  

s hown i n  F i g .  7 . 1 4 .  These  p redi ct i ons showed that  mode l p redi ct i ons 

of woo l g rowth were rea l i st i c .  
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TABLE 7 . 1 3 :  Compar i son o f  mode l p redi ct i ons of pastu re i ntake du ri n g  
l act at i on ,  a n d  ewe a n d  l i tter  weani ng wei ghts , wi th  
t hose of  Ratt ray et .!]_. (l 982b)t 

Pasture Pasture Intake kg IJ-1/h/d Ewe l i v�ig,t (kg )  
Co�r A 1 1  CAt�ance Actual Sirrulated Actualtt Sirrulated 
(kg IJ-1/ (kg rJ.1/ 

ha) h /d) 

2 100 2.0 1 . 5  1 .46 43.0 41.8 
4 .2  2.0 2.04 49.8 50.8 
5.8 2.0 2.23 54.0 54.1 
8.2 1 .8 2.35 57.2 56.2 

1 0.2 2.3 2.40 56.1 56.8 

2300 2.0 1 .6 1 .39 45.5 43.4 
4 . 1  2.1 2.03 50.9 52.9 
6.0 1 .9  2.24 53.0 56.4 
8.1 2.0 2.35 56.2 58.3 

1 0.7 2.3 2.42 57.2 59.2 

3600 2.0 1.6 1.43 43.0 41 .6 
4.1  1 . 9  2.10 49.8 51.9 
6.1 1 .6  2.32 54.1 55.6 
8.1 1 .9 2.42  51.9 57.2  

1 0.3 2.4 2.47 57.2 58.0 

4 140 2.0 1 .6 1 .43  48.7 43.8 
4.1 2.1 2.07 50.9 53.8 
6.0 2.4 2.30 54.1 57.2 
7 .q 2.2 2.40 53.0 58.9 

1 0.6 2.3 2.46 55.1 59.9 

t L i t t e r  s i z e  corrected to  1 . 5 l ambs /ewe 
t t  F a s ted  LWT*1 . 0 6  

Li tter weani ng wei g,t (kg ) 
Actual Sirrulated 

25 22.6 
31 30.9 
31 32.4 
34 33.6 
35 34.2 

24 21. 7  
29 30.2 
31 32.4 
34 33.7 
34 34.4 

23 22.0 
28 30.9 
30 33.2 
32 34.3 
34 34.8 

25 22.2 
30 30.6 
32 32.8 
34 34.0 
34 34.8 
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7 . 7  SUMMARY 

Mode l  devel opment u nde rt aken by ca l i brat i ng major  pa rameters 

a ga i nst  set s  of rea l  data , a n d  subsequent va l i dat i on tests made on t he 

va ri ou s components  o f  the mode l were descr i bed i n  th i s  Chapter.  B oth  

stat i s t i ca l  (w h i ch were descri bed i n  some det a i l )  a n d  su bject i ve 

goodness-o f - f i t  tests  were u s e d  to assess  the  acceptabi l i ty of 

ca l i brated mode l s t ru ct u re .  O f  necess i ty ,  model  va l i d i ty was 

dete rmi ned i n  a pu re ly pe rsona l  and subject i ve manner. Th i s  person a l  

j u dgement was howeve r  backed by the appa rent a cceptance of the model 

by a ra n ge of ' e xpe rt s ' at t h ree semi nars , where mode l predi ct i on s  

were u n de r  scrut i ny .  

The  ' de ve l oped ' model was con s i de red va l i d  i n  the sense that i t  

appea red t o  show the  requ i red rea l i sm ( dete rmi ned su bject i ve ly )  for 

t he pu rpose of eva l u at i n g a l te rnat i ve graz i n g ma na gement strateg i es  on 

North I s l an d  h i l l  cou nt ry .  
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H a vi n g  va l i dated components of the model w i th i n  p redef i ned 

l i mi ts , and  ga i ned  confi dence i n  i t s a bi l i ty to  p red i ct system 

performa nc e ,  the  next step was to i n ve st i gate opportu n i t i es for 

i nc reas i n g  system pe rformance.  Th i s  was u ndertaken i n  two stages . 

I n  t he fi rst stage ,  the  effect s of  di fferent mana gement  dec i s i ons  

o n  sy stem p roduct i vi ty and  p rof i tab i l i ty were as sessed . Ma xi mum 

p rof i t ab i l i ty was est i mated fo r a range of d i fferent condi t i on s .  An 

a ttempt was  then ma de t o  est i mate t hose mana gement deci s i on s  that 

wou l d  p roduce ma xi mum  p rofi tab i l i ty across  a ra nge of seasons . These 

a re refe r re d  t o  as  the  opt i ma l  mana gement dec i s i on s .  I t  must  however 

be recogn i s ed that thes e  opt i ma l  dec i s i on s  a re l i mi ted to a g i ven set 

of cond i t i ons . 

I n  t h e  second stage ,  i n c rea ses  t o  max i mum prof i t ab i l i ty ,  from 

i nt rodu c i n g  i nnovat i on s  and hypothet i ca l  new techno l ogy i n  to the 

sys tem ,  were i n ve s t i gated .  I n novat i on s  i nc l uded strategi c u se  of 

n i t rogen  a n d  i mmu ni sat i on of ewes t o  i nc rease ovu l at i on rate , wh i l e  

hypothet i ca l  chan ges t o  va ri ou s  l i mi t i n g p rocesses were made to  a s sess  

t he benef i t s  from h a vi n g  the t echn ol o gy to  bri n g  abou t the  as sumed 

change .  

T o  con c l ude  the  ana lyses , the  sens i t i vi ty of prof i t abi l i ty u nde r 

opt i ma l  gra z i n g  management dec i s i on s  was i n vest i gated i n  re l at i on t o  

c hanges  i n  s ome pa rameters wh i ch h a d  not been cal i brated . 
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8 . 2  EFFECTS OF MANAGEMENT DEC I S I ONS 

8 . 2 . 1  Experi menta l  Desi gn 

A major  p rob l em wa s the pot ent i a l  s i zel and  comp l e xi ty of an  

e xpe ri ment where several stock c l asses were cons i dered. An 

e vo l u t i ona ry app roach to experi mentat i on2 was con s i dered ,  to reduce 

t he number of t reatments req u i re d .  However th i s  app roach req u i res a 

l a rge amount of rea l t i me  to  i nteract wi th the model i n  obta i ni ng  an 

u nde rstandi n g  o f  management ef fects on sy stem ou tpu t .  To redu ce the 

s i ze  of  the experi ment to ma nageab l e  p roport i ons , the s cope of the 

sy stem was cu rbed to i nc l u de ju s t  the b reed i n g  ewe f l ock , sel l i n g a l l 

l ambs a s  store s .  Th i s  meant t h at the effect s of management deci s i ons 

r e l ated to  sea s ona l p ri or i t i es for feed between the ewes and other  

c l a s ses  of  stock 3 cou l d  not be  s tu di ed .  

M a na gement deci s i on va r i ab l es stu d i ed i nc l u ded graz i n g rot at i on 

l en gt h  at t h ree speci f i ed t i mes of the yea r ,  proport i on of the  fa rm 

ret i red from graz i n g du ri n g  l at e  spri n g  for pastu re cont rol , l ambi n g  

d ay a nd stock i n g  rate .  E ach rlec i s i on vari a b l e  was rep resented a t  one 

o f  t h ree l e ve l s .  The ba s i c  expe ri menta l  des i gn wa s a t h i rd rep l i cate 

of a 3 * 6 fact ori a l  ( see Append i x D ) .  W i t h i n  each stock i n g rate the 

l e ve l s  of  the other deci s i on va r i ab l e s  we re chosen i ndepen dent ly , 

s i nce for exampl e ,  what may have been a feas i b l e  l ambi n g  day at a l ow  

s tock i n g rate  may not have been s o  at a h i gh stock i n g r ate . 

lp robl ems of s i z e a re d i s cu s sed i n  Ch apte r 3 and  i nc l u de amount  of 
c omputer  t i me requ i red and  d i ff i cu l t i es wi th  i nterpret i n g  l a rge 
v o l umes of res u l t s .  

2 Us i n g a n  evo l u t i ona ry app roach to  experi menta l  des i gn a dec i s i on 
i s  made on each t reatment i n  sequence , based on k now l ed ge ga i ned  
f rom the  prev i ou s  experi ments .  

3An e xamp l e  wou l d  he  adj u st i n g  ewe stock i n g  rate season a l ly to  make 
more or  l es s  l a n d  a va i l ab l e  fo r graz i n g by other  c l asses  of  stock 
( e . g .  McC a l l ,  1 984 ) .  
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A hypothet i ca l  f arm o f  su rveyed a rea 1 00 ha , d i vi ded i n to 30 

e q ua l ly s i zed  p addock s ,  was as sumed . St ock i n g rates  we re ca l cu l ated  

on  a su rveyed a rea b a s i s a l though actua l  l a nd a rea was  assumed  t o  be  

1 1 5 h a .  to  accou nt for  the  a dd i t i ona l a rea  a s soc i ated with  the  une ven 

t erra i n o f  h i l l  cou n t ry ( G .W .  Sheath pers . comm. ) .  

T he  year  was d i vi ded i nt o  f i ve peri ods . These were : 

( 1 )  The f i rst  30 days of  l ambi n g  whe re a l ternat i ve s were 

s et - st ock i n g ,  o r  a 1 5  o r  30-day rot at i on ,  to rat i on the feed bu i l t u p  

by  the  w i nter  rotat i on . 

( 2 )  The  peri od o f  h i gh pa stu re growth rates , from mi d-Novembe r 

u nt i l  J a nu a ry 20 , when t h ree d i f fe rent port i on s4 of the fa rm were 

ret i red f rom g raz i n g  i n  an  e ffort t o  ma i nt a i n  cont rol , and  hence 

p a stu re q ua l i ty ,  on t h e  grazed a rea . Ewes and l ambs rema i ned 

s et - s t ocke d  on  the g razed a rea u nt i l l amb se l l i n g ,  at whi ch t i me ewes 

c ommenced on a rotat i on ,  spendi n g  1 day per paddock . 

( 3 )  F rom Ja nu a ry 20  u nt i l 4 week s pr i or  to  tupp i n g ,  when a 

s er i es  o f  s h i fts  based on  2 day s/paddock was emp l oyed.  Each s h i f t  was 

t o  t he p ad dock w i t h  the h i ghest  l eve l of OM/ha . Th i s ensu red 

p rev i ou s ly ret i red padd ock s ,  whe re p resent , were ' c l eaned u p ' fi rst  

and  h i gh q u a l i ty cont rol l ed feed was  bu i l t up  for f l u s h i n g .  

( 4 )  T h e  f l u s h i n g  p h a s e ,  wh i ch e xtended for 6 week s . A l t e rnat i ves 

were a 1 5  o r  3 0-day rot at i on t o  f l u s h  the ewe s ,  or  a 60-day rotat i on 

where f l u sh i n g  was s a c r i f i ced to  bu i l d-up feed for sta rt i ng the  w i nter  

r otat i on .  

( 5 )  The w i nter  peri od , wh i ch commence d fo l l owi ng  f l u sh i n g a n d  

t e rmi nated a t  t h e  s t a rt of  l ambi ng .  Th ree a l ternat i ve rotat i on 

l en gt h s  we re stud i ed .  These were a 60 ( re l at i ve ly fast ) ,  90,  and  a 

4The act u a l  a l ternat i ve s  stu d i ed va ri ed w i th stock i ng rate . 
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1 20-day ( l on g )  rotat i on ,  des i gned to  t ra n s fe r  di ffe rent amounts  of 

feed th rou gh u nt i l l ambi n g . 

A l l l ambs we re s o l d on a common date.  I n i t i a l ly th i s  was  

December 3 1 ,  but  was  s u bs equent ly  ch a n ged t o  J a nuary 20 . 5 

R otat i on l en gt h  at f l u sh i n g  was chosen  a s  the va ri a bl e t o  be 

i ncomp l et e ly rep rese nted i n  the f ra ct i ona l facto r i a l  des i gn .  

E st i mates o f  the mi s s i n g  combi nat i on s  of the fu l l  factor i a l  we re 

�redi cted by regres s i on ana lys i s f rom a fou rth order po lynomi a l , 

f i tted to  the  dat a .  An  opt imum l amb i ng  day was  est imated for  each 

combi nat i on o f  the graz i n g  deci s i on va ri ab l es  f rom the app rop r i ate 

s econ d order  p o lynomi a l  i n  te rms of l ambi n g  day . The deci s i on not to  

der i ve opt i ma for  the graz i n g dec i s i on va r i a b l es  was  based on the 

reason i n g  that  they were not t r u ly cont i nu ou s ,  s i nce l e ve l s were 

constra i ned t o  be mu l t i p l e s of the n umbe r of  paddock s i n  the system. 

A fou r d i men s i ona l response su rface was  therefore const ru cted for each 

s tock i n g  rate  based on  the  gros s ma r g i n for  each combi nat i on of the 

f ou r  g raz i n g deci s i on va r i a b l e s , and  the opt i mum l ambi n g  day for 

e a ch comb i nat i on ( examp l e s of these response surfaces a re g i ven i n  

A ppendi x F ) .  

A t  a ny stock i n g rate three phy s i ca l  res ponse va r i a b l es we re of 

i nterest i n  a s ses s i n g  the i n f l uences  of man a gement on p roduct i on .  

These  were ewe f l eece wei ght , l a mb s e l l i ng we i ght , and l ambi n g  
I 

p ercentage .  To acco'u nt for  these response va r i a b l e s  s i mu l t a neous ly  

t hey were comb i ned i nto a s i n g l e  gros s ma r gi n i n dex wh i ch was  adju sted 

f or costs  att r i butab l e to  stock i ng rate. The  i n dex was :  

5see Sect i on 8 . 2 . 3 . 3  for  fu rt her  d i s cu s s i on o n  these dec i s i on s .  
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GM = WWHA * 3 . 2  + WLS * PPG - SR * 1 1 . 44 

w he re :  GM was  gros s ma rgi n ( $ / h a ) ,  WWHA wei gh t of woo l /ha (k g ) ,  

WLS  wei ght o f  l amb so l d/ha  ( k g ) ,  P PG  pr i ce/k g of  l amb at sel l i ng ,  a nd  

SR  w i nter  s tock i n g ( ewes /h a ) .  

A s su med do l l a r  va l ues  for WWHA , PPG and  SR are e xp l a i ned  i n  

A ppendi x E .  

8 . 2 . 2  C l i mat i c  V a r i abi l i ty 

T he s i te · s i mu l ated was B a l l ant rae HCRS . Det a i l ed c l i ma t e  

d at a  f rom B a l l ant rae d i d not cover a su ff i c i ent peri od o f  t i me t o  

a l l ow c l i ma t i c va r i ab i l i ty t o  be ca l cu l ated u s i n g  h i s to rica l resu l t s ,  

s o  a rb i t ra ry yea rs were con st ru cted  t o  rep resent t he major  

v a ri at i ons  i n  c l i mate (e . g .  M i l l e r ,  1 983 ) .  Thi s was  done from 

a va i l a b l e data  w i t h  the  a i d  of  l on g-term c l i mate summa ri es . 

A n  a ve ra ge yea r ,  made u p  of  a ser i es of  avera ge months , was 

c h a racter i sed by re l a t i ve ly col d w i nters , warm l ate  spr i n gs ,  and  mo i st 

s umme rs and  a utumns . Major  dep a rtures  f rom the a verage were e i ther  

l a t e  or  ea r ly s t a rt s  t o  s p ri n g ,  p roduced by va ri ati on i n  radi at i on and  

t emperatu re between Au gu st and Octobe r ,  and  wet or  d ry l ate 

s u mme r-ea rly autumn s .  Accord i n gly , f ou r  add i t  i on a 1 yea rs were 

co n s t ru cted f rom t hese combi nat i on s .  H a rs h  ext remes wh i ch occu r 

ve ry i nf requent ly we re a voi ded .  

H a vi n g  c reated representat i ve y ears  i t  remai n ed t o  dec i de how 

t h ey s hou l d  be s amp l ed .  T he method adopted was  to  a l l ow the mode l to  

run  u nt i l the  system reached equ i l i br i um  for each yea r. Thi s app roach 

y i e l de d  i nformat i on on the  potent i a l va r i ab i l i ty between the  e xt remes 

o f  the best  s i tu at i on o f  a se ri es of good years , and the wor s t  
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s i t u at i on of a s e ri es  of  poor years . Net  pastu re growth rates under 

s i rru l ated 6-week ly  cutt i n g  a re gi ven i n  Ta b l e 8 . 1  for  each yea r type .  

The  potent i a l  growth  rate pa rameter ( P SLOPE ) was set at  0 . 02 7  to  

p roduce annu a l  y i e l ds of DM/ha  s i mi l a r  to ,  or  s l i ght ly above , l e ve l s  

o n  t he  most fert i l e  s i tes at B a l l ant rae (Lambert � �. ,  1983 ) . Th i s  

was  cons i dered t o  be a l e ve l  c l ose to the potent i a l on we l l deve l oped 

N I HC fa rms . 

TABLE 8 . 1 : Net pasture growth rates ( k g  DM/ha /day ) i n  rep resentat i ve 
y ea r s  u nder s i mu l ated 6 week ly cutt i n g  

Yea r Ty pe 
Wet D ry Ear ly  Late 

Oate  Ave rage Autumn Autumn Spri n g  Spri ng  

B egi nn i ng  Mi dd l e 

1 / 9 2 1 / 9  24 . 4  2 4 . 4  24 . 4  28.4 23 . 9 
1 3/ 1 0  2/1 1 66 . 7  66. 7 66 . 7  68. 5 6 1 . 0  
24 / 1 1  14/ 1 2  7 7 . 0  7 6 . 9 7 7 . 3  7 7 . 2  7 2 . 6  
5 / 1  2 5 / 1  4 5 . 0  58. 7 29 . 1  45 . 2  4 3 . 9  

1 6/2  8/ 3 40 . 9  62 . 2  34 . 7  4 1 . 2  40 .4  
30/3  1 9/4 31 . 1  35 . 2 26 . 5  31 . 2  30 . 7  
1 1 / 5  3 1 / 5  1 6 . 6  1 6 . 8  1 6 . 6  16 . 7  1 6 . 5  
2 2/6  1 2/7  6 .8  7 . 3  7 . 2  6 . 2  7 . 2  
3 /8  1 7/ 8  1 9 . 7  18 . 7 1 8 . 7 22 . 8  1 3 . 8  

A n  nu a 1 k g  DM/h a 13536 1 51 66  1 24 1 0  1 387 1 1 2845 

8 .2 . 3  Resu l t s  of Mana gement E xperi ments 

A major  object i ve of graz i n g  ma nagement i s  to  mani pu l ate  feed 

s u pp ly  and dema nd  i n  orde r t hat ani ma l  req u i rement s may be bes t  met 

f rom the pattern of pastu re growth • Owi ng  to  the i mportance of  

c l i mate i n  dete rmi n i n g the bas i c  pattern of pastu re growth ,  the 

e ffect s of graz i n g deci s i on s  were fi rst stu d i ed for an a ve rage 
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yea r t o  p ro vi de a bench ma rk agai n st whi ch opti ma l  deci s i ons  i n  other 

y ea rs _ cou l d  be compa red.  

8 . 2 . 3 . 1  A ve rage Ye a r  Resu l t s  

F o r  each of t h e  stock i n g rat es , 1 4 , 1 6  and 1 8  ewes /ha , the 

e xp e ri me nt out l i ned i n  Sect i on 8 . 2 . 1  was conducted.  E xamp l es of t he 

respon se s u rfaces for  each stock i n g rate ,  expres sed i n  te rms of  gross 

marg i n /h a  a t  the opt i mu m  l ambi n g  day for each comb i n at i on of  graz i ng 

d ec i s i on ,  a re p resented i n  Append i x F .  The  re l at i onsh i p between 

l ambi n g  day and gross ma rgi n ,  for t he best and worst comb i nat i on s  of 

g raz i n g  dec i s i ons  at each stock i n g rat e  ( c i rcl ed i n  Appendi x F ) ,  a re 

s hown i n  F i g . 8. 1 .  

M a x i mum  g ross  ma rgi n i n crea sed w i t h  stock i n g  rate ,  u p  to  1 8  

ewe s /h a .  T h e  ra n ge i n  gross ma rg i n between the ' best ' and 'worst ' 

manageme nt  w i th i n ea ch s tock i n g rat e ,  a l s o i nc reased w i t h  stock i ng 

r a t e ,  i mp ly i n g t h at i mp roved ma na gement att racted greater rewards at 

h i gh s tock i ng rate s .  

S i nce the  h i ghest gros s ma rg i n ,  a nd  the greatest sens i t i vi ty to  

mana gement we re recorded at 1 8  ewes /ha , effects of man a gement at  t h i s 

s t ock i n g  rate a re descri bed i n  s ome deta i l f i rst . 

T he s et of management dec i s i on s  t h at gave ma xi mum  gross ma rgi n a t  

a stock i n g rate of 1 8  ewes/ha  were :  a l on g  wi nter ( 1 20  day ) and ear ly  

s p ri n g  ( 30 day ) rotat i on ,  re l at i ve ly ea r ly l ambi n g  ( day 241 ) ,  ret i ri n g  

o ne-s i xt h  o f  the farm ( 5  paddock s )  f rom graz i n g between mi d -November 

a nd mi d -J a n u a ry ,  a nd  a l on g  rotat i on du ri n g  f l u s h i n g  (60  days ) .  

T he former two deci s i ons h a d  the  g reatest i mpact ( see F i g . 8 . 2 ) ,  

p a rt i cu l a r ly  when combi ned wi th  ea rly l ambi ng .  I ncreas i n g the  l en gth  

of  t he w i nter  rotat i on ,  and  cont i nu i n g a rotat i on i nt o  ear ly sp ri n g ,  
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great ly i mproved t he  performance o f  ea r ly l ambi n g  systems . I n  l ater  

l amb i n g  systems the effect was  n ot as  g reat . 

T h e  resu l t s  of s i x t reatments we re chosen to reve a l  the phys i c a l  

reasons  beh i nd the  above observat i on s .  T h e  t reatment s i n c l u ded  t h ree 

c omb i nat i ons  of wi nter/s p ri ng rotat i on l en gth  { 1 20/30 , 1 20/0 and 60/0 ) 

by two l ambi n g  day s ,  day 234 and  day 2 54 .  Rotat i on l e ngth at f l u s h i n g  

was  not i dent i c a l  between t reatments  becau se certai n treatments we re 

m i s s i n g  from the  da ta owi n g to t he u se of the fract i ona l factori a l  

des i gn .  However a l l other  deci s i on s  were i dent i ca l  between 

t reatments . 

G raz i n g deci s i ons  and phys i ca l  re sponse va ri ab les  for the above 

t reatments a re g i ven i n  T ab l e 8 . 2 .  S ome addi t i ona l  phys i ca l  resu l t s 

a re s h CM n  i n  F i g .  8 . 3  ( t reatment s 1 a nd  3 )  and  8 .4  (t reatment s 4 to  

6 ) .  

T a bl e 8 . 2 :  Graz i n g dec i s i ons  and  phy s i ca l  components o f  p rodu ct i on 
for  t reatments 1 t o  6 

Treabrent Wi nter Spring Larrbing �. Paddock Flushing Larrb Larrbing 
No. Rotatioo Rotatioo Day Retired Rotation Sel l i ng Lwr % 

(Days) {Days) {Oays) {kg) 

1 120 30 234 0 60 27.4 10+.3 
2 120 0 234 0 30 25.1 101.4 
3 60 0 234 0 15 21.0 103.2 
4 120 30 254 0 15 25.1  109.1 
5 120 0 254 0 60 25.0 106.9 
6 60 0 254 0 30 23.1 107.3 

I n c rea sed pasture cover at l ambi n g  res u l ted f rom the  l on g  wi nter  

rotat i on at  both l ambi n g  days , and rat i on i ng of  feed i nt o  ea r ly 

l actat i on ensu red that cover was  ret a i ned u n t i l spri n g  growth 

Ewe 
FLWT 

{kg)  

4.67 
4.59 
4.66 
4.47 
4.46 
4.54 
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comme nced ( s ee F i gs 8 . 3  a nd  8 .4 ) .  The  ma jor  ef fect of  t h i s  i n c reased 

c ove r was to  p romote greater  pastu re growth i n  ea rly spri n g ,  wh i ch i n  

t u rn s u pported greater  cons umpt i on . A s  wel l ,  the  ene rgy cost t o  ewes 

of h a rvest i n g t h e  pa stu re was  redu ced. 
( 

F o l l ow i n g  ea rly l amb i n g  (F i g. 8 . 3 ) ,  prol onged u nder-nut ri t i on i n  

e a r ly l acta t i on ( t reatment 3 )  cou l d  not be comp l ete ly bu f fered by the  

ewe and  a l so dep res sed mi l k  p roduct i on i n  l ate l actat i on .  As  we l l ,  

p a stu re i ntake  by the  l ambs wa s rest ri cted by pas ture a va i l abi l i ty at  

t h e  t i me t hey comme n ced graz i n g.  C onsequent ly , rumen capaci ty i n  

t reatment 3 l ambs wa s l es s  wel l deve l oped so  that they a l s o  ach i eved 

l ower  i ntakes  when pastu re a va i l a b i l i ty d i d become non- l i mi t i n g .  Th i s 

l ed t o  the  accumu l at i on o f  a greater  s p ri n g  su rp l u s  i n  t reatment 3 

w i th  a n  a s s oc i ated  greate r  dec l i ne i n  pastu re qua l i ty .  A di fference 

o f  6 .4 k g  ( 2 7 .4 v. 2 1 . 0 )  ex i sted between l ambs i n  treatment  1 a nd  3 on 

De cembe r 3 1 .  Ewe l i vewe i gh t , des p i te  bei n g  l ower p re-l amb i n g  on t h e  

t reatment 1 sy stem wa s  h i gh e r  by ea r ly Octobe r ,  a n d  rema i ned  s l i ght ly 

h i ghe r  u nt i l l at e  Apr i l .  

W hen l ambi n g  day wa s de l ayed fu rth e r  i nt o  spr i ng  (F i g . 8 . 4 ) t h e  

ewe s  i n  t reatme nt 6 a l most  comp l et ely bu f fered thei r l a mbs  th ro u gh 

t h e  s h orte r per i od  o f  feed restri ct i on ,  and  growth wa s ahead  o f  

consump t i on by t h e  t i me  l amb s  commenced graz i n g .  I n  t reatment 4 the 

p rob l e m  o f  cont ro l l i n g the  s p ri n g  su rp l u s  was compounded by 

rest r i ct i n g  i nt a ke  i n  ear ly l a ct at i on th rou gh de l ay i n g  set-stock i n g 

( compa re t reatment s  4 a nd  5 i n  F i g .  B . 4 ) .  The advant age gai ned i n  l amb 

we i g h t  th rou gh a h i gh e r  pastu re cove r i n  October,  i n  the forme r 

t reatme nt ,  was l os t  by December 3 1  ow i n g  to a dec l i ne i n  pastu re 

q ua l i ty .  Ewe l i vewei gh t  rema i ned h i ghe r  i n  t reatment 4 than  

t reatments  5 and  6 however ow i n g  to  t he a dvantage gai ned i n  ea r ly 
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l actat i on f rom mo re of t he ewes • energy needs bei ng  met from i nt a ke .  

Th i s  ref l ected i n  a h i gh e r  l ambi n g  pe rcentage .  

D e l ayed l amb i n g h a d  two fu rther  effects . F i rst ly , mi n i mum ewe 

l i vewei ght i n  s p r i ng  was h i gh e r  fol l owi n g  l a te l ambi ng  ow i n g to t he  

p rox i mi ty of l ambi ng  to the  ons et o f  spr i n g  pastu re growth .  T h i s 

refl ected i n  h i g her  ewe l i vewei gh ts at other t i mes of the yea r ,  and  

hence h i ghe r l ambi n g  percentages . Second ly , fo l l ow i n g  l ater  l amb i n g ,  

t h e  effect of compet i t i on on woo l growth f rom l a ctat i on was g reate r ,  

becau se potent i a l  woo l  growth rates i n crease  wi t h  the advancement of 

s p r i n g .  

Benef i t s f rom the  tempora ry ret i r i n g  o f  pastu re from graz i n g i n  

l ate  s p r i ng  came f rom i mp roved pastu re q u a l i ty on the cont rol l ed a reas  

a nd  we re ref l ected i n  h i gh e r  l amb se l l i n g we i ghts . Gene ra l ly bene f i t s  

f rom hav i ng h i gh q ua l i ty pastu re ava i l a b l e for  f l u s hi ng  di d not 

mater i a l i s e .  Th i s  was due to the greater l i vewei ght l oss , or sma l l e r 

g a i n ,  i n  ewes c l e a n i n g  u p  pastu re prev i ou s ly ret i red i n  summe r ,  and  

was  not compensated by the f l u s h i n g response . An  i nteract i on occu rred 

between l ambi n g  day and t he l e ve l of  ret i ri n g  req u i red to  ma i nta i n 

cont ro l of the grazed a rea . 

F i gu res 8 . 5 a nd 8 . 6  show the phys i ca l  resu l t s  of two t reatments  

where e i ther none , or one-t h i rd ,  of  the fa rm was  ret i red fo l l ow i n g  

e a r ly  o r  l a te l amb i n g .  The  graz i n g deci s i ons  and phys i ca l  response 

var i a b l es a re g i ve n i n  Tab l e 8 . 3 .  I t  can  be s een that  fol l owi n g  l ate 

l amb i n g  { F i g . 8 . 6 ) a g reater l e ve l of ret i ri n g was requ i red to  

mai nta i n  cont ro l . The  same l e ve l of ret i ri n g  fo l l ow i n g  ea rly l amb i n g  

c au sed  a pastu re rest r i ct i on i n  Decembe r (F i g . 8 . 5 ) .  
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T a b l e 8 . 3 :  G raz i ng dec i s i on s  and  phy s i ca l  components of  p rodu ct i on 
f or t reatment s 7 to 10 

Treatrrent Wi nter Spring Larrbi ng No. Padcbck Flushing Larrb Larrbing 
No. Rotation Rotatioo Day Retired Rotatioo Se 1 1  i ng I..Wf % 

(Days) (Days} (Days} (kg )  

7 120 30 234 0 60 27.4 104.3 
8 120 30 234 10 15 26.6 103.3 
9 120 30 254 0 15 25.1 109.1 

1 0  120 30 254 10 60 26.0 109.9 

F i na l ly ,  t he  net  e f fect of di f ferent rotat i on l en gths  at f l u s h i ng  

w e re sma l l  but fa vou red the  60-day rotat i on .  Lambi n g  pe rcent age was  

pena l i sed on ly s l i ght ly as  there was no short a ge of  feed at  t h i s t i me 

o f  t h e  yea r ,  hut  l amb wean i n g wei gh t e ventu a l ly bene fi ted  from the  

res u l t i n g  greate r  vo l ume o f  feed t ra n s ferred i nto s p ri n g .  

I n  summa ry ,  s i gn i f i ca nt  effect s of  management on the  component s 

o f  p rodu ct i on were: ( a ) l amb se l l i n g  wei ght responded favou rably to  

l on g  rotat i on s  o ver f l u sh i n g and  wi nter ,  together w ith  an  ear ly  spr i n g  

rot at i on .  Th i s  ma na gement i mp roved nut r i t i on of  t h e  ewes i n  ear ly 

s p r i n g ,  a l l ow i n g an ea r ly  l ambi n g  day , to  take  advantage of  greater  

l amb a ge at  s e l l i n g .  R et i ri n g s u ff i ci e nt a rea to  ma i nta i n  cont ro l  o f  

t h e  g razed  a rea  i n  l at e  s p r i n g  a l so  i nc reased l amb wei ght .  

S i g n i f i cant  e ffects a re s h own i n  F i g . 8 . 7 .  

( b )  Lambi n g  percent age was c l ose ly  rel ated to mi n i mum  ewe 

l i vewei ght  i n  t he  s p ri n g  s i nce t h i s  we i ght determi ned ach i e vab l e 

a u tu mn l i vewei ght s .  Late  l ambi n g, and a 30-day spri n g  rotat i on ,  

i mp ro ved  mi n i mu m  ewe l i vewe i gh t  i n  spr i n g  and  hence l ambi ng  

p erce nt a ge .  F l u sh i n g ,  a nd  i ncreased amounts o f  h i gh q u a l i ty pastu re 

Ewe 
FLWT 
(kg }  

4.67 
4.60 
4.47 
4.54 
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( b )  Lamb i ng day x no . paddocks  
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i n  autumn , produced by ret i ri n g part of the  fa rm i n  1 ate spr i n g ,  bot h  

g a ve sma l l  adva nta ges . Mean effect s a re s hown i n  F i g .  8 .8 .  

( c )  F l eece wei gh t s  we re dep ressed fo l l owi n g  l ate l ambi n g .  Oth e r  

e f fect s  were sma l l .  I n c reased s p ri ng  and  w i nter rotat i on l en gt h  h a d  

p o s i t i ve and  negat i ve e ffects respect i ve ly ,  a n d  l e ve l of  ret i r i n g 

i nteracted w i t h  l amb i n g  day . S i gn i f i cant  e ffect s are shown i n  

F i g . B . 9 . 

T he pr i nc i p l es e s t a b l i shed for ach i e vi n g  h i gh pe rformance at  1 8  

ewe s /h a  a l s o app l i ed a t  the  l owe r  s tock i n g rates . Howeve r  because t he 

feed  dema n d  i n  ea rly s p r i n g  was not as h i gh ,  respon ses to graz i n g 

d ec i s i ons  a i me d  at i mp rov i n g  s p ri ng  nut ri t i on were a l so not as great . 

De sp i t e  t h i s  the ea r l i es t  l amb i n g  day made pos s i b l e  by a l on g  w i nter  

a n d  s p ri n g  rotat i on rema i ned opt i ma l . However at 1 4  ewes/ha  a s p ri n g  

r ot at i on was  more i mpo rt ant than  the  l on g  w i nter  rotat i on i n  ach i evi ng  

t h i s  goa l . Cont rol of  t h e  graze d a rea for the  sake  of  l amb se l l i n g 

we i ght  a l s o rema i ned des i rabl e ,  bu t req u i red a greater l e ve l of  

ret i r i n g  at  l ow stock i n g rates . Th e  maj o r  change was the 

d e s i rabi l i ty o f  f l u sh i n g  at  1 4  ewes /h a .  

Re su l t s  o f  t reatment s w i t h  deci s i on s  c l osest t o  those o f  the 

e s t i mated maxi mu m  gross ma rg i n  for each stock i n g rate a re gi ven i n  

T a b l e 8 . 4 a n d  for  14 a n d  18  ewes /ha i n  F i g .  8 . 1 0 . Effect s  of  stock i n g 

r at e  on per  head  performa n ce and  consumpt i on a re as expect ed.  The 

t ra de-off  between l ow  p a s tu re growth ra tes f rom rank pastu re t h rou gh 

l at e  summe r u nt i l  mi d -w i n te r  at 1 4  ewes /ha , a nd  l ow growth rates f rom 

s hort pasture i n  s p ri n g  at 18 ewes/ha , meant t hat greatest  annua l  

p astu re growth wa s ach i eved at a stock i n g rate  of  16  ewe s /h a .  
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TABLE 8 . 4 :  A su mma ry of major resu l t s  for t reatments w i t h  deci s i ons c l osest to  est i mated ma xi mum 
g ross margi n for each stock i n g rat e 

Stocking Lanbing Wi nter Spring Flushing tb. Pasture Consunptioo Consunptioo Pasture Lanb Lanbing 
Rate Oqy Rotation Rotation Rotation Paddocks Grcwth Uti l isation Sel l i ng LWT 

(ewes/ha) (Days) (Days )  (Days) Ret ired (kg rJ.1/ha) (kg rJ.1!ha) (kg rJ.1/ewe) Rate (%) (kg )  (%) 

14 2:Il 120 30 15 15 12� 7528 618 58.0 31.1 110.4 . 

16  237 120 30 60 12 13115 8246 593 62.9 29.3 109.9 

18  244 120 30 15t 5 12838 8567 547 66.7 26.9 107.7 

t 60 clay treatrrent 'mi ssing• 

Ewe 
FLWT 
(kg) 

4.91 

4.83 

4.61 
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8 . 2 . 3 . 2  Resu l t s  i n  Non-Average Yea rs 

A summa ry of the ma x i mum and  mi n i mum gros s ma rgi ns for each 

s ea son by s tock i n g rate combi nat i on i s  g i ven i n  Ta b l e  8 . 5 .  The 

g ra z i n g dec i s i ons wh i ch p roduced the ma x i mum gross ma rg i ns i n  

T a b l e  8 . 5 ,  a re i dent i f i ed i n  Ta b l e  8 . 6 .  The mean t rend  ac ros s 

s tock i n g rate rema i ned the s ame as  for  the ave ra ge year hut 

v a r i ab i l i ty a bou t the mean ma x i mum gros s ma rgi n i ncreased f rom 3 to 9% 

a s  s tock i n g rate i ncreased .  
,_--

I r respect i ve of year  or s tock i n g rate  the graz i n g dec i s i ons  

p rodu c i ng  ma x i mum gross  ma rgi n i nc l u ded a long  w i nter rot at i on ,  

f o l l owed by a s p r i ng rot at i on .  T h i s ma nagement a i med at creat i n g the 

best pos s i b l e  ear ly spr i n g  feed supp ly  to a l l ow the ear l i est  pos s i b l e  

l amb i n g day to  be adopted s o  t h at l amb se l l i n g wei ght cou l d  be 

max i mi sed .  

The  cho i ce of  l ambi n g  day had a major  i nf l uence on  the  amou nt of  

s easona l va r i ab i l i ty exp ressed  i n  gross  ma rg i n ,  pa rt i cu l a r ly at h i gh 

s tock i n g ra tes ( s ee F i g .  8 . 1 1 ) .  A conservat i ve choi ce of  l amb i n g  day 

resu l t ed i n  ve ry l i t t l e  va ri ab i l i ty i n  gross ma rgi n between sea sons at  

a ny of  the stock i n g rates  ( F i gs 8. 1 1  to 8 . 1 3 ) .  The except i on was i n  a 

d �  autumn where reduct i ons i n  l ambi n g  percent a ge and ewe f l eece 

we i gh t were not ma de up by de l ay i ng  l ambi ng ( s ee Tab l e  8 . 7 ) .  

T he i n f l u ence of ea r ly  a nd l ate spr i ngs on sp ri n g  feed supp ly  a re 

o bv i ou s .  Add i t i ona l feed generated by a wet autumn had i t s greatest 

e f fect by i nc reas i n g cover on the fa rm i n  ear ly  spri n g .  F l u s h i n g  was 

i nc l u ded i n  the graz i n g dec i s i ons p roduc i ng max i mum g ross ma rg i n at 

1 6  ewes/h a  i n  a wet autumn , but  at  1 8  ewes/h a ,  a 60-day rot a t i on 

rema i ned bes t .  
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TABLE 8. 5 :  Summa ry of ma xi mu m  and  m1 n 1 mum gros s  mar gi ns ( $/h a )  ( fo r  
t he va r i ou s  combi nat i on s  of graz i n g dec i s i ons stu di ed ) 
f o r  each  s ea s on by stock i n g rate combi nat i on 

Yea r 
Type Wet D ry Early Late  

A ve rage Autumn Autumn Spri ng  S pri n g  
S tock i n g Rate  

1 4  
Ma x i lll.lm 4 1 0 . 3  407 . 8  384 . 7  416 . 5  399 . 3  
M i n i mu m  368. 8  381 . 6  359 . 3  387 . 7 341 . 5  

R an ge 4 1 . 5  26 . 2  64 .2  28.8 57 . 8 

1 6  
M a xi mum 434 . 2  4 53 . 5  393. 3 457 . 1  394 . 0  
M i n i mum 349 . 1 391 . 4  309 . 9  383 . 5  31 7 . 1 

R a nge 85 . 1 6 2 . 1 83. 4  73 .6  7 6 . 9  

1 8  
Max i  lll.lm 4 3 7 . 2  462 . 2  391 .4  466 . 4  390 . 2  
M i n i lll.l m  346 . 9  366 . 6  In fe a s i b l e  353. 3 3 18. 7 

R a n ge 9 0 . 3  9 5 . 6  1 1 3 . 1  7 1 . 5  
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TABLE 8 . 6 :  Dec i s i ons  l eadi n g  t o  ma xi mu m  gross ma rgi n for each season 
by stock i n g rate combi nat i on 

Yea r Gross Lambi n g  W i nter  Spr i n g  N o .  Pa ddock s F l u s h i n g  
Type  Margi n Day Rotat i on R ot at i on Ret i red Rotat i on 

$ /h a  {Day s ) ( Day s )  (Days ) 
Stock i n g R at e 

1 4  
A vera ge 410 . 3  226 120 30 1 5  1 5  
Wet Autumn 407 . 8  224 120 1 5  1 5  1 5  
D ry Autumn 384 . 6  228 120 30 15  60 
E a r ly Sp r i n g  416 . 5  224 120 30 1 5  15  
Late Sp r i n g 399 . 3  228 120 30 15 60 

Mean 403 . 6  

1 6  
Average 434 . 2  233 120 30 12 60 
Wet Autumn 452 . 2  229 120 30 12 1 5  
D ry Autumn 393 . 6  235 120 30 12 60 
E a rly Spr i n g  457 . 1  229 120 30 12 30 
L ate Spr i n g  394 . 0  237 120 30 6 60 

Mean 426 .2  

1 8  
A vera ge 437 . 2  241 120 30 5 60 
W et Autumn 462 . 2  233 120 30 5 60 
D ry Autumn 39 1 . 4  240 120 30 5 60 
E a rly Sp r i n g  466 . 4  238 120 30 5 60 
Late Spr i n g  390 . 2  251  120 30 5 60 

Mean 429 . 5  
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TABLE 8. 7 :  The i n f l uence of ea r ly and l at e  l amb i n g  on the phy s i ca l  components of  p rodu ct i on i n  each 
s eason at 3 stock i n g rates t 

Seas m Stocking Larrbi ng Larrbi ng laJrb Ewe Stocki ng Lant>i ng Larrbi ng Larrb Ewe Stocki ng Lant>i ng Larrbi ng Lant> Ewe 
Rate Dqy % Se 1 1  i ng FLWT Rate Dqy % Sel l i ng FLWT Rate � % Se 1 1  i ng FLWT 

(ewes/ha) LWT (kg) (kg)  (�es/ha) LWT (kg)  (kg)  (�es/ha) LWT (kg) (kg) 

A vera� 14 220 108.4 31.4 4.96 16 227 108.6 28.5 4.88 18 234 105.1 27.0 
Wet Auturm 1()).9 32.2 4.87 109.0 3J.9 4.90 107.3 28.3 
Dry Auturm 105.1 30.0 4.86 97.7 29.4 4.56 92.2 28.8 
Early Spring 108.4 32.2 4.94 HE.6 ll.4 4.94 107.2 28.5 
Late Spri ng 100.6 29.8 5.00 107.0 26.5 4.82 100.4 24.0 
A vera� 240 110.9 28.8 4.77 247 110.7 27.1 4.69 254 100.7 25.5 
Wet Auturm 109.1 28.3 4.66 109.4 26.8 4.59 107.2 25.3 
Dry Auturm 109.4 28.6 4.73 10S.O 27.4 4.50 99.1 26.0 
Early Spri ng 110.9 28.8 4.75 111.0 27.1 4.67 109.1 25.2 
Late Spri ng 110.9 29.1 4.81 111.2 26.0 4.70 108.1 25.2 

tG raz i n g deci s i ons for wi nter  and  spri n g  rotat i on and  l e ve l of ret i ri n g a re gi ven i n  Tab l e 8. 6 ,  l e n gth  of 
rotat i on at f l u sh i n g  was va ri abl e 

4.69 
4.76 
4.36 
4.75 
4.58 
4.48 
4.44 
4.25 
4.47 
4.51 
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D ry au tumn con d i t i on s  ma rk ed ly reduced pastu re cove r at the  end  

of  A p r i l ,  p a rt i cu l a r ly  at h i gh stock i n g rates ( s ee F i g. 8 . 1 4 ) .  A l on g  

w i nte r  rot at i on retu rned cove r  t o  a ve ra ge sp ri n g  l eve l s  p rovi ded 

l ambi n g  was del aye d ,  but the pen a l ty was  pa i d i n  ewe l i vewe i gh t  at 

l ambi n g  wh i ch ,  at 18 ewes /h a ,  l eft ewes  i n  a vu l nerabl e pos i t i o n wi th  

v e ry l ow body re serves (F i g . 8 . 14 ) .  H oweve r ,  at  h i gh stock i n g rates ,  

t h e  a l t e rnat i ve o f  redu c i n g  the  l en gt h  o f  the  w i nte r rotat i on s pe l t  

d i s a s ter  i n  e ar ly  s p r i n g .  Ewe l i vewe i ght  recove red i n i t i a l ly but fe l l 

a ga i n  i n  l ate  w i n t e r  on the  second rot at i on ,  when pastu re rese rves 

were l ow .  A s  a resu l t  o f  i nsu ffi c i ent  body reserves a t  l ambi n g  and  

p oor  s p r i n g con d i t i ons  created by l ow pasture cover ,  the system 

co l l apsed .  To  s upport  a faster w i nter  rotat i on l ambi n g  day had to be 

d e l aye d  s i gn i f i c a nt ly . 

W i th i n  stock i ng rates , the bes t  l e ve l of  ret i ri n g  was rema rk ab ly 

s i mi l a r  between y ea rs , g i ven the opt i on s  a va i l ab l e ,  except fol l ow i n g a 

l ate l amb i n g. He re t here wa s  a need for a greater l e ve l o f  ret i ri ng 

i n  good autumn a n d  s p ri n g  years , than i n  ot her  years .  Th i s  exp l a i n s 

t h e  poorer  performa nce i n  these years fo l l owi n g  l ate l ambi n g  i n  

F i gs .  8 . 1 1 t o  8 . 1 3 . 

T h e  p revi ou s exper i ments  a l l poi n ted  to  t he i mportance of mak i n g 

g raz i n g  deci s i on s  wh i ch a l l owed as  ear ly a l a mb i n g  day as ' pos s i b l e '  

t o  be a dopted. These  p ri nc i p l es app l i ed rega rdl ess of season o r  

s tock i ng ra te . H owe ve r i n  t h e  sy stem s tu di ed , l ambi n g  day was 

con fou nded  wi th l amb a ge by vi rtue  of  t h e  deci s i on to se l l l ambs on a 

c ommon date .  A n  i mp o rtant  i s sue t h at needed t o  be con s i dered a t  t h i s 

p oi n t  was  the re l eva nce o f  the  system stu d i ed ,  a nd hence conc l u s i on s  

reach e d ,  i n  re l a t i on t o  t he more comp l ex systems of rea l i ty .  
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8 . 2 . 3 . 3  E ffect s  of Lamb Se l l i ng Date  and  Po l i cy 

T h e  s i mp l i fy i n g dec i s i on t o  s e l l l ambs on a common date 

( Decembe r 3 1 ) was  based on the  rea son i n g  t hat se l l i ng  pol i cy ,  i n  

r ea l i ty ,  wou l d  be based on feed s upp ly a roun d  the t i me of s a l e ,  and 

n ot l amb a ge .  A l at e r  date may h ave bee n  better and a l s o ha ve a l l owed 

t i me for  yo u n g  l ambs to catch u p .  H owever an a l ternat i ve app roach 

w ou l d  be to s e l l l ambs at a common a ge .  Th i s ,  i n  theory ,  wou l d  more 

a ccu rate ly  ref l e� the  va l u e  to t he sy stem of ewe l ambs reta i ned for 

b reedi n g ,  wh i ch wi l l  e ventua l ly be mated  at a common age .  

T o  i n ves t i gate both the effect s of  a l at e r  l amb se l l i n g date ,  and 

s e l l i n g ba sed  on  a ge the  p revi ous experi ments  were repeated  w i t h  

s e l l i n g date set a t  Janu a ry 20 .  Th i s  date was chosen becau se ea rly 

born  l ambs i n  t h e  p rev i ous  expe ri men t s  and  l at e  born l ambs i n  t hese  

e xper i ment s wou l d  be  t h e  same a ge at  se l l i n g .  

8 . 2 . 3 . 4 R e su l t s  of  Late  Sel l i ng E xpe ri ment 

T h e  po s s i b l e  outcome s of l at e r  l amb se l l i n g are ,  whe re su rp l u s  

feed e xi st s , ( 1 )  con ve rs i on of su rp l u s  feed i nto  add i t i ona l l amb 

g rowth , ( 2 ) i fTl> roved pasture cont ro l , a nd  hence i mproved su bsequent 

p a st u re grOflth and q u a l i ty and ,  ( 3 )  a l at e r  opt i rru m  l ambi n g  day to 

t ak e  a dva nta ge of the a s soci ated h i gh e r  l amb i n g  percentages and ea rly 

l amb growth rates , wh i l e  a l l ow i n g  i nc reased t i me for you n ger l ambs to 

c at ch u p .  W here s u rp l u s  feed does n ot e x i s t  there i s  l i k e ly  to  be 

d i rect remo va l  o f  feed f rom ew es and/or ,  a reducti on i n  cover at l amb 

s el l i n g wh i ch i s  det r i ment a l  to s u bsequent ewe performance . 

T he  s econd  set o f  experi ment s was ana ly sed i n  the s ame way as 

f i r s t  set . A summa ry of the ma x i mu m  and mi n i mum gross ma rgi ns  for 

e ach season by stock i n g rat e  comb i n at i on i s  g i ven i n  Ta b l e 8 . 8 .  

De c i s i ons  p rodu c i n g  t h e  ma xi ma a re gi ven i n  Ta b l e  8 . 9 ,  a nd t he  
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TABLE 8 . 8 :  Summa ry of  ma x i mum a nd m1 n 1 mum gross ma rgi ns ( for  the 
vari ou s comb i nat i on s  of graz i n g deci s i ons  stu d i ed )  

Y e a r  
Type 

S tock i n g  Rate  
( ewes/h a )  

14  
M a x i  mum 
M i n i mum 

R ange 

16 
M axi mum 
M i n i mum 

R ange 

18 
M a xi rrum 
M i n i mum 

R an ge 

f or each s ea son by stock i n g rate  combi nat i on ; se l l i n g 
d ate Janu a ry 20  

Wet D ry E a r ly Late 
A ve rage Autumn Autumn Spri ng Spri n g  

441 . 1  432 . 8  406 . 7  446 . 2  42 3 . 9  
397 . 4  369 . 9  352 . 0  4 1 1 . 6  376 . 1  

43 . 7 3 5 . 9 54 . 7  34 . 6  4 7 . 8  

463 . 7  489 . 2  420. 5 485 .6  4 36 . 2  
384 . 8  429 . 0  346 . 6  42 1 . 3 348 . 7  

7 8 . 9  60 . 2  7 3 . 9  64 . 3  87 . 5  

475 . 7  501 . 5  423 . 6  509 . 1  440 . 0  
350 . 4  39 7 . 7  I n fea s i b l e  391 . 0  294 . 0  

1 25 . 3  103 .8  1 18 . 1 146 . 5  
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TABLE 8 . 9 :  Deci s i ons l eadi n g  t o  ma xi mum gross ma rgi n for each seas on 
by stock i n g ra te combi n at i on ;  se l l i n g  dat e  J a nu a ry 20 

Y e a r  Gros s L amb i n g  Wi nter S p ri n g  No .  Pa ddock s F l u s h i n g  
Type  Ma rgi n Day Rotat i on Rotat i on Ret i red Rotat i on 

( $/h a )  {Days ) {Days ) (Days ) 
S t ock i n g  Rate  

( ewes /h a )  

1 4  
A ve ra ge 441 . 1  225  120  30  12 15 
Wet A ut umn 432 . 8  224  120  1 5  12 rs 
D ry Autumn 406 . 7  228 120 30 6 60 
E a rly  S p r i n g  446 . 2  224 120 1 5  12 1 5  
L at e  S p ri n g  4 2 3 . 9  2 2 7  120 30 6 30 

M ean  4 30 . 1  

1 6  
A v e ra ge 463 . 7  234  1 20 30 10 60 
Wet Autumn 489 . 2  227  120  30 10 15 
D ry Autu mn 420 . 5 236 120 30 5 30 
E a rly  S p ri ng  485 . 6  . 230 1 20  30 10 30 
Late  S p r i n g  4 36 . 2  239 120 30 5 60 

Mean  4 59 . 0  

1 8  
A ve ra ge 4 7 5 . 7 242 120 30 5 60 
W et Autumn 50 1 . 5  237  120  30  5 15  
D ry Autumn 423 .6  240  1 20  30 0 30 
E a r ly S p ri ng  509 . 1  240 120 30 5 60 
L a te Sp r i n g  440 . 0  249 120 30 0 60 

M ea n  469 . 8  
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re l at i on s h i p  between l ambi n g  day and  gross ma rg i n  for graz i ng 

deci s i on s  p rodu c i ng the ma x i ma ,  a ppea r i n  F i gs . 8. 1 5  to 8 . 1 7 .  

I n  a l l  seasons and  at a l l s tock i n g  rates both ma x i mum and mi n i mum 

g ros s ma r gi n i mp roved wi th the l a ter se l l i n g date ( compa re Tab l es 8 . 6  

a nd 8 . 9 ) .  A t  l ow stock i n g  rates ( 1 4  a n d  1 6 )  l amb sel l i n g wei ght 

i ncreased i n  a l l  sea sons ( compare Ta b l e s  8 . 7  and 8. 1 0 ) .  I n  a ddi t i on 

t here was  l i tt l e  effect on l ambi n g  pe rcent a ge of the l ater  se l l i n g 

date.  F i na l ly ,  t here was l i tt l e  change to  op ti mum l ambi n g  day because  

l ate r-born  l ambs s t i l l  d i d not cat ch u p  the wei ght d i fference . 

(Comp a re t he d i f ference i n  wei gh t between l ambi n g  day s 2 34 and 254 i n  

Tab l e 8 . 7 ,  wi t h  that i n  Tab l e  8 . 1 0 ) . 

At  1 8  ewes/ha  the  res u l t s  we re the same as  above for  a l l hu t the 

d ry autumn sea son . In  th i s  sea son the decrease i n  pastu re cove r on 

J a nu a ry 20 det r i menta l ly affected subsequent feed supp ly , and hence 

ewe l i vewe i ght i n  the autumn . L amb i n g pe rcentage dec l i ned ,  and i n  

compar i s on to t h e  ea rly sel l i n g sy stem ( s ee F i g . 8 . 1 8 ) , autumn pa stu re 

g rowth rate was redu ced , and ewe l i vewei ght d i d  not recove r u nt i l the 

fol l ow i n g  Decembe r. The mi n imum  l i vewe_i ght  reached by ewes i n  t he 

s p r i n g  was 36 . 5  k g  i n  the l ate  se l l i ng sy stem, wh i ch i s  ext reme ly 

l i gh t .  Howeve r ,  a s i mi l a r  l i vewei gh t ( 36 . 8 k g ) was reco rded i n  one 

yea r  by Su ck l i n g ( 1 9 7 5 )  wi th no i nc rease i n  death rat e ,  for ewes i n  

f a rml et t ri a l s . 

I n  s p i te of  the effect on l ambi ng  pe rcentage ,  the deci s i on t o  

se l l l a te i n  a dry autumn season was vi n d i cated economi c a l ly by a 

favou rab l e  ba l a nce between i ncreas ed l amb wei ght and decreased l ambi n g  

pe rcenta ge .  
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F i g u re 8 . 1 5  Rel at i ons h i ps between  l ambi ng day and g ross  marg i n  
u nd e r  graz i ng dec i s i on s  p roduc i ng max imum g ro s s  marg i n  
i n  each  year a t  1 4  e\<Jes/ha . Sel l i ng  date Janu a ry 20 . 
HA = wet autumn , DA = dry a utumn , ES = earl y'  s p r i ng , 
L S  = l a te s pr i ng , AV = average  year . 
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F i gu re 8 . 1 6 Rel at i onsh i ps  between l ambi ng day and gross  marg i n  under 
graz i ng deci s i o n s  produ c i ng max imum gro s s  marg i n  i n  each 
yea r at  1 6  et·Jes/ha . Se l l i ng date January 20 . HA = v1et 
autumn , DA = dry au tumn , ES = early spr i ng ,  LS  = l ate  
spri ng , AV  = average year  
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F i g u re 8 . 1 7  Rel a t i onsh i ps between l amb i ng day and  g ross  marg i n  under 
g raz i ng dec i s i on s  p roduc i ng max i mum gro s s  marg i n  in each 
year at 18  ewes/ha . Sel l i ng da te J anua ry 2 0 .  �·JA = wet 
autumn , DA = dry au tumn , ES = early spri ng , LS = l a te 
s pr i ng ,  AV = average  yea r .  
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TABLE 8 . 1 0 :  The i nf l uence of ea rly and  l ate  l ambi n g  on the phy s i ca l  components  of p rodu ct i on i n  each 

Seas m 

A vera� 
Wet autt.nm 
Dry autt.nm 
Early spri ng 
Late spri ng 
A vera� 
Wet autt.nm 
Dry auturm 
Early spri ng 
Late spri ng 

s ea son at 3 stock i n g rates . Se l l i n g date Janu a ry 20 . t  

Stocking Lambing Lambi ng Lamb E� 
Rate Day % Sel l i ng Fl.Wf 

(e.wes(ha) L.WT (kg) (kg) 

14 220 108.6 34.1 4.96 
107.1 34.1 4.87 
105.8 31.9 4.88 
108.4 34.8 4.93 
107.9 32.6 4.96 

240 110.6 31.1 4.77 
108.9 30.2 4.68 
100.8 30.5 4.75 
110.6 31.0 4.75 
109.6 30.9 4.76 

Stod< i ng Lambi ng Lambi ng Larrb E� 
Rate Day % 

(ewes (ha) 

16 227 107.0 
108.5 
�.8 

108.6 
105.1 

247 110.1 
100.1 
103.3 
110.4 
109.8 

Se 1 1  i ng FLWT 
L.WT (kg) (kg) 

31.2 4.83 
33.8 4.92 
31.5 4.61 
33.0 4.89 
29.6 4.81 
29.7 4.70 
28.6 4.60 
29.8 4.46 
29.5 4.68 
28.2 4.68 

Stod<i ng Larrbi ng Lambi ng 
Rate Day % 

(ewes/ha ) 

18 234 101.7 
106.2 
90.1 

104.4 
97.3 

254 108.1 
105.8 
97.9 

108.5 
106.3 

tG raz i n g deci s i ons  for wi nt er  and  sp ri n g  rot at i on and  l e ve l of reti ri n g a re gi ven i n  Tab l e  8 . 9  

Lamb Ewe 
Se 1 1  i ng FLWT 

L.WT (kg) (kg) 

30.0 4.65 
31.2 4.78 
31.8 4.40 
31.5 4.70 
28.2 4.57 
27.9 4.49 
27.2 4.48 
28.0 4.26 
27.4 4.48 
27.5 4.47 



ex:: :c 
........ ::.!.: a 
(.!} � 

2000 

- 1 000 � LLJ > 0 u 
LLJ 0::: ::::> 
I­V> ex:: 0.. 
"'-LLJ LLJ Q cr.: (.!} 

1 
J 

� ;/-�/ � , /  
--<l.... *" - -- - �, 

.. ... 
\ /' / 

� � �� 1-o_._ ' �- - - - - - -il"' \ _, / 
0- - -o- - ' 

\ .,..,./ 

t f 
'o- - --o- _ _ _ _ _ _ 0,. \lt"� 

28 
J 

2 5  
F 

2 5 ' 
,., 

22 
A 

20  
�1 

1 7  
J 

. 1 5  
J 

1 2  
A 

" ,. ''a-' 

9 
s 

7 
0 

4 
N 

2 
D 

3 1  
D 

50 

40 

(.!} :::.1.: 
.__ 

2 __, 
LLJ 3: LLJ 

F i g u re 8 . 18 S i mu l a ted green pa s ture cover (-) and  ewe l i ve�Je i g h t  ( - - - ) i n  a d ry au tumn wi th early ( X )  or  l ate (0) l amb 
s e l l i ng dates at  18 ewe s/ha . Other management dec i s i on s  were l ambi ng day - 244 , wi nter rota t i on -
1 2 0  days , s pri ng rotnt i on - 30  days , fl u s h i n9 rota t i on - 60 days , number of paddocks  reti red - 5 .  
Lamb i ng % - ea rl y 9 5 . 4 ,  l ate 90 . 6 ,  l amb se l l i ng l i vewe i gh t ,  ea rly 28 . 1  kg , l a te 3 1 . 3  kg . Pastu re cover 
on  grazed a rea onl y .  
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The  rea son for the neg l i gi b l e  effect of l ater  sel l i n g on ewe 

perfo rma nce i n  ot her seasons a n d  at l ow stock i n g rates was as  

a nt i c i p aterl ,  a comb i nat i on of i mp roved u t i l i sat i on of  feed i n  l ate 

s umme r ,  and i mp roved pastu re g rowth rates and  redu ced pastu re 

s enescence i n  autumn . F i g . 8 . 1 9  shows pastu re cover and  ewe 

l i vewei ght for ear ly  and l ate s e l l i n g sy stems at 1 8  ewes/ha  i n  an 

a ve ra ge yea r .  By mi d-wi nter  p a stu re cover and ewe l i vewei ght  we re 

s i mi l a r fo r both sy stems . 

I n  conc l u s i on ,  del ay i n g s e l l i n g rl ate di d not affect p rev i ou s 

conc l u s i ons a bout opt i mum  mana gement rleci s i on s i n  any season , except 

for  req u i ri n g reduct i ons to  the l e ve l of ret i r i n g .  The effects on ewe 

performa nce of  de l ay i ng s e l l i n g date s t i l l  fu rther i nto autumn were 

becomi n g  appa rent f rom resu l t s  i n  a dry aut umn at 18 ewes/h a .  

8 . 2 . 3 . 5  S e l l i ng by Age 

A n  i n d i c at i on of chan ges that wou l d  occu r i f  the system was 

a l t e red to se l l l ambs at a g i ven a ge was ga i ned by p l ott i n g  the  

a pp rop r i ate pred i cted gross  ma rg i ns for the  l ate l amb i n g and  s e l l i n g 

d at e ,  on  to F i gs 8 . 1 1  to  8 . 1 3  f rom the ea r l i e r experi ments . 

I n  a l l ca ses the att ract i veness  of l ater  l ambi n g i mp roved , 

mea n i n g that there a re l i k e ly t o  be two i mportant rli ffe rences f rom 

p rev i ou s  conc l u s i ons . F i rs t ,  sens i t i v i ty of gros s ma rg i n to l amb i n g  

d ay wou l d  not be a s  great , a n d  second opt i mum l amb i ng day wou l d  occu r 

l at e r .  · These d i fferences i l l u s t rate a n  i mportant poi nt rega rdi n g  the 

re l at i on sh i p  between the system stud i ed a nd conc l u si ons reached  a bout 

t h e  i mportance of d i fferent ma n a geme nt dec i s i on s . I t  was dec i ded , 

h ow eve r ,  that s i nce more l ambs a re l i k e ly to  be so l d than  ret a i ned on 

most N I HC farms , the i n i t i a l c ho i ce of  sy stem more accu rate ly 

ref l ected facto rs affect i n g  l amb i n g day and  se l l i ng po l i cy .  
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grazed area on ly .  
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8 . 2 .4 Opt i ma l  S t rategi es 

So f a r ,  opt i mum  mana gement dec i s i ons have been desc r i bed for each 

y ea r .  I n  rea l i ty ,  not a l l of the rleci s i ons  def i ned as opt i ma l  for 

each yea r can be i mp l emented becau se s ome dec i s i ons mu st  be ma de 

before t he yea r has been  revea l e d .  F o r  examp l e  stock i n g rat e ,  l ambi n g  

day ,  a n d  l en gt h  of wi nter  rot at i on wi l l  have been dec i ded befo re i t  i s  

k nown what the  spr i ng  wi l l  bri n g ,  and  s p ri n g  cont rol measu res wi l l  be 

i n  p l ace before l at e  summe r-autumn cond i t i ons become apparent . 

An opt i ma l  ma nagement s t rategy needs to ma xi mi s e ou tput  ove r  a l l 

y ears . 

I nt e re s t  was conf i ned to t h e  l ate se l l i n g system s i nce i t  was 

c l ea r ly super i o r  to t he ea r ly  s e l l i n g system. The cost6 of non 

opt i ma l i ty was de ri ved for each years • opt i ma l ma nagement p l a n ,  when 

i mp l emented i n  eve ry ot her  yea r .  These a re shown i n  Ta b l e  8 . 1 1 .  I n  

gene ra l , a ve ra ge and poor yea r s t rateg i es p roved best when costs  were 

7 a ve ra ged o ve r  a l l seasons . I n  p a rt i cu l a r ,  g reater cos ts  occu r red 

when the l e ve l  of ret i r i n g was too great for a yea r than  when i t  was 

t oo l ow .  When  the a ve ra ge yea r  p l an  was chan ged to i ncorporate the  

l ate spr i n g  l eve l of  ret i r i ng ,  mean cost  was  redu ced to $1 2 . 4 3  and  

$ 14 . 0 1 /h a ,  at  s tock i n g rates 16  and 1R  respect i ve l y .  

F l e xi b i l i ty does however e x i s t  t o  ch ange st rategi es i n  t he  

k now l edge o f  season a l  va r i abi l i ty ,  as  for  e xamp l e  by reduc i n g  the  

l e ve l of  ret i ri n g i n  a l at e  s p r i n g .  Costs  were therefore der i ved 

6cost was de f i ned re l at i ve to ma x i mum g ross ma rgi n i n  a p a rt i cu l a r  yea r .  

7Th i s  a s sumes  each  y ea r i s  rece i ved  w i t h  equ a l  f requency . 
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TABLE 8 . 1 1 :  R e duct i ons  f rom max i mum gros s ma rgi n a s  a res u l t  o f  
i mp l ement i n g op t i ma l  dec i s i on s  for  each yea r 

Ye a r  
Type Wet Dry Ea r ly Late 

A ve ra ge Autumn Autumn Sp r i ng Sp r i n g  
Dec i s i on s  

1 4t 
A ve ra gett 0 0 .80  10 .48  0 . 99  2 . 29 
W et Autumn 1 . 3 3  0 1 4 . 1 7  0 5 . 00  
D ry Au tumn 1 9 . 0 0  28. 9 7  0 26 . 5 5  2 . 68 
E a rly S p ri n g  1 . 3 3  0 14 . 1 7  0 5 . 00 
Late  S p ri n g  1 4 . 3 7  1 9 . 4 8  1 . 1 4  20. 48 0 

1 6  
A ve ra ge 0 1 8 . 58  1 3 . 49 4 . 6 4  39 . 68 
W et Autumn 1 4 . 3 2 0 2 5 . 6 6  4 . 97 53 . 6 1  
D ry Au tumn 4 . 6 7  34 . 03  0 1 6 . 5 1  3 . 9 6  
E a r ly S p r i ng 7 . 4 0  3 . 84 1 7 . 7  5 0 4 5 . 6 0  
L ate S p ri n g  1 0 . 2 5  5 2 . 3 2  3 . 20 28.05 0 

1 8  
A verage 0 1 1 . 4 7 23 . 0  1 . 40 4 1 .8 7  
Wet Autumn 1 4 . 9 2  0 4 5 . 2  12 . 9 3  7 3 . 6 1  
D ry Autumn 0 . 90 6 . 2 2  0 1 1 . 8 1  5 1 . 94 
E a r ly  S p ri n g  6 . 2 6  1 9 . 5 7  31 . 0  0 2 1 . 8 7  
L a te  S p r i n g  2 1 . 6 7  64 . 69  9 . 6  49. 2 5  0 

t S tock i ng rate ( ewes/h a )  
t t  Op t i ma l  dec i s i on s  for these  yea rs a re g i ven i n  Tab l e  8 . 9  

Mean 

2 . 9 1  
4 . 1 0  

1 5 . 44 
4 . 1 0 

1 1 . 0 9  

1 5 . 28  
1 9 . 7 1  
1 1 . 83 
1 4 . 9 2  
1 8 . 7 6  

1 5 . 5 5  
29 . 33  
1 4 . 1 7  
1 5 . 7 4  
29 .02  
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i n  each yea r when t h e  ave rage yea r s t rat egy was appl i ed ,  but w i t h 

a l l ow a nces to a l t e r  ma na gement  deci s i ons i n  the  l i ght  of k n ow l edge of  

t he s eason . neci s i ons  open t o  a l te rat i on i nc l u ded , mat i ng  day a n d  

rotat i on l e ngth  at f l u s h i n g i n  va r i ab l e autumn s ,  and spr i n g  rot at i on 

l en gt h  and  l e ve l of  reti ri n g  i n  var i ab l e  s p r i n gs . 

T he cost a s s oc i ated w i t h  be i n g u n a b l e t o  predi ct season i n  

a dva nce was ve ry l ow at  a l l stock i ng rates ( T a b l e 8 . 1 2 ) ,  p rov i ded t h e  

u nexp ected season w a s  reacted to  a pp rop r i ate ly . 

Two ma i n  conc l u s i ons a r i s e  from the a bo ve ana lyses . The f i rst  i s  

t hat the  best  a ve ra ge yea r st rategy was a n  a p p ropri ate st rat egy t o  

a pp ly across a l l s easons  when f l ex i b i l i ty to  cope w i t h  the seasons  was 

t aken  i nto accou n t . The s econ d was that 18 ewes/ha  rema i ned the  most 

fa vou rab l e  stock i n g rate , a l t h ou gh the ma rgi n was on ly $1 0/ h a  ove r 

1 6  ewes /h a .  E s t i mated ma xi mi m  g ross ma rgi ns , ave raged a c ross seasons , 

were $428 , $455 a n d  $465/ha  for  stock i ng rat es 14 , 1 6  and  1 8  ewes /ha 

respect i ve l y .  

8 . 3  EFFECTS OF I NNOVAT IONS AND POSS IBLE NEW TECHNOLOGY 

The  resu l t s u p  u nt i l  now h a ve been u s ed to estab l i sh a be nch ma rk 

of ma x i mu m  sy stem performa nce u nde r t h e  ty pe of ma nagement dec i s i ons 

c u r re n t ly emp l oyed on most  N I HC fa rms . I n  th i s  sect i on an  attempt was 

ma de to i n vest i gate  t h e  ef fects of con st ra i nts  p re vent i n g fu rt h e r  

i nc reases to pe rforma nce .  

I n novat i ons  s u ch as  st rateg i c use  of n i t rogen , i nt roduct i on of  

temp o r a ry crops ( e . g .  ce rea l o ve rs ow i n g ,  S i t hampa ranathan  ( 1 97 9 ) ) 

a n d  esta b l i shme nt of speci a l i s t p astu res , may be p rof i tab l e .  New 

t echno l ogy may i ncrease  the p hys i o l o gi c a l  potent i a l  of  exi s t i n g  

p astu res  a n d  an i ma l s  by genet i c ,  chemi c a l  or  p hys i cal  mea ns . 
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TABLE 8 . 1 2 :  L o s s e s  f rom ma xi mu m  g ros s ma rgi n u s i n g  a ve ra ge yea r 
deci s i ons  bu t tak i n g a ccount of seasona l f l ex i b i l i t i es* 

Decisions Larrbi ng Wi nter Spri ng No. Padc:bd< s Flushing Loss fran 
Day Rotation Rotation Reti red Rotation Maxirrum 

Stod<ing Rate/ Gross Margi n 
Year Type 

(Days)  (Days)  (Days) ($/ha) 

1 4  
Average 725 120 30 12 15 0 
Wet Autum 224 120 15 12 15 0 
Ory Autum 228 120 30 12t 60 9.30 
Ea rly Spring 225t 120 15 12 15 0.99 
Late Spri n g  225t 120 30 6 15t 1.24 

1 6  
Average 2� 120 30 10 60 0 
Wet AuttJm 227 120 30 10 15 0 
Dry Autum 236 120 30 5t 30 13.20 
Ea rly Sp ri ng 2�t 120 30 10 60t 6.64 
Late Spring 234t 120 30 5 60 2.14 

1 8  
Average 242 120 30 5 60 0 
Wet AuttJm 237 120 30 5 15 0 
Dry Autum 240 120 30 5t 30 13.50 
Ea rly Spring 242t 120 30 5 60 1.40 
Late Spring 242t 120 30 5 60 10.96 

tN on opt i ma l  dec i s i on s  u n a b l e to be c h a n ged  
*T h e s e  deci s i ons  f ormed the  opt i ma l  g raz i n g deci s i ons for  subsequ ent 

a na ly se s  
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The mode l was used to exami ne potent i a l  rew a rds to  i nt rodu c i n g  

t he a bove i n  a n  e f fort t o  p rov i de a ba s i s  for establ i sh i n g p roduct i ve 

c ou rses  of a ct i on for fu tu re resea rch and deve l opment .  

T hree ty pes o f  expe ri ment  were u nde rtak en . F i rs t ,  the  st rategi c 

u se of  ni t ro gen , an  i nnovat i on for ma ny N I HC sheep fa rms , was  

a pp r a i sed. Second , the  pos s i b l e  rol e of  the  new ewe fe rt i l i ty 

i rrrru n i sat i on techno l ogy was e va l u ated. F i na l ly ,  a 

n umber of exp e r i ments were con du cted  i n  wh i ch sens i t i vi ty of  the 

sy stem was e va l u ated i n  re l a t i on to  factors a ffect i ng poten t i a l  

p rodu ct i on f rom pa stu re a n d  a n i ma l s . 

T he p re v i ou s ly def i ned  opt i ma l  ma na gement dec i s i ons  at 18  ewes/ha  

( T a b l e  8. 1 2 )  were  taken  as  the  base  f rom wh i ch to sta rt . However to  

a ccou n t  for  poss i b l e  cha n ges  t o  the st ock i n g rate , per  head 

p e rforma nce re l at i onsh i p  i n  the  new sy stems , stock i ng rates of 16  and 

2 0  we re a l s o s tu d i ed. Contro l  ma n agemen t dec i s i ons  u sed  at  1 6  ewes/ha  

w e re t hose g i ven i n  Ta b l e 8 . 1 2 .  Mana geme nt  assumed  at  2 0  ewes/ha  was  

the  s a me a s  a t  1 8  ewes/h a exc ept for  l a mb i n g  day , day 254 ,  and  number 

o f  p addock s ret i re d ,  0.  L i mi ted chan ges - to  p re v i ou s l y  opt i ma l  graz i n g  

d e c i s i ons  w e re a l s o i n ves t i gated , ow i n g t o  the poss i b l e  u nsu i tab i l i ty 

o f  t he se de-c i s i ons i n  the  new sy stems . 

8 . 3 . 1  S t rategi c Use o f  N i t rogen 

The  effect s of u s i n g  n i t rogen we re s i mu l ated by i nject i n g  feed 

i nt o  the sy stem i n  ea r ly  s p ri n g ,  the  per i od most sens i t i ve t o  

v a ri at i ons i n  feed supp ly . 

G reen OM was a dded t o  p a d dock s w i t h  the h i ghest cover on 

S ept ember 1 , at 2 rates , 2 5 0  a nd 500 k g  DM/ha ,  ove r 1 / 3  or 2 /3 of  

t he fa rm. 
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O ve r  a l l season s , 1 8  ewes/h a  rema i ned opt i ma l  f o r  a l l l e ve l s of 

feed i njected .  At 20 ewes /h a  t h e  system co l l a psed i n  the  spri ng  when 

p receded by a d ry autumn . Th i s  cou l d  not be a voi ded e ven w i th the  

h i ghest l e ve l  o f  feed i nj ect i on .  The rema i n i n g d i scu s s i on i s  

t h e refo re con f i ned to  t h e  e ffects at  a stock i n g rate of  1 8  ewes /ha . 

System respon s e  t o  a dd i n g  250  k g  DM/ha  to  2/3 of  the farm and  

5 00 k g  DM/h a to 1 / 3  o f  the  fa rm was  ve ry s i mi l a r . The l atter p roved 

ma rg i n a l l y  better  i n  a l l seasons by between $0 . 3 5  and $2 . 59/ha . 

B oos t i n g  t he sys tem w i t h  d i f fe re nt amounts of  feed had  the 

g reatest  effect i n  adverse  yea rs {F i g . 8 . 20 ) . Addi n g  feed made ve ry 

l i t t l e  di fference t o  gros s ma rg i ns  i n  ea r ly spr i ngs o r  fol l owi n g  a wet 

a utumn .  nes p i t e  benef i c i a l  effects appea ri n g  i n  ea r ly  l amb growth  

rates  a n d  ewe l i vewe i ghts  i n  the above seasons , cont ro l p robl ems i n  

l at e  s p ri n g  were compou nded .  Th i s  p rompted i n vest i gat i on i nto 

i nc reas i n g the l eve l of ret i r i ng to 8 and 10 paddock s { 2 7  and 33% 

of f a rm a re a ,  respect i ve ly ) .  

I nc reased l e ve l  of  ret i r i n g  was not des i ra b l e  at any l e ve l of 

feed i nject i on for t he ave ra ge year bu t where 500 kg  OM/ha was added 

o ve r  2/3 of  the fa rm, ret i r i n g 8 and  10 paddocks i mp roved performance 

i n  ea r l y  spr i ngs and  i n  wet autumns , respect i ve l y  ( s ee F i g . 8 . 20 ) .  

T he maj o r  phys i ca l  e ffect s o f  add i ng  feed i nto the  system a re 

s umma r i sed  i n  Ta bl e 8 . 1 3  fo r the  500 k g  DM/ha ove r 2/3 fa rm t reatment . 

S ma l l d i fferences i n  g reen cove r ,  i n  the order of  80 k g  DM/h a ,  

rema i ned  a t  the  end o f  Ma rch , but by mi d-Au gu s t  they were gone { 0  to  

4 0  k g  DM/h a ) .  
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F i g ure 8 . 20 E ffects of  addi ng feed i n  spr i ng on g ro s s  marg i n  a t  18  ewes/ha . 
WA = wet autumn , DA = dry au tumn , ES = ear ly  spr i ng , LS = 
l ate spr i ng , AV = average . * = add i t i onal  paddoc k s  reti red -
s ee text . · 
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TABLE 8 . 1 3 :  S e l ected effect s on  sy stem performa nce of  500  kg  DM /ha  add i t i on a l  feed ,  supp l i ed to  2/3  of  f a rm on 
S eptember 1 

B ase Leve l s E ffects 

G rowt h  Consumpt i on G reen Growt h Consump t i on Green lamb Ewe 
S t ock i n g  Sea s on 1 / 9-27/ 1 0  1/ 9-27/ 10  Cover  1 / 9-27/ 1 0  1/ 9-27/ 1 0  Cover  Se l l i n g Lamb i n g  FLWT 

R ate  on  2 7 / 1 0  on 2 7 / 1 0  LWT % 
( k g  DM /ha ) {k g DM/h a )  { k g DM /ha  (kg DM/h a )  ( k g  DM /h a )  { k g DM /h a )  ( k g )  (k g )  

1 8  
A vera ge 1 72 6  1 587  8 1 1  +1 53  +264 +1 5 1  +1 . 7  +3. 5 +0. 1 0  
Wet Autt  1 806 1 7 39 882 +148 + 1 9 1  +205 +1 . 7  +2 . 0  +0. 02 
D ry Aut 1 708 1 51 2  8 1 5  +148 +26 7  +1 3 3  +0. 6  +6 . 5  +0 . 1 3  
E a rly Sptt  1 981  1 700  986 + 1 72  +2 1 3  +200 +0. 7  +1 . 6  +0. 03 
Late Sp 1 56 7  1 381  7 3 1  + 132  +282 + 1 5 1  +2 . 3  +3. 7  +0. 09 

t 10  pa ddock s ret i red i n  p l u s  feed sy stem - see text 
tt  8 paddock s ret i red i n  p l u s  feed  sy stem - see text 
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The p rof i t ab i l i ty of boost i ng feed su p p ly i n  spr i n g  obvi ou s ly 

depends on t he cost  of i nj ected feed . N i t rogen cu rrent ly cos ts a bout 

86 cent s /k g  N as u rea , 8 n ot i nc l u d i n g  app l i cat i on costs . Assumi n g  a 

1 0 : 1 response o f  g reen DM /k g N ( Lu s combe , 1 980 ) ,  the cost of i nj ected 

feed u s i n g n i t rogen wou l d  be 8 . 6  �/k g green OM . Net benef i t  per  k g  

g reen OM adde d ,  i n  th i s  s t u dy ,  i s  p resented i n  Tab le  8 . 1 4 .  I t  i s  

dou bt fu l  i f  a n  economi c re sponse  wou l d  res u l t  from the h i ghest feed 

a dd i t i on fol l ow i n g a good autumn . Costs  w i l l  def i n i te ly not be 

recove red i f  a good spr i n g  resu l t s . The deci s i on re ga rdi n g  n i t rogen 

a pp l i cat i on rate ca n be ma de w i t h  comp l ete k now l edge i n  the  fo rme r 

case  bu t not i n  the  l at t e r .  

Howeve r ,  a s s umi ng eq u a l  p robabi l i t i es o f  t h e  above yea rs ,  these  

res u l t s  suggest the  potent i a l for  n i t rogen to  u n de rwr i te the i mp o rt a nt 

s p ri ng  feed f l ow i s  si gn i f i cant . 

TABLE 8 . 1 4 :  E f fect s on gross  ma rgi n of  addi t i on a l  feed supp l i ed on 
S e pt ember 1 ( cent s/kg  OM added ) 

Feed added Amount by 
F ra ct i on of Fa rm 250* 1 / 3 . 250*  2/3  500* 1 / 3  500* 2 / 3  

Season k g  DM/ha 83 1 66 1 6 6  333  

Average 13 . 9  14 . 4  1 3 . 7  1 3 . 3  

Wet Autumn 1 2 . 7  14 . 8  14 . 6  10 . 3  

D ry Au tumn 1 0 . 9  1 2 . 6  1 2 . 0  1 2 . 8  

E a rly Sp r i n g  1 0 . 1  8 . 1  7 . 9 5 . 8  

Late  Spr i ng  1 7 . 5  2 0 . 7 1 9 . 8  1 7 . 3  

8Novembe r 1983  s t ock fi rm p r i ce 
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8 . 3 . 2  I mmu n i s i n g  Ewes 

I mmu n i s i n g ewes a ga i nst  the i r ow n  oest rogens  to i nc rease 

o vu l at i on rates  appea rs to h o l d great p romi s e  for  i mp rovi n g  sy stem 

p e rforma n ce , but has  n ot been  tested i n  a comp l ete system. The 

e f fects  o f  a rt i f i c i a l l y  i ncreas i ng ovu l at i on rate to 180  and 200% were 

t he re fo re e xami ned .  Twi n  ovu l at i ons  we re i mp osed  on e i the r 80 o r  1 00% 

o f  the  ewes . T h e  res u l t i ng l amb wea n i ng  percentages were i n  the  

v i c i n i ty of  1 1 8  and  1 29% ,  res pect i ve ly .  Syst ems we re f i rst comp a red 

u nde r e x i st i n g o pt i ma l  ma nagement f o r  both 16 and 1 8  ewes/ha  then a 

r edu ct i on i n  t h e  l eve l  o f  ret i ri ng ,  de l ayed l ambi ng a n d  the  

c onsequences  of  set s t oc k i ng at l ambi ng ,  we re exp l o red .  

I n  T a b l e 8 . 1 5  gross  ma rgi ns for  the cont ro l  sy stems a re comp a red 

w i t h gross  ma r g i n s  for  t he a rt i f i c i a l ly i n creased ovu l at i on rate 

systems at two l amb i n g days and  at t he best  l eve l of ret i r i n g  for  each 

s ea s on ( l e ve l s  stu d i e d  we re res t r i cted  to 0 ,  5 or 1 0  pa ddock s ) . Some 

p hys i ca l  d i f fe re nces between t he c on t ro l  a n d  the  two s e l ected 

i ncreased  o vu l at i on rat e  sy stems a re p resented i n  Ta b l e  8 . 1 6 .  

T he a dva n t a ge o f  h i gh l ambi ng  pe rcent a ge systems at 1 6  ewes/ha  

w as p r i ma r i ly  du e t o  t h e  need  to  de l ay l ambi n g  at 18  ewes /ha  to  ensu re 

system vi a b i l i ty i n  poor  sea sons . At 1 8  ewes/ha  i n  dry au tumn years , 

t he ewe body wei ght ,  ovu l at i on rate re l at i on s h i p  appea red to rep resent 

a sy stem s a fe gu a rd a ga i n s t  t h e  l at e r  co l l apse  of the sy stem i n  s p ri n g .  

A t  1 6  ewe s / h a  t h e  sy stem w a s  a b l e  t o  cope w i th add i t i on a l  l ambs 

i n  e a r l y  s p r i n g  wi thout  u ndue effect on l amb we i ght . Conseq uent ly  

f u l l a dva n t a ge was  ga i ned  f rom these  ext ra l ambs i n  consumi n g  s u rp l u s  

s p r i n g  p a s t u re , a nd i n  comp a ri son t o  the  cont ro l  sys t em, l amb s e l l i n g  



182 

TABLE 8 . 1 5 :  G ross ma rgi ns  for  cont rol  and  i ncreased ovu l at i on rate 
systems , at 2 l ambi n g  days and  the best l e ve l of  
ret i ri n g t  

S t ock i n g Lambi n g  Day 234 244 
R ate Ovu l at i on Rate  Cont rol  180 200 1 80 200 

( ewes/h a )  Season 

1 6  Ave rage 46 1 . 81 0 490 . 95 5 14 . 95 47 0 . 2 1 0 594 . 3 1 0 

Wet Autumn 478 . 9 1 0 5 1 5 . 4 1 0 5 35 . 81 0 459 . 3 1 0 495 . 1 1 0 

Dry Autumn 402 . 9 1 0 450 . 75 4 6 1 . 9  442 . 25 492 . 25 

Ea r ly  Spr i n g  483 . 3 1 0 506 . 3 1 0 54 1 . 35 4 7 1 . 5 1 0 462 . 6 1 0 

Late Spr i n g  43 1 . 9  453 . 5  468 . 0  45 3 . 95 4 6 6 . 0  

Mean 4 5 1 . 8  483 . 3  504 . 4  459 . 4  484 . 0  

Lambi n g  Day 2 42 252 

1 8  Ave rage 4 7 1 . 65 501 . 3  5 18 . 9  486 . 15 5 1 0 . 05 

Wet Autumn 4 93 . 65 52 1 . 45 53 5 . 2  467 . 55 502 . 65 

D ry Autumn 407 . 55 448 . 5  n feas i b l 4 4 1 . 3  45 3 . 9  
E a r ly  S p r i n g  502 . 95 526 . 3  558 . 0  447 . 65 5 1 4 . 15 

Late Spr i n g  428 . 1  4 1 3 . 8  4 1 2 . 2  455 . 0  463 .8  . 

Mean  460 . 7  482 . 3  465 . 5  488 . 9  

t S uperscr i p t s  rep resent t he numbe r of paddocks  ret i red 
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TABLE 8 . 1 6 :  Some phy s i ca l  d i f feren ces between cont ro l  and  s e l ected i ncreased o vu l at i on rate sy stems 

Control Systars I Ow 1 ati on Rate = 200% Systars 
Larrbi ng day 234 

Stocking Year Green Ewe Ewe* Larrb Ewe Larrbi ng Cons LITpti on Green Ewe Ewe* Larrb Ewe Larrbi ng Addi tional 
Rate Cover 00 00 00 FOO % 1/9-20/1 Cover 00 

(e��es/ha) 27/10 27/10 20/1 20/1 27/10 27/10 
(kg IJ.1/ha) (kg) (k g)  (kg)  (k g) (kg IJ.1/ha) (kg IJ.1/ha ) (kg )  

16  A vera� 
Wet Au'b.Jm 
Dry Autum 

852 
9� 
�3 

Early spring 1039 
Late spring 777 

18 Avera� 811 
Wet Autum 002 
Dry Au'b.Jm 815 
Early Spring 9ffi 
Late Spring 731 

* Fu l l  woo l l ed 

52.9 
58.0 
42.8 
55.6 
48.4l 

47.1 
53.7 
38.4 
50.2 
42.5 

59.5 32.0 4.82 100.1 4768 -40 
63.1 33.0 4.85 100.7 5C»l -91 
52.5 32.4 4.52 95.2 4454 -51 
61.8 33.3 4.83 109.1 5005 -56 
55.8 �.4 4.78 105.9 4455 -30 

55.1 30.2 4.64 105.3 5008 169 
59.9 30.6 4.74 107.6 5332 246 
49.5 31.9 4.26 89.2 4863 153 
58.1 31.5 4.68 107.6 5379 233 
51.0 28.1 4.59 103.6 4654 122 

t M u l t i p ly by 1 . 1 5  and di v i de by s t ock i n g rat e to  get consump t i on /head 
t t  Better pastu re qua l i ty i n  summe r  a n d  aut umn i mp ro ved  woo l growth 

-2.6 
-2.9 
-2.5 
-2.5 
-2.5 

0.4 
-0.4 
1.1 
0 
1.1 

00 LWT FOO % ConSlllpt ion 
20/1 20/1 {kg) 1/9-20/1 
(kg )  (k g)  (kg IJ.1/ha) 

-1.8 -1.9 0.01tt 129.4 256 
-2.1 -1.6 o.o2tt 129.5 234 
-1.8 -4.2 0.08tt 127.5 249 
-1.7 -1.6 0.03 129.6 278 
-2.0 -2.6 -0.01 129.3 196 

Larrbing day 252 

0.7 -2.6 -0.1 1 129.3 301 
-0.5 -3.4 -0.20 129.9 169 
0.8 -5.1 -0.06 122.8 321 

-0.4 -3.8 -0.14 129.6 128 
0.9 -2.3 -0.12 128.5 362 
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wei ght was on ly redu ced due to t he i ncreased p roport i on of tw i n l ambs . 

D e l ayed l amb i n g ,  howeve r ,  redu ce d  l amb s e l l i n g wei ght (Ta b l e  8 . 1 6 )  both 

t h rou gh reduct i ons  i n  l amb age and the i ncreased p roport i on of tw i ns . 

Add i t i ona l s p ri n g  consumpt i on resu l t i n g f rom i ncreased numbe rs of 

l ambs on ly amou nted to a ma xi mu m  of a bout 5% of tot a l  consumpt i on ove r  

t he p e r i o d  Septembe r 1 t o  J a n u a ry 2 0  (Ta b l e  8 . 1 6 ) . Th i s  ne ve rt he l ess  was 

e nou gh t o  redu ce the l e ve l of  ret i r i n g req u i red i n  most yea rs (Ta b l e  8 . 1 5 ) . 

T h e  mode l h a s  s hown ,  i n  theory ,  the  advantage to  rotat i on a l  

g raz i n g o ver  set stock i n g a t  l a mb i n g .  Th i s  u ses the feed bu i l t  up  by 

t he w i nter  rot at i on most eff i c i ent ly  to ma x i mi s e ea r ly s p r i n g  pastu re 

g rowth  rates . H oweve r no account has been taken of an i ma l  beh a v i ou ra l  

p rob l ems that may l i mi t  the  p ract i cab i l i ty of th i s mana gement , 

p a rt i cu l a r ly at h i gh l ambi n g  percenta ges . Tab l es 8 . 1 7  a n d  8 . 1 8  mi r ror 

T a b l es 8 . 1 5  and 8 . 1 6 for the s i tu ati on where ewes are set-stocked at 

l ambi n g .  P rof i t a bi l i ty was redu ced qu i t e ma rkedly as a resu l t  of set 

stock i n g at l ambi n g  ( compa re Ta b l e s 8 . 1 5  a n d  8 . 1 7 ) .  The di fferent i a l  

between  rotat i ona l and  set -s tock i n g sy stems i ncreased a s  l ambi n g 

p e rce nt  i n c reased .  I f  i nc reases i n  l amb i n g  percentage dete rmi ne 

that ewes  can not be rotat i ona l ly g razed i mme di ate ly after l amb i n g ,  the 

a dva n t a ge gai ned f rom the ext ra l ambs may be ve ry mea gre ,  based on the 

current gross  ma rg i n funct i on .  I n deed at the  p rev i ou s ly opt i ma l  

s tock i n g rate ( 1 8 )  a l oss wou l d  resu l t .  

T h e  va l u es i n  Ta b l e 8 . 1 9  ref l ect break -e ven cos ts p e r  ewe for  a ny 

t reatme nt u sed to  a rt i f i c i a l ly i nc rease l ambi n g percent by t h e  

respect i ve ma rgi n s . 9 T h e  potent i a l  for  a ny t reatment u s e d  to  i nc rease 

9Becau s e  ma nageme n t  for  the i ncreas ed ovu l at i on rate systems we re 
s peci f i ed  at the  bes t l eve l of ret i ri n g  for  each yea r the s ame 
c r i t e ri a we re a p p l i ed to  the  cont ro l systems . Th i s  mea nt t h a t  i n  
Tab l e 8 . 1 8 ,  gros s ma rgi ns i n  the  cont ro l  d ry autumn s were i nc reased to  
$41 7 . 28 a n d  $422 . 7 3  at stock i n g rates  1 6  and  1 8 ,  res pect i ve ly .  
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TABLE 8 . 1 7 :  Gros s ma r g i ns  for  cont ro l and  i n c reased ovu l at i on rat e 
systems u n de r  set s tock i ng at  l ambi ngt  

Stock i n g Lamb i n g  Day 234 244 
R at e  O vu l a t i on R a t e  Con t ro l  1 80 200 Cont ro l 1 80 200 

( ewes /h a ) Yea r 

1 6  Ave ra ge 43 1 . 25 460 . 75 4 7 5 . 15 430 . 2 1 0 449 . 35 47 6 . 05 

Wet Autumn 463 .4 1 0 494 . 6 1 0 5 14 . 25 426 .4 1 0 464 . 0 1 0 4 7 9 . 05 

Dry Autumn 387 . 95 4 1 0 . 55 4 1 2 . 0  389 . 95 4 1 9 . 15 432 . 35 

Ea r ly  Sp r i n g  459 . 6 1 0 487 . 75 5 1 4 . 95 442 . 0 1 0 468 . 7 1 0 49 1 . 25 

Late S p r i n g  398 . 95 406 . 5  4 1 3 . 2  403 . 65 4 1 5 . 05 42 1 . 8 

Mean  428 . 2  452 . 0  465 . 9  4 18 .4  443 . 2  460 . 1  

Lambi n g  Day 242 25 2 

1 8  Ave r a ge 434 . 05 456 . 3  468 . 3  439 . 75 456 . 75 4 7 6 . 0  
W et Autumn 463 . 55 489 . 4  49 7 . 3  436 . 75 503 . 55 50 3 . 35 

D ry Autumn I n feag . I nfeas . I n feas . 389 . 0  4 1 3 . 9  I n fea5 . 
E a r ly S p r i n g  467 . 8  494 . 7  51 3 . 9 457 . 55 487 . 55 500 . 7  
Late Sp r i n g  388 .4  368 . 2  364 . 0  396 . 3  407 . 2  403 . 2  

Mean  423 . 8  453 . 7  

t S u bs c r i pt  rep resent  t h e  numbe r of  paddocks  ret i red 
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TABLE 8 . 1 8 :  Some p hy s i ca l  di f fe rences between the  cont ro l t a n d  the 
i nc reased ovu l at i on rate sy stems u nde r set stock i ng at l amb i n g  

S tock i ng Ye a r  G reen Ewe Ewe Lamb Ewe Lambi n g  Addi t i on a l  
R ate Cove r  LWT LWT LWT FLWT % Consumpt i on 

( ewe/h a )  27/ 1 0  27/ 1 0  20/ l 20/ 1 1 / 9 - 20/ l 
( k g  DM/h a )  ( k g ) ( k g )  ( k g )  ( k g )  ( k g  DM/h a )  

L a mb i n g  Day 2 34 

1 6  Ave.r.a ge - 1 0 2  -8 .0  -5 . 7  -3 . 7  -0 . 0 5  1 28 . 4  - 22 
Wet Au tumn - 1 5 1  -5 . 1  - 3 . 8  - 2 . 8  -0 . 0 3  1 2 9 . 4  181  
D ry Autumn - 87 - 6 . 8  -4 . 6  -6 . 5  -0 . 03 1 26 . 3  - 65 
E a r ly s p ri n g  - 1 5 1  - 7 . 7  - 5 . 4  -3 . 1  -0 . 0 1  1 2 9 . 2  3 5  
L a t e  s p r i n g  - 44 -6 . 7  -4 . 9  -5 . 1  - 0 . 0 9  1 28 . 1  - 1 0 1  

Lambi n g  Day 2 52 

1 8  A ve ra ge - 1 1  -2 . 9  - 2 . 6  -4 . 1  -0 . 1 3 1 29 . 0  9 1  
W et Au tumn - 13  -3 . 7  -3 . 1  -3 . 4  -0 . 1 7  1 29 . 7  1 18 
D ry Autumn I n fea s i b l e  
E a r l y  S p r i ng  - 33 -4 . 9  -4 . 1  -4 . 3  -0 . 1 7  1 2 9 . 3  - 8 
L a t e  S p r i ng - 48 - 6 . 5  - 5 . 2  - 5 . 0  -0 . 1 5  1 2 7 . 1  2 7  

t See Ta b l e  8 . 1 6  for  cont rol  sy stem featu res 
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ovu l at i on rate w i l l  obvi ou s ly depend  on  i t s cos t i n  re l at i on t o  thes e .  

R et u rns  pe r ewe w e re s l e n de r  a t  1 8  ewes /h a ,  a n d  i t  may be seen that 

t hey f a vou red t h e  ea rly l ambi n g  day when the  dry autumn season was not 

con s i dere d .  I t  i s  poss i b l e  t hat retu rns  may be fu rther i mp roved 

at 18 ewes / h a  i n  conju n ct i on w i t h  the u s e  of n i t rogen to  redu ce  the 

effect s o f  a l at e  s p ri ng . H owe ve r ,  i t  i s  c l ea r  that p rof i tabi l i ty 

w i l l  i nc rea s i n g l y  fa vou r t he l ower  s t ock i ng rat e where a cost i s  

att ached  to  i nc reas i ng ovu l at i on rate .  

Ta b l e  8 . 1 9 :  B re a k e ven  cost s  pe r ewe ( $ )  for i nc reas i n g ovu l at i on rate 
o ve r  a ra n ge of  seasons  

St ock i ng R a t e  1 6  18 
L a mb i n g  Day 2 3 4  242 252 

O vu 1 at i on R a t e  1 80 200 1 8 0  200 180 200 

Y e a r 

A ve ra ge 1 . 8 2  3 . 3 2  1 . 6 5  2 . 63 0 . 80 2 . 14 
Wet Au tumn 2 . 2 8 3 . 5 5  1 . 54 2 . 3 1  - 1 . 4 5  0 . 5 0  
D ry Autumn 2 . 0 9  .2 .  7 8  1 . 43  i nfeas i b l e  1 . 0 3  1 . 7 3  
E a r l y  S p r i n g  1 . 44  3 . 6 3  1 . 3 0  3 . 06 -1 . 4 1  0 . 6 3  
L a t e  S p r i n g  1 . 3 5  2 . 2 6  - 0 . 8 0  -0 . 85 1 . 49  1 . 9 8  

Mean  1 . 8 0  3 . 1 1  1 . 0 2  1 . 42t 0 . 7 6 1 .40 

tD ry au tumn t a k e n  a s  0,  a s  wou l dn ' t  i mmu n i se i n  these seasons 



1 88 

8 . 3 . 3  Effects of Hypothet i ca l  Changes to Factors Affect i ng Pastu re 

and Ani ma l  P roduct i vi ty 

W i th i n  the  f ramework of concepts  repres ented i n  the mode l , the  

re l at i ve i mp o rt a nce of seve ra l  fact ors affect i n g pas t u re and  a n i ma l  

p e rforma nce were i n vest i gated i n  re l at i on t o  sy stem performa nce . Th i s  

w a s  done by a s s es s i n g  the s e ns i t i v i ty of sy stem output  to  cha n ges i n  

one f a ctor  at a t i me ,  under  a gi ven ma na geme nt s t rategy .  

I n creases i n  g ros s ma rgi n du e t o  each factor  were det ermi ned 

rel at i ve to gross ma rgi n u nde r p revi ou s ly def i ned opt i ma l  graz i n g 

deci s i ons  at 1 8  ewes /ha  ( s ee Ta b l e  8 . 1 2 ) . 1 0  

8 . 3 . 3 . 1  A n i ma l  F actors 

E f fects on system prof i t ab i l i ty ,  of:  i nc reases to potent i a l  

f l eece wei ght , remova l of the  wi nter dep res s i on i n  pot ent i a l woo l 

growth rates , dec rea sed  l a mb and  ewe mo rta l i ty rates , and  i ncreased 

vol u nt a ry i ntak e ,  a re shown i n  F i g .  R . 2 1 . 

L e ve l s  of the  factors stu d i ed were: ( 1 )  ewe mort a l i ty rat e ;  

ze ro mo rt a l i ty ,  ( 2 ) l amb mo rt a l i ty rat e ;  6 a n d  1 2  pe rcent a ge u n i t 

redu ct i ons to mode l determi ned morta l i ty ;  ( 3 )  potent i a l woo l  growth 

rates ; p l u s  1 0  a n d  20% at a l l l e ve l s  of nut ri t i on ,  ( 4 )  vo l u nt ary 

i nt a k e ;  p l u s  1 0  a n d  20% , and  ( 5 )  w i nter potent i a l woo i growth rates ; 

rep l a ced by au tumn potent i a l  g rowth rates . 

R e s ponses were cons i de red  at bot h 1 6  a n d  1 8  ewes /ha . Ot her  

mana gement deci s i on s  rema i ned at  l e ve l s  gi ven i n  Ta b l e  8 . 1 2  for the  

res pect i ve s tock i n g  rat e ,  except for  the ret i r i ng  dec i s i ons  wh i ch were 

1 0M . ean  g ross ma rg 1 n 
1 8  ewes /h a i n  Ta b l e  

i n  Sect i on 8 . 2 . 4  , 
po ly nomi a l . 

a c ross  a l l  yea rs from s i mu l at i n g  the dec i s i ons at 
8 . 12 was $460/ h a .  Th i s  d i ffers from $465/ha  gi ven 
w h i c h  was an est i mated va l u e f rom the f i tted 
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a l t e red where necessary t o  ensure t hat  the  sy stem performance was  not 

res t ri cted by an exces s i ve l e ve l of  ret i ri n g .  Speci f i ca l ly ,  l e ve l of 

ret i ri n g wa s s et to zero for t he vo l u ntary i ntake  ana lyses  ( i n cont ro l  

a nd hypot het i ca l  sy st ems ) .  I t  w a s  a l so set t o  zero i n  d ry autumn 

s ea s ons  for t h e  reduced l amb a n d  ewe morta l i ty rate a n a lyses , and  i n  

t he a vera ge y e a r  for the  l atte r ana lys i s .  

Major  res u l t s  from the  experi ment were : 

( a )  I n c reases  i n  potent i a l  woo l  growth  we re mi rrored exact ly i n  

a ct u a l  wool growth at both stock i ng rates ( i . e .  p l u s  1 0  a n d  20% ) ,  w i t h  

l i t t l e  o r  no  e ffect o n  ot her  perfo rma nce p a rameters . 

resu l t  was con s i stent across a l l yea rs (Ta b l e  8 . 20 ) .  

F u rthe r ,  th i s  

The  sma l l amount 

of arldi t i on a l  energy req u i red  for  e xt ra wool p rodu ct i on caused  a 

n eg l i gbl e redu ct i on i n  ewe l i vewei ght th rou gh ou t the yea r .  

( b )  The remova l o f  t h e  w i nter  depress i on i n  woo l growth res ponses 

l i fted  annu a l  f l eece wei ght  i n  the orde r of 9 . 5% ,  w i t h  on ce a ga i n ,  

l i t t l e  effect o n  other pe rforma nce p a rameters . I n  pra ct i ce t h i s may 

p os s i b ly  be a ch i eved  by h ormona l adj u stment tech n i ques s u ch as  

t hy rox i ne i mp l a nts (Ha rt , 1 9 55 ) . 

( c )  I n cre a s es to vo l u nt a ry i nt ake  i n  the p resent sy stems l ed to 

g reater  adva n t a ges at 16  ewes / h a  t han  at  18 (F i g . R . 2 1e ) .  At 

1 8  ewes /h a ,  i nc reases i n  consump t i on over s p ri n g  and ear ly  summe r 

e xces s i ve ly re duced pastu re cove r i n  the autumn . Th i s  i n  t u r n  reduced 

f l eece wei gh t s , l ambi n g  pe rcent and gross ma rgi ns  i n  a l l yea rs except 

w et autumns . I n  dry autumn s ,  i t  cau s ed the sys tem to co l l apse . 

S i mi l a r  t re n ds began  to a r i se a t  the  h i ghes t l e ve l of  vo l u n t a ry i ntake  

at  16  ewes /ha  ( Tab l e 8 . 20 ) ,  bu t at the  l ower l eve l substant i a l  

i ncreases were recorded i n  a l l  components of p roduct i on ( Ta b l e 8 . 2 1 ) .  
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TABLE 8 . 20:  Seas ona l d i f fe ren ces i n  gros s ma rgi n ,  re l at i ve t o  cont ro l  sy stems at  best stock i n g rate 
( an i ma l  fact ors ) 

' Best ' 

Ye a r  
--- - -----·-

F actor Factor  Stock i n g  Average Wet Autumn D ry A utumn Ea r ly S p ri n g  Late S p r i n g  
L eve l  R ate  

P otent i a l  Wool  G rowth +10% 18  2 7 . 4  2 9 . 2  24. 7  28. 1  2 7 . 7  
R at e  

+20% 1 8  54 . 5  58. 3 49 .4  56 . 0  5 5 . 5  

W i nter  Wool  G rowth Rate  see t e xt 1 8  24. 4  2 7 . 1  2 0 . 0  24 . 7  24 . 5  

Vo l u n t a ry I ntake  +1 0% 16 7 1 . 9  66 . 6 6 6 . 9  80. 3  1 4 . 5  

+20% 1 6  3 7 . 6  7 5 . 3  1 8 . 7  4 2 . 3  5 . 0  

Lamb Mort a 1 i ty - 6% 18  7 . 4  18 .2  26 .8  1 2 . 3  - 0 . 3  

- 12% 18 1 2 . 6  30 .9  3 7 . 1  1 9 . 5  - 2 . 4  
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TABLE 8 . 2 1 :  Phys i ca l  di f ferences between t h e  cont rol a n d  t h e  
i ncreased vo l u nt a ry i nt a ke sy stem a t  1 6  ewes / h a  

Y e a r  Lamb LWT Lamb i n g Woo l Wt 
2 0/ 1  % ( k g/ha ) 
( k g )  

Average 3 . 5  3 . 8  4 . 2  
Wet Autumn 3 . 6  2 . 0  3 . 7  
D ry Autumn 3 . 6  4 . 1 2 . 6  
E a rly S p r i n g  4 . 2  2 . 8  4 . 3  
Late  S p r i n g  0 . 8  - 0 . 1  1 . 4 

E f fects  of  i n creased vo l u nt a ry i ntake were greatest  when t h e re 

were no ma n a gement cont rol s on i ntake ,  i . e .  u nde r set stock i n g .  

Consump t i o n over t h e  per i od Septembe r 1 t o  J a nu a ry 20 i ncrea sed as a 

percent a ge of  annu a l  consumpt i on (Ta b l e  8 . 22 ) . Conseq uent ly more 

e f f i ci ent u t i l i sat i on of spr i n g  feed a nd i n creased ewe and  l amb growth 

rates resu l t ed . I mp roved cont rol  ove r  pastu res i n  l ate  spr i n g  was 

a l s o pa rt ly  respons i b l e  for  i mp roved ewe growth  rates i n  autumn , ow i n g 

t o  i mp roved p a s tu re q u a l i ty .  However the  e f f ect of i ncreased 

vo l u nt a ry i n take  i n  a l ate  spr i n g  yea r was to grea t ly redu ce s p r i ng  

p as t u re growth  rates , becau se the  i n c reased graz i n g p ressu re 

s u ppressed t h e  bu i l d  u p  of  pastu re co ve r we l l  i nto  spr i n g .  Th i s  was 

t he reason fo r poo re r ove ra l l ewe and l amb res ponses i n  the  l at e  

s p r i ng  yea r .  
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TABL E  8 . 22 : E f fects o f  i n creased  vo l u nt a ry i ntake o n  consumpt i on 
p at t e rn s  ( me a n  ove r  a l l seas on s  1 6  ewes /h a )  

A n  n u  a 1 A n nu a l  % Tot a l  Annu a l  
System Consump t i on  Growth Cons u mpt i on Ut i l i s at i on 

{ k g  OM/h a )  ( k g DM/ha ) between Rate  
1 /9 - 20 / 1  ( % )  

C on tro l  8 1 7 2  1 32 60 5 5 . 1  6 1 . 6  

V I  ( + 1 0% )  8783 1 2825 5 7 . 9  68 . 5  

V I  ( +2 0% }  8438  1 1 2 5 6  58 . 5  7 5 . 0  

( d )  The  effects o f  decrea s e d  l amb mo rt a l i ty were s i mi l a r to 

t hose where l amb i n g  p e rcent was i ncreased  th rou gh i ncrea s i ng  ovu l at i on 

r at e .  Th e maj o r  d i f fe rence  was that the effect on ewe l i vewei ght of  

rear i n g  mo re l ambs , was  ref l ected i n  reduced ovu l at i on rates . Th i s  

meant that  t h e  fu l l  6 a n d  12%  i nc rease i n  l ambi n g  pe rcentage was not 

rea l i se d ,  a n d  was p a rt i cu l a r l y  e v i dent i n  the  l ate  s p ri n g  year  

( T a b l e  8 . 2 3 ) .  

Tabl e 8 . 2 3 :  Phy s i ca l  d i f fe rences  between t h e  con t ro l  ·a n d  t h e  
hypot het i ca l  l amb mo rta l i ty { - 1 2% )  sy stem a t  1 8  ewes /ha  

L a mb LWT Lamb i n g  Wool  Wt Lamb LWT Ovu l at i on 
Yea r 2 0 / 1  % ( k g /h a )  ( k g/h a )  Rate 

( k g )  ( e ggs /ewe ) 

A v e ra ge -0 . 9  7 . 7  - 1 . 5  24 . 3  - 0 . 0 5  
W et Autumn -0 . 6  1 0 . 2  -0 . 5  4 4 . 0  -0 . 0 1  
D ry Autumn t t  -0 . 6  1 0 . 4  0 . 6  47 . 9  +0 . 0 3  
E a r ly  S p r i n g  -0 . 8  8 . 7 - 1 . 3  32 . 1  -0 . 03  
Late  Sp ri n g  -0 . 2  2 . 1  -2 . 2  1 3 . 8  -0 . 1 5  

t t  5 fewe r pa ddock s ret i red than  i n  cont ro l system 
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(e ) Reduced  ewe mo rt a l i ty res u l ted i n  an  i n creased gross ma rgi n 

ow i n g  to redu ce d ewe rep l acement costs , a n d  i ncreased woo l 

we i ghts /ha . The  cha nge i n  l ambi ng  p e rcen t a ge (Ta b l e  8 . 24 } ref l ected 

t he ba l a nce betw een the add i t i on a l  l ambs rea re d on the add i t i on a l  ewes 

a nd the redu ct i on i n  ovu l at i on rate connected to l ower ewe l i vewei ght 

i n  s p ri n g ,  ca u s e d  by a h i ghe r spr i n g  stock i n g rate . 

Tabl e 8 .24 : P hy s i ca l  rl i f ferences between the  cont ro l a n d  the  zero 
ewe mort a l i ty sy stem � 1 8  ewes /h a  

Y e a r  Lamb LWT Lamb i ng  Woo l  Wt Lamb LWT Ovu l a t i on 
2 0/ 1  % ( k g /h a )  ( k g /h a )  Rate  
( k g }  ( e ggs /ewe ) 

A v e r a gett -0 . 5  6 . 2  4 . 4 23 . 1  +0 . 0 1  
W et Autumn -0 . 8  5 . 1  3 . 6  1 2 . 3  -0 . 0 1  
n ry Autumn tt -0 . 5  4 . 7 3 . 8  19 . 0  +0 . 0  1 
E a r ly  Sp ri n g  - 1 . 0  3 . 3  2 . 4 - 1 . 6  -0 . 04 
Late  Sp r i n g  -0 . 4  - 3 . 3  1 . 2 -23 . 9  -0 . 1 6 

t tS fewe r paddock s ret i red  than  i n  contro l  system 

Overa 1 1 ,  two maj o r  conc l u s i ons eme rged f rom the above resu l t s .  

F i rs t ly , the  a p p a rent rewa rd t o  i nc reas i ng f l eece growth potent i a l i s  

comp a ra b l e ,  i f  n ot g reat e r ,  than  that f rom i ncrea s i n g l ambi n g 

p e rcentage a n d  i s  l es s  subj ect t o  sea s on a l  va ri ab i l i ty .  Secon d ly , 

i nc reases to  vo l u nt a ry i nt a k e  may p rovi de t h e  best mea ns  of ach i evi n g  

g reater  eff i c i e n cy of  feed u t i l i s at i on ,  oth e r  a n i ma l  res ponses be i n g 

equa l . A h i gh e r  vo l u nt a ry i ntake  a l l owed h i ghe r  effect i ve stock i n g 

r ates , and  a n i ma l  growth rates , to  be ach i eved i n  t i mes of s u rp l u s ,  

w h i l e  havi n g  re l at i ve l y  l i tt l e  effect du ri n g  t i mes  of feed 

res t ri et i on .  
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8 . 3 . 3 . 2  Pa stu re Fa ctors 

S e n s i t i v i ty of t h e  sys tem to  changes i n  a ra nge fact o rs 

i n f l u en c i n g  p a st u re p ro du ct i on a re s how n  i n  F i g . 8 . 22 . Mea n  responses 

r a n ge f rom me d i ocre at bes t ,  t o  i nfe r i o r  at  wors t .  Howeve r ,  i n  many 

cases t h i s p robab ly  ref l ected the  u n s u i t a bi l i ty of the graz i n g 

dec i s i on s  for  cap i ta l i s i n g on t h e  chan g i n g  feed supp l i es i ndu ced ,  

e spec i a l ly i n  good  yea rs . I n  poo r yea rs , res ponses we re f avou rab l e  i n  

a l l  c a s e s  at  1 8  ewes/ha  (Ta b l e  8 . 2 5 ) ,  bu t not at 20 ewes /h a .  

T h e  t emp e ra t u re fu nct i on was a l t e re d  a rbi t ra ri ly by s h i ft i n g the  

e nt i re fu n ct i on by - 2  °C  t o  rep re sent  a mo re a ct i ve coo l season 

p astu re . As a resu l t  w i nter  pastu re g rowt h  rates ( between 12/5  a n d  

1 / 9  ) we re h i gh e r  by between 25  to  2 9% i n  t he hypothet i ca l  sy stems . 

T h i s ,  i n  con j u ct i on w i t h  good e a r ly s p r i n g  growth rates , produced rru ch 

h i gh e r  s p ri n g  p a s tu re cove rs than  i n  t h e  cont rol  systems , wh i ch i n  

a bove a v e ra ge seasons  seve re l y  compou n ded  pastu re cont rol  a n d  q u a l i ty 

p ro b l ems i n  s umme r .  I n  poor years , howeve r ,  system performance was 

d rama t i ca l ly i mp roved  by i ncreases to  ewe and l amb wei ghts i n  the 

s p r i n g  ( + 1 0 . 2  a n d  +2 . 2  k g  res pect i ve ly i n  l at e  s p r i ngs ) .  

N ot u ne xp ect ed ly , d ry autumn yea rs we re mos t  fa vou red by 

i nc reases  of 5 a n d  1 0% t o  t ra ns p i rat i on eff i c i ency and by redu ct i ons  

i n  t he c r i t i ca l  s o i l moi s tu re l e ve l at  wh i ch past u re su ccumbs to  

d rou ght , by i nc rea s i n g s enescence ( Ta b l e 8 . 2 5 ) .  W i t h  the forme r ,  

i mp roved s o i l mo i s tu re con d i t i ons  i n  l at e  December a n d  J a nu a ry 

p ro duced  s u rp l u s  feed at  t h i s  t i me ( +450  t o  +520  k g  OM/ha ) .  I n  dry 

a utumn s ,  feed t ra nferred  f rom t h i s  su rp l u s ,  p l u s  a dd i t i on a l  growth 

p romoted  by i mp roved use of l i mi ted au tumn rai n fa l l produced 

d es i rab l e  effects  on bot h  autumn consump t i on  ( +232  kg  DM/h a f rom 
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TABLE 8 .25 : Seasona l di ffe rences i n  gros s ma rgi n ,  re l at i ve to  cont rol  sy stems at bes t stock i n g rat e 
( p as tu re factors ) 

Ye a r  

- - - ------
• s est  • 

F a ctor  Fa ctor  St ock i n g A ve ra ge Wet Autumn Dry , Autumn Ea rly S p ri ng Late  Spr i n g  
Leve l  Rate  

Tempera tu re - 2 °C 18  1 2 . 1  -53 . 0  6 5 . 1 -2 1 . 2  64 . 0  
-

T ransp i rat i on 
E ffi c i ency +10% 18 -23 . 1 -56 . 2  2 5 . 3 - 39 . 7  - 1 9 . 1 

-

C ri t i ca l  Soi l Moi s tu re 
for  Drou ght Sene s cence 0 18  9 .8  - 1 . 0 42 . 7  2 . 0  14 . 0  

--

S enescence Rate -20% 18 43. 7  0 . 2  53 . 2  4 . 5  58 . 3  

Potent i a l  Pastu re Growth 0 . 0 3  1 8  4 . 0  -44 . 9  66 . 9  -32 . 7  48 . 2  

tB ase  sy stem was 18  ewes /h a w i t h  opt i ma l  dec i s i ons 
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J a n u a ry 2 0  to  A p r i l 1 4 ) ,  a n d  pas tu re cove r at the beg i n n i n g  of w i nter  

( +6 7 8  kg  DM /h a on  Apr i l 1 4 ) .  

F o l l owi n g  a redu ct i on i n  t h e  cr i t i ca l  so i l mo i s tu re pa ramet e r  

( DRTD ) f rom 1 8% t o  ze ro a va i l a bl e soi l mo i s tu re ,  more green O M  was 

t ra n s fe red  forw a rd to  support autumn consumpt i on i n  dry years . I n  

mo i s t yea rs , ,  s o i l s  se l dom dr i ed out s o  t he re was l i tt l e  o r  n o  effect 

f rom redu c i n g  DRTD . 

A s  ba s i c  senes cence rates we re decreas ed , greater forwa rd 

t ra n s fe r  of feed took p l a ce . When  t h e  t ransfer  was towards a peri od 

of h i gh dema n d  ( e . g .  s pr i n g )  f rom a per i od of l ess dema nd ( e . g .  

w i nte r ) ,  i t  encou ra ged futu re con sump t i o n ,  and/or growth .  F o r  

i nst a nce , i n  a l a te spri n g  yea r ,  desp i t e a h i gher  pastu re cove r on 

A p ri l 14 ( +  3 1 2  k g  DM /h a )  i n  t he ' -20% ' senescence rat e system,  

g reen pastu re l os s es f rom t he sy stem by Septembe r 1 were s i mi l a r  to  

t he con t ro l  sy stem  ( 1 136  comp a red to  1 1 33  k g  DM/h a ) .  T h e  n et resu l t  

was  a 221  k g  DM/ h a  advantage i n  cove r  on Septembe r 1 a n d  add i t i on a l  

n et consumpt i on o f  88 k g  DM/ha ( a ddi t i on a l  consu mpt i on mi n u s  

a dd i t i on a l  growth ) ove r w i n t e r .  Obv i ou s ly i n  good seasons , where the  

sy stem i s  l es s  s e ns i t i ve to  feed t ra n s fe rs ,  or  where such t rans fers 

p rodu ce pastu re cont rol  p robl ems , advant a ges from redu ced sene scence 

rat es decl i ne .  

A d di t i on a l  feed p roduced by i ncreas i n g the  potent i a l pastu re 

g rowth  pa ramet e r  ( PS l ope ) f rom 0 . 027  t o  0 . 0 3 ,  w i t h  the accomp a ny i n g 

1 0 -d ay advance i n  rep rodu ct i ve growth ,  was e i ther  used ,  o r  

t ra n s fe rred,  t o  a d vant age i n  poor seas ons . Howe ve r i n  a ve ra ge a n d  

good s eas ons sympt oms o f  u n de r- s t ock i n g occu r re d .  I n c reas i n g stock i n g 

rat e t o  20 ewe s / h a  i n  the  l att e r  seasons  s t i l l  l e ft gross  ma rg i ns  

$55/ha  he l ow t h e  mean  of t hese s e asons i n  the  base  sy s t em.  P a rt of 
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t he reas on for  t h i s was  a l most  cert a i n l y  du e t o  an  excess i ve de l ay i n . 

l ambi n g  day at  20  ewes/h a u n de r these  con d i t i ons , as evi denced by 

re l at i ve ly  h i g h  p a s t u re cove rs i n  s p r i n g  { 1 388  k g  DM/ha on October 2 7  

i n  a n  a ve rage yea r ) . 

I n  gene ra l ,  t h e  forego i n g  a l l su gge s t  that  attent i on wi l l  need t o  

be  p a i d  t o  a numbe r o f  a s p ect s of  g raz i n g ma n a gement i n  good yea rs i f  

c h a n ges  t o  potent i a l  pa s t u re p roduc t i on a re t o  be ref l ected i n  

f a vou r a b l e a n i ma l  respon ses . I n  pa rt i cu l a r ,  advanc i ng l ambi n g  d ay t o  

t ak e  a dva n t a ge of i mp roved s p r i n g  condi t i ons , and  maybe i ncrea s i n g  

s tock i n g rat e a n d  l e ve l o f  ret i ri ng ,  i n  l at e  s p ri n g ,  wi l l  need t o  be 

c on s i dered .  Howeve r ,  on ly  i n  p redomi nant ly  d ry summe r  regi ons  i s  

a t t en t i on t o  d rou gh t - t o l e ra nt spec i es  l i k e ly  to  be profi tab l e .  

8 . 4  SENS I T I V I TY TO AN EXTENDED RANGE O F  PARAMETERS 

A l l t he conc l u s i ons  rea ched i n  t h i s  C h apter  h a ve been based on 

t he u n de r ly i n g a s sump t i o n  t ha t  mode l s t ru ct u re a n d  pa ramet e r  va l ues 

a re accu rate . As p re vi ou s ly i ndi cated , a fa i r degree of confi dence 

w as ga i n e d  i n  the mode l p ri o r  to experi mentat i on .  Howeve r i t  was 

dec i ded  to t es t ,  w i t h i n  t h e  context of a we l l defi ned · sys tem, the 

s en s i t i v i ty of  mode l ou t p u t  to a rbi t ra ry c h a n ges t o  a ra n ge of 

p a rame t e rs wh i ch h a d  not been s peci f i ca l l y  s u bj ect to ca l i brat i on .  

Des p i t e  obj ect i ons  ra i s e d  t o  t h i s  form o f  sens i t i v i ty ana ly s i s  i n  

S ect i on 3 . 4 . 4 , i t  appeared  t h at t he re was  no  ot h e r  mea ns  of forma l ly 

a ss es s i n g  the  effect s of  p os s i bl e i nco rrect s peci f i cat i on of these 

p a ramet e r s . The  sy stem c h os en was the opt i ma l  sy stem a t  18  ewe s /h a ,  

i n  a n  a v e rage  yea r .  

T h e  p a rameters tes ted  a re descr i bed i n  Ta b l e  8 . 26 and  sen s i t i v i ty 

o f  t h e  ma j or components  o f  output  t o  c h a n ges i n  these  pa rameters i s  

g i ve n  i n  t he s ame T a b l e .  
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TABLE 8 . 2 6 :  Resu l t s  o f  sens i t i v i ty ana lys i s o n  se l ected  pa rameters 

Pararreter 
Nurrrer 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

14  

15 

Descri�tioo and Effect Perturbation 
of Pararreter 

Mai ntenance factor for grazi ng hi 1 1  coontry ± 10% 

ParillEter red.Jcing VI aoo� 50 kg LWT -20% 
Water hol di ng capacit;y A hori zoo and therefore 
of B ± 5 nm 

Water holding capaci ty B horizon an::! total profi le ± 15 nm 

Comrencerent of reprodJcti � pasture grcwth 

Subsituti oo of mi lk for grass i n  suck 1 i ng 1 crrb 
Suckl i ng l arrb VI 
ParcrTEter control li �� i ntake/co�r rylatiooship 
und:r set stod< ing = graze harc:Er 

PariiTEter i nfluencing co(+r restri ctioo to i ntcl<y 
at di fferent a l lcwances + = greater restri ctioo 

± 10 d�s 

± 10% 

± 10% 

± 10% 

± 10% 

ParffiEter i nfluenci ng prwortim of i ntcl<e achi e�d 
at a gi ven a l lcwance (+ i ncreases i ntake) ± 10% 

Days per cfhctbd< \tklen use set stock functioo for 
i ntcl<e r her than a l lcwance function 4 

Sl qJe of VI/pasture qual ity furctim 
( + = greater i ntake at gi �n qua 1 ity)  ± 10% 

Sl ope of diet selectioo functioo '+ i ncreases 
di �tibi l ity Qf diet

)
selected re ati� to 

pasture di gest1 bi l i ty 
± 10% 

Sl q:>e of �reen co�r/red.Jctioo i n  di gesti bi l ity  
flllctioo + = greater red.Jction/unit green co�r) ± 20% 

�xi(; Pei?tl,lre dbrsti bi l itt as §Mfed � 
t 1rre p roVl d1 ng n greater han ± 10% 

Gross Margi n 

( $/ha) 
+ -

-00.5 54.2 

1.1 

0.6 - 0.8 

- 1.5 -31.6 

-13.3 2.3 

-14.8 6.6 

29.4 -85.7 

- 3.5 - 1 .2 

1.2 - 1 .5 

-11.4 8.5 

-00.9 

5.4 -79.0 

s.o -113.5 

-29.5 6.3 

50.8 -154.1 

s�nsiti vi tta. 
Larrb Se 1 1 1 ng rrbi ng % 

(� + - + -

-3.9 2.6 -7.0 5.1 

0 0. 1 

0 0 0.1 -0.1 

0 -1 .4. -0.6 -1.3 

-0.7 0.2 -0.7 0 

-1.2 1 0.6 -1.1 

3.5 -5.1 -2.9 0.3 

0 -0.1 -0.5 -0.1 

0.1 -0.1 0.1 -0.1 

-0.7 0.6 -0.6 0.2 

-3.6 -5.4 

-1.2 1.7 4.0 -16.6 

0.2 -4.1 0.3 -8.5 

-0.5 -0.4 -4.0 2.1 

1.7 -4.5 4.8 -15.6 

. � • � ..t ·_. .. ,. .• ·•· 

Wool ����) + -

0.7 -1.4 

0.4 

0 0 

0.2 -1.5 

-0.3 -0.2 

0.6 -0.6 

-2.0 0.3 

-0.3 0.1 

0 0 

0.2 -0.3 

-0.1 

2.9 -9.9 

0.1 -4.7 

-2.2 1.2 

2.2 -8.1 -
o.\ o....J· ... u �U ... t'l�l>·i� . ..;. •..I .:A... . .r-:.•·., 
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T h e re was con s i derab l e  sens i t i v i ty of ou tput  to cha n ges  i n  a 

n umbe r of the  pa ramet e rs ,  bu t eq u a l ly n o  appa rent effect of oth e rs . 

I n  s ome cases t h e  l at t e r  was  due t o  cho i ce of sy stem and  ra i ses the 

i mport a n ce of  th i s  factor  i n  det e rmi n i n g  pa rameter  sens i t i v i ty .  For  

i ns t a n c e ,  p a rame t e r  2 i s  i mp o rtant  on ly  beyon d  the upper l i mi t  of  ewe 

l i vewe i ght  a t t a i n e d  i n  the  p resent sy s tem, and  p re-graz i n g pastu re 

l eve l s  rema i ned a bo ve the  most  respons i ve zone for  pa ramet e r  9 i n  the  

system s tu d i e d .  P os i t i ve ch a n ges t o  p a rameter  1 4  had l i t t l e  affect 

owi n g  t o  the s t a n d a rd of pastu re con t ro l  a l rea dy ach ie ved ,  whereas for 

p a rame t e r  1 3 ,  re l at i ve i nsens i t i vi ty to pos i t i ve change was due i nstead  

to  the  p resence of  upper  seasona l  c on s t ra i nts  on di gest i bi l i ty i n  the  

mode l . 

O t h e r  e xamp l es of re l a t i ve i nsens i t i vi ty were due t o  pos i t i ve 

e ffect s i n  one p a rt of  the sys tem be i n g c a n ce l l ed by negat i ve e ffects 

i n  oth e rs . F o r  examp l e ,  i nc reas i n g t he s l ope of the pas t u re q u a l i ty ,  

i nt a k e  fu nct i on ( p a rameter  1 2 )  caused  a ma rk ed i ncrease i n  au tumn 

consump t i on a n d  hence l ambi n g  pe rcent  a n d  f l eece wei ght , but i t  

redu ced  ea r l y  s p r i n g  pastu re cove r ,  a n d  consumpt i on ,  wh i ch i n  tu rn 

redu ced  l amb g row t h  rat e .  

T h e  cons i de r ab l e  sens i t i vi ty t o  l e ve l o f  ma i ntenance requ i rements  

( p a ra me t e r  1 )  was  noteworthy but  t h e  i mp l i cat i ons  of  th i s resu l t  are 

c l ea r .  The  on ly a f fect , ot h e r  t h a n  on energy supp l i ed for  p rodu ct i ve 

pu rpos e s , was  on l amb i nt a k e  capac i ty ,  w h i ch i s  re l ated to  l amb 

l i vew e i ght . Vo l u nt a ry i nt a k e  of t h e  s u ck l i n g l amb { p arameter 7 )  a l s o  

h a d  a maj o r  i n f l u en ce o n  sy stem pe rfo rma nce t h rou gh i ts affect o n  l amb 

we i ght a n d  ewe l i vewe i gh t  ( n e gat i ve ly  c o r r e l ated ) . The l at t e r  e ffect 

was du e to mo re feed bei n g  a v a i l a bl e  ( f o r  t h e  ewes ) as  a resu l t  of 

l es s  be i n g eaten by the l ambs . 
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Pe rhaps  the most notab l e  featu re of these res u l t s  was the 

s ens i t i vi ty of the  sy stem to  changes i n  the p a r ameters det ermi n i n g  

d i et q u a l i ty and  i nt ake  ( pa ramet ers 1 1  to  1 5 ) . 

S e ns i t i v i ty of ou t put to  cho i ce of i nt a k e  fu nct i on ( s et stock ed 

or a l l owance - pa rameter  1 1 )  was ma rked for graz i n g du rat i on s  of 

4 day s per paddoc k . T h i s se rved t o  i l l u st rate  the  p robl em of need i n g  

t o  ma k e  a deci s i on abou t  when t o  u s e  t h e  a l l owa nce funct i on a n d  when 

t o  use t he set s t ock ed  funct i on .  Use  of the  set stock e4 fu nct i on for  

g raz i n g du rat i ons  of  4 days  resu l ted i n  mu ch l owe r graz i n g res i du a l s 

( 360 vs 1 00 kg GDM/h a )  a n d  hence h i ghe r con sump t i on ove r w i nte r .  T h i s 

p ena l i sed  s p ri n g  p e rformance . The same ef fect , but mu ch l e ss dra s t i c ,  

was seen when i nt a k e ,  a s  a p roport i on o f  a l l ow a nce , wa s i n creased 

( p a rameter  1 0 ) . 

T h e  q u a l i t at i ve pastu re re l at i onsh i p s had  a maj or i n f l uence 

t h rou g h out  t he sy stem due t o  t hei r dou b l e eff ect on i ntake  and  d i et 

q u a l i ty .  

G i ven the  degree of sens i t i vi ty d i s p l ayed by the model  t o  

a l t e rat i ons i n  p a rameters af fect i ng i ntake  and  pastu re qu a l i ty i t  mu s t  

b e  con c l u ded  that  fu rt her  exper i ment a l  j u st i f i cat i on shou l d  be 

obt a i ned  fo r the  p a rameters u sed  i n  the  mode l . 

8 . 5  SUMMARY 

I n  ea r l i e r sect i ons of t h i s Chapt e r ,  effects of a ra n ge of 

mana gement dec i s i on s  on the performance of  N I HC sheep graz i n g sys tems 

were i n ves t i gated .  T h i s was done i n  orde r  t o  dete rmi ne those  

deci s i ons  wh i ch l e d  to  ' opt i ma l ' system perfo rmance.  
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Graz i n g  deci s i on s  that  ma xi mi s e d  s p ri n g  pastu re product i on and  

' a l l owed ' an  ea rly l ambi n g  day t o  be emp l oy e d ,  were show n  t o  be 

i mp o r t a n t  i n  t h i s cont e xt . 

T he se  con c l u s i on s  we re con f i rmed for a range of yea r types and  

f o r  d i fferent  l amb s e l l i n g dates . 

I n  s u bsequent  s ect i ons , u s e  of  t h e  mode l to  det ermi ne  const ra i nts  

p revent i n g fu rt her  i nc reases  to  p ro du ct i on was demons t ra t e d .  And  a 

numbe r of p os s i b l e a reas  for  fu rt h e r  i mp rovi ng  system performa nce we re 

s how n  t o  h a ve va l ue i n  pa rt i cu l a r  c i rcums t a n ces ( e . g .  n i t rogen 

f e rt i l i se r ,  a rt i f i c i a l  i nc reases  to o vu l at i on rate and i nc reased woo l  

g rowt h  potent i a l s ) .  

F i na l ly a numbe r of  p a rame t e rs i nf l uenci ng  i ntake  a n d  pastu re and  

d i et q u a l i ty we re i de n t i f i ed a s  p os s i b ly  needi n g  fu rther expe r i me nt a l  

j u st i f i cat i on based o n  system s en s i t i vi ty t o  changes ma de to  these  

p a ramet e rs . 

I n  C h a p t e r  9 res ea rch needs a n d  p r i o r i t i es a re di scus sed i n  

re l a t i on t o  bot h  thes e resu l t s ,  a n d  p rob l ems i dent i f i ed du r i n g  mode l 

deve l opmen t  a n d  eva l u at i on .  
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Chapter 9 

RESEARCH NEEDS AND EVALUAT ION OF MODELL I NG 

9 . 1  I NTRODUCT ION 

P rev i ou s  chapters h a ve d i scussed  the  mode l l i n g u ndert a k en i n  th i s  

s tu dy .  Mode l con s t ru ct i on ,  s u bsequent  eva l u at i on and  expe r i menta t i on 

h as t h rown u p  a ra n ge of res ea rch needs and  pos s i bi l i t i es .  An attemp t 

i s  ma de h e re t o  p rov i de an  i ntegrated  eva l u at i on of these needs and  to  

e xami ne the  i mp l i ca t i ons for  resea rch . Then , to  dea l w i t h  the second  

o bj ect i ve ,  t h i s study and  mode l l i n g a re e va l u ated w ith  respect t o  

t he i r ut i l i ty i n  resea rch ma na gement  

9 . 2  E VALUAT ION OF COMPONENT DATA RELAT I NG TO  H ILL COUNTRY SHEEP 

GRAZ I NG SYSTEMS 

One  of the  obj ect i ves of the  s t u dy was to  as semb l e  a n d  eva l u ate 

c omp onent data  re l at i n g t o  N I HC sheep graz i ng systems . Th i s  sect i on 

a t t empts  to  ou t l i ne t h e  state  of comp onent  k now l edge re l e va nt to  h i l l  

c ou nt ry at t h e  t i me  of mode l con s t ru ct i on .  Some of these dat a  needs 

may h a ve s i nce been rect i f i ed .  

� 

C ons t ru ct i on of the  mode l p l ay ed an  i mport ant ro l e  i n  eva l u at i n g 

d a t a  n eeds s i nce i t  p rovi ded a d i sc i p l i ne of speci f i c  i n forma t i on 

req u i rement s . Some of the needs w i l l  be apparent to non mode l l e rs , 

b u t  w i t hou t a rea d i ly  defi ned ( a p p l i ca b l e )  end  u s e ,  such as to f i t  

t hem i nto  a mode l , the  response  has  often been a gene r a l  p l ea for  more 

c omponent  re sea rch . I n  addi t i on ,  s ome of the  percei ved data needs may 

h a ve a ri sen  because  of t h e  way data i s  needed for i nc l u s i on i nto  a 

mode l , wh i ch may be di ffe rent  to  t h e  way the  dat a was col l ected a n d  

p resented i n  t h e  absence o f  a mode l . I n  othe r cases the  di l emma i s  i n  
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s e l ect i ng re l eva nt data where qu i t e  an amou nt may appe a r  to  ex i s t ,  bu t 

w h e re t h e re a re conf l i ct i n g conc l u s i ons  w h i ch  ca nnot be reconc i l ed .  

9 . 2 . 1  Pastu re G rowth 

E n vi ronme nt a l  e ffect s a re of maj o r  i mp ortance i n  dete rmi n i ng 

v a ri a t i on i n  the seas on a l  p ro du ct i on of  pastu re , know l edge of wh i c h  i s  

i mp o rt a nt i n  sy nt hes i s i n g i mp roved systems . At the  t i me the study 

c omme nced  a l i mi ted amou nt  of data  su g gested  that envi ronment a l  

v a r i a b i l i ty ( c l i mate a n d  s o i l fert i l i ty )  wa s an  i mportant sou rce o f  

v a r i a t i on i n  net pastu re p roduct i on on  h i l l  cou nt ry .  Phys i ca l  

f eatu res  ( s l ope  and  a s pect ) o f  h i l l  cou n t ry were associ ated w i t h t h i s  

va r i at i on .  However  these  dat a ,  w h i l e  des c r i b i n g  i mportant featu re s of 

v a r i a t i o n  i n  the patte rn a n d  potent i a l  of  h i l l  cou ntry pastu re 

p ro du ct i on ,  we re l a r ge ly u ns u i tab l e for mode l  cons t ru ct i on .  

D i f fe rences between s l opes a n d  a s pects du e t o  temperatu re and  

r a d i a t i on cou l d  on ly  be re l ated t o  d i ffere nces in  produ ct i on i n  a 

gene r a l way ,  and  we re con fou n de d  by both k n own a n d  unk nown  va r i at i ons 

i n  s o i l moi s t u re and  so i l f e rt i l i ty .  

D a t a  f rom f l at s i t es w e re o f  ass i sta nce i n  determi n i ng re l at i ve 

e ffects  of c l i mate  ( e . g .  temp e ratu re and  rad i at i on )  on growth . 

H oweve r t hese  re l at i ons h i p s  need to be de r i ved on h i l l  country so i l s  

o f  k n ow n  fe rt i l i ty ,  s i nce  i nt e ract i on s  w i th so i l fert i l i ty and  pastu re 

c omp o s i t i on a re l i k e l y  to  be i mp o rt ant  i n  det ermi n i ng potent i a l 

p rodu c t i on .  Th e re i s  a l s o a need t o  def i ne tempe ratu re pa rameters 

( i n  t he f i e l d )  wh i ch mo re a ccu rate ly ref l ect the temperatu re t o  wh i ch 

p as t u re res ponds than  the  1 . 2  m s c reen temp e ratu res p resent ly  

a va i l a b l e .  
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The maj or dat a defi c i enc i es wh i ch were n ot obta i nab l e f rom f l at  

s i tes conce rned s o i l wat er  ho l d i n g  capaci t i es of  hi l l  so i l s  on  

d i ffe rent  s l opes a n d  as pects and  t h e  ef fect s of  ra i nfa l l on so i l wat er  

l eve l s .  I n  summa ry , speci f i c data  needs a r e ;  { 1 )  the effect of  

ra i n fa l l i nt ens i ty on ru noff  a n d  wat e r  ent ry rat es on soi l s  of  

d i fferent s l opes and  degrees of  d ry ness , ( 2 )  depth of wat e r  ent ry 

f o l l ow i n g  ra i n ,  a n d  p l ant growt h  i n  re l at i on  to the envi ronment a l ly 

d ete rmi ned  p otent i a l  fo l l ow i n g rewet t i n g after  a pe ri od o f  mo i s tu re 

s t res s , a n d  { 3 )  t he so i l depth t o  wh i ch wat e r  i s  ava i l ab l e  t o  h i l l  

c ou nt ry pastu re .  

9 . 2 . 2  Senescence a n d  G raz i n g E ffects 

A number of rea s ons exi st for  needi n g  to quanti fy the dy nami c 

movement of  herbage f rom green t h rou gh the  senescent st age a n d  

e ventu a l l y  t o  decay . F i rstly , s heep p ract i ca l l y negl ect dea d  he rba ge . 

Secon d l y , dec ay may ma s k  or  i n f l u ence the  ef fects of d i ffe re nt 

v a r i ab l es  on t ru e  g rowth when measu re d  by net p roduct i on .  And  

t h i rdly , net  produ ct i on may u nderest i mate  t rue  growth met by the  

a n i ma l  du r i n g  graz i n g .  The  l atter  i s  l i k e l y  t o  be part i cu l a r ly 

i mport a n t  where g raz i ng du rat i ons  a re l on g  as under  set stock i n g .  

T here e x i sts  a l i mi ted amount o f  data ( n one speci fi c t o  h i l l  

count ry )  des c ri bi n g  rates of senesce n ce a n d  decay at di f fe rent t i mes  

o f  the yea r ,  but  the re i s  l i tt l e  qua nt i f i ca t i on  of  facto rs a ffect i n g 

t hese rates , such as  tempe rat u re ,  s o i l moi stu re stress , recent  graz i n g 

a n d  i n  pa rt i cu l a r  senescence i n  swa rds  cont a i ni ng a l ot of 

rep rodu ct i ve g rowt h  i n  l ate summe r .  

T h e  a p p a rent i na dequacy o f  a s i mp l e  LA I -growth rate fu nct i on i n  

p e ri odi ca l ly grazed swa rds , has  been noted i n  Sect i on 7 . 4 .  T h i s was 
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mos t  evi dent i n  those  swa rds l a x l y  grazed  du r i n g  the pe ri od of  

rep rodu ct i ve growth of gras ses . T h e re i s  c l ea r ly a need for  bette r  

d e f i n i t i on o f  graz i n g e ffects o n  tot a l  p astu re growth a n d  t h e  dy nami cs 

of senes cence a n d  decay , pa rt i cu l a r ly  over t he l at e  sp r i n g-s umme r 

p e r i od . The  a bove i n format i on i s  i mp ortant  i f  i mp roved sys tems bas e d  

o n  i mp roved graz i n g ma n a geme nt a re t o  be de v i sed i n  the futu re . 

9 . 2 . 3  P a s tu re Qua l i ty and A n i ma l  I nt a k e  

T he sens i t i v i ty of  the  mode l t o  cha n ges  i n  pa ramet ers det e rmi n i n g 

i nt a k e  w a s  c l ea r ly s h ow n  i n  Chap t e r  8 .  I n  th i s  model , l i k e many 

others , vo l u n t a ry i nt a k e  was re l ated  t o  d i et qua l i ty ,  s i n ce i t  i s  we l l  

e st a b l i s h e d  t hat  d i et q u a l i ty can  set l i mi t s on vo l u nt a ry i nt ak e .  

D i et qu a l i ty was re l at e d  t o  average q u a l i ty of  he rbage on offer .  T h i s 

w a s  l es s  e l a borate t h a n  i n  othe r mode l s bu t was  neverth e l es s  

c on cept u a l ly s i mi l a r ,  i n  that  i t  ass ume d  a co nt i nuous movement o f  l i ve 

h e rba ge th rou gh  d i ffere n t  d i ges t i b i l i ty c l a s s es . Howeve r ,  some 

q ue s t i on a rose  over t h e  extent o f  t h e  s e ns i t i v i ty of a n i ma l  

p erforma nce  t o  p a s tu re q u a l i ty ,  espec i a l ly i n  the autumn ( s ee 

Sect i on 8 . 4 ) .  Th i s  may h ave been du e i n  p a rt to  i nt"eract i ons  between 

g ra z i n g p re s s u re a n d  d i e t  s e l ect i on ab i l i ty ,  whi ch were not res o l ve d 

i n  the  mo de l . A l s o ,  t he l i mi t ed dat a  a va i l a b l e  su ggested that  the rea l 

s i tu at i on may di ffe r f rom that  common ly mode l l ed .  For examp l e , B rows e  

� �· ' s  ( 1 981 ) d a t a  s u g gested t h at i t  i s  green stem that redu ces 

a ve ra ge p a stu re q u a l i ty ,  i mp ly i n g that  g reen  l ea f  i s  of u n i formly h i gh 

q ua l i ty .  Fu rt h e r ,  t h e  data  of Guy et �· ( 1 9 8 1 ) showed s h eep st ron g l y  

res i s t a l l component s of  t h e  swa rd except  green l ea f .  

C l ea rly  there i s  a need f o r  more i n fo rma t i on o n  t h e  patterns  o f  

d i ge st i b i l i ty of  t h e  d i f fe rent  comp on e n t s  o f  t h e  swa rd a n d  on the 
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e f fect s of acces s : b i l i ty of each comp onent on d i et se l ect i on and  

q u a l i ty .  T h i s h a s  i mp l i cat i ons  for  t he des c r i p t i on of pa s t u re 

dy n ami cs , requ i ri n g part i t i on i n g between l eaf a n d  stem to be exp l a i ned  

du r i n g  rep rodu ct i ve growt h .  

F i na l ly , a g reater u n derstandi n g  o f  acces s � bi l i ty and compet i t i on 

e ffects on pastu re ( g reen l ea f )  i ntake  needs  to  be de ve l oped cove ri n g  

a w i de ra nge o f  graz i n g  p ress u res a n d  du rat i ons . The di ff i cu l ty w i t h  

u s i n g emp i ri c a l  re l at i ons h i ps conf i ned  t o  s pec i f i c  ma na gement 

dec i s i ons  occu rs when t ry i n g to deCi de when  one set o f  cond i t i ons 

g i ves way to  another  ( s ee Sect i on 8 . 4 ) .  

9 . 2 .4 Sheep P rodu ct i on 

I n  ge nera l t h e re was a great e r ,  mo re w i de l y  accepted ,  i n fo rmat i on 

b a s e  t o  draw on  f o r  des c r i bi ng  the  s heep component than  for p rev i ou s 

comp onents . Pe rh a p s  the  maj o r  prob l em was where an  amou nt of  da t a  was 

a va i l a b l e  bu t appea red t o  s how con f l i ct i n g c onc l u s i ons . One a rea 

w he re t h i s  has maj o r  i nf l u ence on  sy stem pe rforma nce i s  the ef fect of 

ewe l i vewei ght at l amb i n g  on mi l k  p rodu ct i on post l amb i n g ,  a n d  hence 

l amb wean i n g we i ght  ( s ee F i g .  9 . 1 ) .  Us i n g t h e  funct i ons  de ri ved by 

W h i t e  ( 1 9 7 5 )  a n  ent i re ly d i fferent con c l u s i on i s  reached abou t t he 

i mp o rtance of ewe l i vewei ght at l ambi n g  t h a n  when us i n g the fu n ct i on s  

d e r i ved here f rom Peart • s  dat a .  Ot her  examp l e s of  con f l i ct s  we re 

w het her  vo l u n t a ry i ntake  i n creases , dec rea ses  or rema i n s u n a f fected i n  

l at e  p re gnancy ,  and  the  ef fect o f  l i vewe i gh t  on vo l u nt a ry i ntake  i n  

mat u re s heep .  

T h e re a re ,  however ,  a numbe r o f  a reas  where i nformat i on i s  

l i mi ted .  The e f fects on  energy rese rves a n d  foet a l  growth a n d  mi l k  

p ro du ct i on when ewes  a re i n  d i fferent degrees o f  negat i ve ene r gy 
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ba l ance does  not  appea r t o  be  we l l def i ned .  A l s o  on ly  l i mi t ed 

i n forma t i on was ava i l a b l e  des c r i bi ng  wool growt h  i n  re l at i on t o  

feedi n g  l e ve l s ,  t i me  of  yea r  a n d  phys i o l o gi ca l s t ate i n  t h e  graz i n g 

a n i ma l , a l thou gh th i s  i s  now be i n g  rect i f i ed {H . Hawker pers . comm. ) .  

No  i nforma t i on was fou n d  on ma i nt enance req u i rements of sheep graz i n g 

h i l l  cou n t ry and  i t  was  not  poss i b l e  t o  corre l at e  ma j o r  c l i mate  

v a r i ab l es  t o  l amb �ort a l i ty .  The  l atter  cou l d  be  important  where 

d i f ferent l ambi ng  dates a re cons i de red . 

Des p i te s ome q u i te de f i n i t i ve work  des c ri bi n g  pastu re i ntakes  by 

s u ck l i n g l ambs , and the  su bst i tu t i on of  grass  for mi l k ,  th i s  s t i l l  

rep res ented  a n  a rea of some concern i n  the mode l becau se  pastu re 

v o l unt a ry i ntake  had  t o  be i ncreased a bove l e ve l s  appa rent ly ach i e ved  

i n  the dat a ,  t o  p redi ct  s a t i s fact o ry l amb growth . F i na l ly , no data  

e x i sted  t o  des c ri be the  ef fect s of compet i t i on between an i ma l s  of 

d i f ferent phys i o l ogi ca l s t ates w i t h i n  a mo b ,  or  between ewes and  

l ambs , on  pe rforma nce of i ndi v i du a l s  w i th i n the  mob .  

9 .3  EVALUAT ION OF  ALTERNAT IVE GRAZ I NG MANAGEMENT SYSTEMS 

One  o f  the  req u i rements  of h i l l  cou n t ry resea rch wh i ch was  seen 

as  h i gh p r i or i ty by NRAC { 1 978 ) was  t o  def i ne graz i n g management 

dec i s i o ns that  ' opt i mi s e '  pastu re growth , ut i l i s at i on and  a n i ma l  

p roduct i on u nde r h i l l  cou n t ry cond i t i ons . Model l i ng p l ayed a n  

i mp o rt ant  rol e i n  attemp t i n g t o  a c h i eve t h e  a bove by i ndi cat i n g the  

p hy s i ca l  a n d  economi c effects of  a ra n ge of  ma n a gement dec i s i ons on  

t he perfo rma nce of the  ewe f l ock . 

T h e  i mport ance of  w i nter  a n d  ear ly  sp ri n g  g ra z i n g  ma na gement  a n d  

c ho i ce of  l amb i n g day we re c l ea r ly  shown . Lamb i n g  ea r ly  w a s  an  

i mp ortant  mea n s  of ach i ev i ng  h i gh l eve l s  of sy stem performa nce at any 
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s t o ck i n g rate . Th i s  made ea r ly s p ri n g  feed supp l i es t h e  mos t  

i mpo rt a n t  l i mi t at i on t o  sys tem p roduct i v i ty and  p rofi tab i l i ty ,  a 

resu l t  wh i ch was con s i stent  a c ross  a ra n ge of yea rs where pastu re 

g rowth  va r i ed bot h above a n d  be l ow a ve ra ge i n  both au t umn and  sp r i n g .  

A l on g  w i n t e r  rot at i on ,  a nd  a rot at i on i n  e a r ly spri n g  were both 

req u i re d  t o  ma x i mi s e  s p ri n g  feed  s u p p ly . Such was the i mport a nce of 

c re at i n g  f a vou ra b l e ea r ly s p r i n g  nu t r i t i on and  con di t i ons  for  pastu re 

g rowt h ,  t h a t  at  h i gh s t ock i n g rates  ( 1 8  ewes /h a )  attempts to  f l u s h  

ewes we re f o r s aken  s o  a s  not t o  redu ce  a ve rage cove r o n  t h e  f a rm at  

t he s t a rt o f  wi n t e r .  

T h e  cons i stency o f  the  a bo ve con c l u s i ons  i n  a l l yea rs , i nc l u d i n g  

d ry a u t umn s , ra i sed t h e  ques t i on o f  t he i mp orta nce of t h e  wei ght i ng  

between p roduct i ve components  i n  t h e  economi c i n dex ,  i n  i n f l u enci n g  

t he s e  conc l u s i ons . Th i s  q u es t i on was  not exp l o red i n  det a i l .  Howeve r  

t he i n dex u sedl di d f a vou r t he p roduct i on of  heavy l ambs by rewa rdi n g  

t hem w i t h  a h i gher  p r i ce per  k g .  Obv i ou s ly i n  c i rcums t ances where 

p ri ce p e r  k g  was the  same re ga rd l es s  o f  l i vewei ght ,  or where i ncreased 

l i vewe i ght  w a s  not p ropo rt i ona t e ly compen sated ,  s ay on the  store 

ma rket , l ambi n g  pe rcent wou l d  become mo re i mportant re l at i ve to  l amb 

s e l l i n g l i vewei ght . The  model  s u g gests  t h i s  wou l d  fa vou r a l ater  

l ambi n g .  

T h e  ro l e  of  mode l l i n g i n  de r i v i n g  i np u t /output  re l at i on s h i ps  for 

t he d i f fe re n t  ma na gement  s t rateg i es has been demonstrated .  It  i s  

p os s i b l e ,  howeve r ,  t o  see  u se f u l  ref i nements  to the  dec i s i ons a l ready 

c h os en .  Dec i s i ons  a bout  when t o  e n d  t h e  rot at i on i n  s p ri n g ,  when to  

s ta rt ret i r i n g paddoc k s  f rom graz i n g a n d  when t o  s e l l l ambs cou l d  have 

been  bas ed o n  a verage pas t u re cover  on the  fa rm. Thes e  ref i nements  

lSee  Append i x E for  det a i l s .  
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be came mo re obv i ous fo l l ow i n g the genera l  e va l uat i on u n de rtaken , and  

i f  f i e l d e va l u at i on of  • bes t • sy stems had  been an a i m  of  t h i s  stu dy ,  a 

s econd set  of experi ments  cou l d  h a ve been performed on t he mode l t o  

i mp rove dec i s i ons f o r  f i e l d  test i n g .  

9 . 3 . 1  Man i pu l at i on o f  Pasture and Ani ma l  Components 

A read i ly  ava i l a b l e  me a ns of ma n i p u l at i ng a n i ma l  pe rfo rmance i s  

i nc reas i n g ovu l at i on rate u s i ng Fecundi n .  As yet t h ou gh the  u s e  of 

F ecundi n i s  l a rgely i n  the deve l opment a l  s t a ges and i t  has not been 

u sed  extens i ve ly i n  rea l sy stems . 

Mode l l i n g c l ear ly  showed that  a rt i f i c i a l  i n creases t o  ovu l at i on 

rate cou l d i nc rease  per  head  pe rfo rma nce and  overa l l sy s t em 

p e rforma nce , hut at a l owe r stock i n g rate than  was p revi ou s ly 

• op t i ma l • .  I t  p l ayed a u sefu l ro l e  i n  determi ni ng  t hose ma nagement 

deci s i ons  w h i ch were l i ke ly  to accommodate the new techno l o gy t o  bes t  

e f fect , i n  t h i s case show i n g  that  reduc i ng stock i ng rat e  was des i rab l e  

s o  a s  not t o  req u i re de l ay i n g l ambi n g .  

M ode l l i n g a l s o s howed t hat i nc reases t o  spr i ng feed s u p p ly 

i nc reased l amb l i vewei ght , ewe f l eece wei ght and l ambi n g  pe rcent , to an  

e xtent that  wou l d  be  economi c a l ly wo rthwh i l e i n  mos t  yea rs , p rovi ded 

t hese i nc reases  i n  feed s u pp l y  cou l d  be ach i eved u s i n g  n i t rogen . The 

a dva ntage of mode l l i n g ove r s i mp l e r  ma rgi na l  a n a lyses , i s  that a l l 

c on s eq uences of i ncreas i n g feed s u pp ly a re va l ued , s u ch a s  the  cost of 

a dd i t i ona l l a te s p ri n g  su rp l u ses .  These can be ext reme l y  d i f f i cu l t  to 

v a l u e i n  s i mp l e  a n a ly ses , a nd a re often not va l ued , thus f a l s e  

conc l u s i ons c a n  ea s i ly b e  rea ched . F o r  e xamp l e ,  i n  s ome yea rs  a n  

i nc rea s e  i n  s p ri n g  feed s u p p l y  l ed t o  tempora ry benef i t s  t o  ewe a n d  
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l a mb l i vewe i ght i n  s p r i n g  bu t a dve rse effects of the  generated l ate 

s p r i n g  su rp l u s  redu ced  t hese  benef i t s to u n economi c l eve l s .  

O f  the  ot her  ma n i p u l at i ons  ma de to sy stem component s ,  i ncreases  

t o  woo l growth potent i a l  a n d  remo v i n g  the  season a l  dep ress i on i n  

p ot e nt i a l  woo l growt h bot h s h owed great p romi se  for i nc rea s i ng  sy stem 

p ro f i t a b i l i ty .  T h e re was  a l s o a n  i nd i cat i on that l a rge r  breeds of 

s heep , or  s heep w i t h  h i ghe r  vo l u nt a ry i nt a k es , cou l d  be u sed mo re 

e ff i c i ent ly to  u t i l i s e  t h e  season a i supp ly of pastu re grow n .  

9 . 4  R E SEARCH PR I OR I T I E S  

D e s p i te pre v i ou s  c l a i ms ( s ee Sect i on 2 . 4 . 3 ) ,  it  i s  di ff i cu l t  to 

i ma g i ne an obj ect i ve me a n s  of sett i ng p r i or i t i es us i n g the mode l .  

G i ven  the  hypothet i ca l  s i tu at i on of a comp l ete ly  va l i d  mode l 

( b i o l o g i ca l ly ) ,  p r i o ri t i es cou l d  pos s i b ly  be stated object i ve ly by 

r a n k i n g sys tem bene f i t s  ( e . g .  M i l l e r ,  1 980 } from i mp rovi ng  s ay ,  pas tu re 

y i e l d  or ovu l at i on rate . Yet even i n  t h i s case  other i ntangi b l es mu st 

e n t e r  i nto  t h e  p roce s s  s u c h  a s  the  re l at i ve chance of success i n  

p u rs u i t  of the  va r i ous  a i ms .  

I n  t h e  rea l i st i c s i tu at i on whe re a mo re o r  l ess • va l i d 1 mode l has  

b een  deve l oped, 2 fu rt h e r  d i ff i cu l t i es a r i s e  i n  deci d i n g  between the  

n ee d  t o  i mp rove the  va l i di ty of  the  mode l , and  deve l op i n g i mp roved 

systems f rom i nf o rmat i on a l rea dy de r i ve d .  There a re obvi ou s ly 

p ro b l ems i n  mak i n g s t ateme nts  a bout sy stem con st ra i nt s , and  the  

a l l e v i at i on of t he s e ,  when  the  mode l cont a i ns a ssumpt i ons cove r i n g  

b as i c  re l at i ons h i ps .  A n d  t h e  p rob l em i n  dete rmi n i ng  the i mport a n ce 

o f  i n co rrect bas i c  a s s u mp t i on s  has  a l ready bee n  di scu s sed i n  

S ect i on 3 . 4 . 3 .  

2That  i s  a mode l wh i ch we h a ve a ccepted fo r the  moment . 
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The re i s  h oweve r ,  a need for  p ra gmat i sm i n  des i gn i n g i mp roved 

systems , s i nce t h i s  wou l d  never be attemp ted i f  perfect k n ow l e dge of 

a l l  compone n t s  was a p rerequ i s i t e for  such  act i vi ty .  The cho i ce 

between c o n du ct i ng more bas i c  resea rch and  deve l opi ng  and  t es t i n g 

i mp roved sy s t ems i n  t h e  f i el d  mu st be s u bj ect i ve .  I t  p robab ly  shou l d  

be  based on  whet her t h e re appea rs t o  be a need for a greater  

u nde rstand i n g  o f  the  operat i on of  a p a rt i cu l a r  component to  e n a b l e 

i mp roveQ_sy s t ems to  be devi sed.  

Other  p ro b l ems i n  determi n i n g  resea rch p ri or i t i es a l so e x i s t . 

M a ny research  pos s i bi l i t i es may be ou t s i de t h e  compet ance of  one  

resea rch e r ,  o r  e ven t ea m  o f  res ea rchers . I n  addi t i on , t here may a ri s e  

a need to  s t u dy prob l ems outs i de t h e  bou ndary of the sy stem mode l l ed 

e . g .  the i nt eg ra t i on of  hogget s (McC a l l ,  1 984 ) or catt l e ,  i nt o  t he 

system. I n  s p i t e of t he a bove p rob l ems s ome gene ra l p ri o r i t i es fo r 

s tu dy i n g h i l l  count ry sheep graz i n g sy stems can be stated ,  ba sed  on  

t he mode l l i n g exe rci s e .  

9 . 4 . 1  A l t ernat i ve G raz i n g M a n a gement Sy stems 

There we re t h ree maj o r  i mp l i cat i ons  for  res ea rch f rom the  a n a ly s i s 

o f  graz i n g  syst ems . F i rst , the  i mp ortance o f  l ambi ng  day and  s p ri n g  

f eedi ng  o n  system produ ct i vi ty needs t o  be estab l i shed i n  t h e  f i e l d .  

S o me  work h a s  a l ready s h own the  i mp o rt a n ce o f  s p ri ng feedi n g  l eve l s  on  

l amb wean i ng wei ghts ( Smeat on & R at t ray , 1984 ) .  Th i s  needs to  be  

f u rt h e r  deve l oped  to  i nc l u de l amb i n g  day . Secon dly t h e  p ra ct i s e o f  

r ot at i n g ewes  a n d  you n g  l ambs i s  n ot genera l l y p ract i sed  on  N I HC fa rms 

a nd there i s  a need f o r  resea rch a n d  deve l opment  to demonst rate  t h e  

f eas i b i l i ty o f  t h i s  a t  the  farm l eve l , a s  we l l a s  t o  t e s t  the  rea l i ty 

o f  apparent benef i t s .  
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I n  support o f  t h e  a bove work t h e re i s  a need to  fu rt her  c l a r i fy 

( u nde r graz i n g ) ,  t h e  e ffect s of ewe l i vewe i ght at l ambi n g  on potent i a l 

m i l k  p rodu ct i on ( a s  ref l ected i n  l amb g rowth  rat e )  and t h e  abi l i ty t o  

b u f f e r  l ambs th rou gh  d i fferent du rat i ons  and  seve ri t i es of 

u nde rnou ri s hment  i n  ea r ly  l act at i on .  

T h i rd l y , f l u sh i n g  ewes t o  ach i eve i nc reased l ambi n g  pe rcent ages 

h as bee n re ga rded as an i mp o rtant  mea n s  of i nc reas i ng sys tem 

p e rforma nce (R a t t ray ,  1 98 1 ) .  The s u gges t i on to the cont ra ry i n  t h i s 

s tu dy i s  t h e refore c l ea r ly i n  need of f i e l d  ve ri f i cat i on a t  the  sy stem 

l eve l . 

9 . 4 . 2  I nt ake a n d  Pastu re P roduct i on 

T he re i s  a c l ea r  need fo r a grea t e r  u n de rstandi ng,  a n d  more 

i nforma t i on ,  re ga rd i n g  fact ors affect i n g i ntake ,  qu a l i ty of the d i et 

a nd p a s tu re growt h a n d  s enes cence rates , du r i n g  and  i mmedi a t e ly 

fo l l ow i n g  t h e  rep roduct i ve g rowth  phase  of  grasses . Th i s i n format i on 

i s  needed t o  a i d t h e  def i n i t i on of i mp ro ved  systems for h a n d l i n g 

p astu re s u r p l u s es  i n  summe r .  Model l i ng showed the  sens i t i vi ty of 

i nt ak e  a n d  a n i ma l  p roduct i on to pastu re qua l i ty at t h i s t i me of yea r 

a nd t h e  pos s i b i l i ty of  p rob l ems i n  the  conceptu a l i sat i on of pas t u re 

q u a l i ty a n d  i nt a k e  mu s t  be con s i de red . I t  appea rs that i nt a k e  needs 

to be des c r i bed i n  re l at i on to ava i l a bi l i ty and accessabi l i ty of  green 

l ea f .  

B e cau s e  t h e  patt e rn o f  pastu re growth th rou ghout the yea r i s  

cent ra l t o  g raz i n g ma n a gement  sy s tems , a mechan i s t i c des c r i pt i on of 

p astu re g rowth as a fu n ct i on of the e n v i ronme nt ( i n c l u d i n g  so i l 

f e rt i l i ty )  i s  a l s o s een  a s  a p ri o ri ty ,  t o  enab l e  futu re ext rapo l at i on 
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t o  oth e r  s i tes . Th i s  needs to  i nc l ude fu rt her  work o n  the p red i ct i on 

o f  responses to n i t roge n ,  s hown  here to  have potent i a l va l u e .  

9 . 4 . 3 An i ma l Phy s i o l ogy 

I nc reases to  sy stem p rof i t ab i l i ty th rou gh a rt i f i c i a l ly boos t i n g  

o vu l at i on rate we re c l ea rly s hown t o  be pos s i b l e .  Two pr i or i t i es mu s t  

b e ;  t o  s how these i n  t h e  rea l  system a n d ,  to i mp rove the  re l i a b i l i ty 

o f  Fecu n d i n ,  or at l ea s t  ga i n a n  u nders ta n d i n g  of  reasons for poor  

responses . 

H a rt ( 1 955 ) s howed  i mp l a nt s  of thy rox i ne i n  ewes at st rat egi c 

t i mes  of the yea r t o  i nc rea se  wool p rodu ct i on i n  autumn and  w i nter  by 

mask i n g the  cy c l ica l dep res s i on i n  woo l growt h .  Resump t i on of t h i s 

s eemi n g l y  forgotten  l i ne of work wa rrant s p r i o r i ty gi ve n the va l ue of 

i ncreas ed woo l p roduct i on .  

9 . 5  E VALUAT ION OF MODELL I NG I N  RESEARCH PLANN I NG 

A comp l et e eva l u at i on of model l i ng i n  d i rect i n g a n d  coordi nat i n g  

N I HC res ea rch w i l l  req u i re mo de l l i n g to  b e  used  ove r  a greater  pe r i od  

of  rea l t i me  than was  pos s i b l e  for t h i s  stu dy .  I t  ca n on ly be 

a ttempted  fo l l ow i n g  exper i ence w i th mode l l i n g i n  conj u n ct i on w i t h  a 

resea rch p rogramme i n  t h e  f i e l d .  I n  addi t i on ,  a ny eva l u at i on i s  l i ke ly 

t o  su ffer  f rom an  i l l -d e f i ned ba s e  for comp a r i s on s i nce the re w i l l  be 

no ' cont rol ' res ea rch p rogramme , and hence e va l u at i ons mu st be 

s u bject i ve .  

T h i s  eva l uat i on i s  o f  a spect s o f  the mode l l i ng approach re l e va n t  

t o  t h e  t a s k  o f  p l a n n i n g  a resea rch p rogramme , a n d  i s  based on 

e xperi ence ga i ned i n  t h i s  study .  Some po i nt s w h i ch a re ment i oned 

i n  the l i t e ratu re ,  and s ome w h i ch  a re not s o  we l l deve l oped , bea r  
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comme n t  i n  re l at i on t o  the  app a rent  a dvantages a n d  l i mi t at i on s  o f  the 

a pp roach . 

9 . 5 . 1  C ommu n i cat i on a n d  learn i n g  Advantages 

B enef i ts t o  l ea rn i n g  a s s oc i a t e d  w i th model l i ng were recogn i s ed by� 

W r i gh t  � !l· { 1 9 76 ) ,  but t h ey conc l u de d  that  such benef i t s  were 

d i f f i cu l t  t o  i l l u s t ra t e .  I n  t h i s  c a s e  mode l l i n g has  p l ayed a u sefu l 

ro l e  i n  deve l op i n g  a n  app rec i at i on o f  i mp ort ant ma nagement dec i s i ons . 

Such  a n  a pprec i at i on i s  not eas i ly ga i ned  by i ntu i t i ve mea ns , . a l t hou gh 

i t  mi ght  h a ve been  obt a i ned  from s pend i n g  an  eq u i va l ent amount  of t i me  

g a i n i n g exper i ence i n  t he f i e l d .  T h e  e ff i c i ency of mode l l i n g ve rsu s  

g a i n i n g  f i e l d exper i ence c a nnot b e  det e rmi ned here .  

W h e re mo de 1 1  i n g  d i d appea r t o  offer  a n  adva nt a ge w a s  i n  

i nt e g rat i n g k now l edge re l at i ng t o  the  components of N I HC graz i n g 

systems a n d  i n  p rov i d i n g  a t an gi b l e framework for con du ct i n g fut u re 

component  res ea rch . A l s o ,  w i t h  mode l l i n g ,  i t  may be pos s i b l e  t o  work 

t owa rds a comp l et e  u nde rs t an d i n g  of  sy stem components wh i ch can 

rea d i ly  be t apped  by s ucces s i ve generat i ons of research e rs .  

I n vo l vement i n  mode l l i ng a l s o  p ro v i ded a good back g rou n d  fo r 

d i rect i ng commu n i ca t i on s  a bout t h e  s t re n gt h s  and  weakne s s es of data 

peP.'.., 
s& -

:_;»�. ,_t·.V.. 
..---

' ¥  

{ a n d  a va i l a b l e concept s ) ,  w i t h  other  s c i ent i s t s ,  part i cu l a r l y  i f  they J h a d  mode l l i ng exp e r i ence o r  we re p resent ly i nvo l ved i n  mo de l l i n g .  

Spec i f i c re l at i on sh i p s  requ i red  t o  con s t ru ct the mode l p ro v i ded a 

p rec i s e  f rame of refere nce for  a ques t i on ,  as di d defi c i enc i es i n  

mode l pred i ct i on .  F i na l ly ,  res u l t s f rom th i s  mode l l i n g  s t u dy ,  when 

a ccomp a n i e d  by reas ons  for t he res u l t  be i ng obt a i ned,  p rovi ded a 

p rec i s e  bas i s  for deve l op i n g d i s c u s s i on w i th those exp e r i enced i n  

ope ra t i n g  graz i ng sy stems i n  t h e  f i e l d .  
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9 . 5 . 2 Deve l op i n g P r i ori t i es and R esearch P l anni n g  

D i f f i cu l t i es i n  es t ab l i s h i n g obj ec t i ve resea rch p r i ori t i es u s i ng  
\ .  

a mode l have a l rea dy been di s cu s sed.  Des p i te  these p robl ems , 

mode l l i n g offers  the  chance t o  be more spec i f i c  i n  des cr i bi n g  re search 1' Q 

needs  t h an i s  the case whe re s u ch eva l u a t i ons a re at tempted i n  the 

a bs ence of mode l l i n g (e . g .  H i gh t , 1 9 7 6 ; NRAC , 1 9 78 ) .  R e s ea rch needs 

c a n  at l east  be di s cussed i n  re l at i on to a tang i b l e  ba ckgrou n d  of 

a s s ump t i ons  req u i red  i n  the mode l ,  and t he potent i a l benef i t s of new 

sys t ems . 

Two fu rt her  potent i a l  advant ages of  model l i n g that  became 

appa rent were : f i rs t ,  hav i n g  comp l eted  the  i n i t i a l eva l u at i on of 

d i f fe rent  graz i n g systems the  resu l t s s t i mu l ated i deas for  fu ture 

ref i nements  to  t he deci s i on s  u s e d .  T i me const ra i nts  p rec l u de d  

f o l l ow i n g t hese  up  i n  th i s  study , bu t where a f i e l d t r i a l  was  to  be 

des i gned , model l i ng may h a ve e l i mi nated the need for a p i l ot t r i a l 

i nves t i gat i on .  The secon d po i nt ,  w h i ch i s  pos s i b ly  a corol l a ry to the  

f i rs t ,  i s  that  model l i n g may g i ve res ea rchers mo re con f i dence to  

des i gn comp l ex ( rea l wo r l d type ) e xperi ments (e . g . i n vo l v i n g  mo re than  

one c l as s  of an i ma l ) ,  by a l l ow i n g app rop ri ate ( mea n i n gfu l )  graz i n g 

dec i s i on ru l e s t o  be deve l oped a nd by ensu ri ng  that  expected contrasts  

between t reatments  have been  t h o rou gh ly thought  out  before 

mea s u rement s be g i n .  I n  a dd i t i on such  e xper i ments  cou l d  be u s ed to 

t es t  hyp othes es encapsu l ated  i n  the mode l . 

H oweve r ,  s u cces s i n  de v i s i n g new sy stems mu s t  depe n d  on t he 

i n i t i at i ve of t h e  resea rch e r .  Mode l l i ng can  on ly  st i mu l ate t h i s 

i n i t i at i ve t h rou gh mak i n g i t  eas i er ,  a n d  q u i cker ,  to  t es t  i de a s . 

< I 
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9 . 5 . 3  P robl ems o f  T i me  and S i ze 

L i mi t at i on s  on  mode l l i n g  stu di es because  of the  rea l  t i me 

i n vol ved i n  mode l de ve l opment , eva l uat i on ,  e xperi ment a l  p l a nn i n g  and  

resu l t  i nt e rp retat i on ,  have been noted by (M i l l e r ,  1 9 83 ) . 3 A fu rther  

l i mi t at i on noted  h e re was  the s i z e  of  the  t a s k  of  experi mentat i on w i t h  

a comp l e x sy stem,  even  u s i n g  a s i mu l at i on mode l . Des p i te potent i a l ly 

o p e n i ng u p  a who l e new ra n ge of p os s i bi l i t i es for l a rge and  comp l ex 

e xp e ri ments  i nv o l v i n g  more t h a n  one c l a ss  of stock , i n  rea l i ty ,  the  

bu rden of s i ze of the e xperi ment and  bot h the t i me req u i red to  

i nterpret t h e  resu l t s a n d  the  means  of  ana ly s i n g  a n d  p res ent i ng the 

resu l ts ,  a re s t i l l  maj o r  l i mi t at i on s .  F o r  examp l e  t he two maj or  

e xp e r i ments  i n  t h i s  s t u dy each took over 20 h ou rs of computer p roces s  

t i me  t o  ru n o n  a P r i me 7 50 compute r ,  and  they gene rated l a rge vo l ume s  

o f  ou tput . The  a l t e rna t i ve app roach to  experi ment at i on o f  des i gn i n g  

a nd a na ly s i n g  t reatme nt s  s eq uent i a l ly may be a more eff i c i ent des i gn ,  

b u t  i t  i s  l i k e ly t o  h ave a g reate r  rea l t i me  req u i rement . 

9 . 5 . 4  Mode l l i n g i n  I so l at i on f rom F i el d Res ea rch 

T h e  f act t h a t  t h e  mo de l l i n g was c a r ri ed out i n  i s o l at i on f rom a 

f i e l d  res ea rch p rogramme was just i f i ed by the  object i ve to eva l u at e  

model l i n g i n  t h e  ro l e  o f  p l a nn i n g  a f i e l d p rog ramme . These 

c i rcumst a nces p rodu c e d  both an a dvanta ge and a di s ad va ntage .  

The  maj o r  d i s a d v a nt a ge w a s  that  mode l deve l opme nt a n d  va l i dat i on 

w a s  h ampe red on a numbe r of occa s i ons by the l a ck of  app rop r i ate 

d et a i l ed dat a w h i ch a f i e l d resea rch programme , i n  conju nct i on w i t h  

mode l l i ng ,  may h a ve been  ab l e  to  p rovi de , ma k i n g a better  mode l . The  

a dvantage was  that  the  a bove s i tu at i on d i d n ot i nterfe re wi t h  the 

3Th e t i me i n vol ved i n  the  exten s i on of mode l s and h ow to ope rate them s hou l d  a l s o 
b e  i nc l u de d  i n  t h i s l i s t .  I t  i s  a n  aspect wh i ch u nfortunat e l y  i n  t h i s ,  a n d  i n  
m a ny oth e r  mode l l i n g s tud i es appea rs t o  h a ve s u ffered from c on s t ra i nts  of t i me .  
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comp l et i on of  the mode l and  the tes t i n g  o f  sys tems . A temptat i on when 

conduct i n g mode l de ve l opment i n  conju nct i on w i th a f i e l d prog ramme 

i s  to cont i nu a l ly pos tpone u s i n g  t h e  mode l i n  preference to  fu rther 

t ry i n g  to  i mp rove i t .  

9 . 6  CONCLUS IONS 

T h i s  study has s hown that mode l l i n g can be used f i rs t ,  to 

e ffect i ve ly i dent i fy const ra i nts  to i nc reased product i on i n  gra z i ng  

systems , a n d  second ly , to a i d  i n  det e rmi n i n g  resea rch p ri or i t i es .  

Howeve r ,  i t  a l s o  showed that mode l l i ng d i d not remo ve a l l s u bj e ct i vi ty 

f rom these p rocesses , and  that there a re a numbe r of rea l  prob l ems , 

a nd ri sk s ,  i n  object i ve ly dete rmi n i n g  resea rch pri ori t i es u s i n g an  

' i n va l i d '  mode l . A benef i c i a l  featu re of mode l l i n g i s  i n  a l l ow i ng  

t he i mportant  i s sues and  i nformat i on ,  a s  seen  by the mode l l e r ,  to  be 

commu ni cated i n  a way t h at a l l ows  ot her  peop l e  to i nteract on conc rete 

e vi dence . A mode l  p rovi des a check i n  the resea rch p rocess by 

p rovi di n g  a mea n s  to a l l ow peers to  have a l ook i n  at assump t i ons  

often made i ntu i t i ve l y . 

I n  ot her  res pect s ,  the model  i s  an  eff i c i ent veh i c l e  for  

i ntegrat i n g  k n ow l edge re l at i n g to  sy stem components and  for  

sy nthes i s i n g ma na geme nt sy stems . Two benef i ts whi ch a re appa rent  bu t 

w h i ch were not  a b l e  to be demons t rated a re the  benef i t s to mode l l i n g of 

c on du ct i n g  f i e l d res ea rch i n  pa ra l l e l  w i t h  model eva l u at i on ,  and the 

a ss i stance of mode l l i n g i n  des i gn i n g  t r i a l s  bot h di rect ly , as w i t h  

w ho l e system exp e ri ments  and  i nd i rect ly , by p rovi di ng a coherent 

c ontext for  det e rmi n i n g  t he type of  i n fo rmat i on req u i red to exp l a i n  

system beh av i ou r .  



2 1 8  

The p rocess  o f  deve l op i n g a p re-res ea rch mode l  to  eva l u at e 

res e a rch needs  h a s  been a va l u a b l e one . Howeve r  to obt a i n a l l of t h e  

bene f i t s  offe red ,  mode l l i n g now needs t o  be e xt ended t o  operat e  as  a n  

i nt eg r a l  p a rt of  the  res ea rch p roces s .  



A PPEND I X  A :  A s pect and  s l ope fact o rs f o r  temp e ratu re a n d  
r a di at i on 

A s sumed Tempe ratu re Factors 

M onth 

J a n . 
F e b . 
Ma rch 
A p r i l 
May 
Ju ne 
Ju ly  
A u g. 
S ept . 
Oct . 
No v . 
Dec . 

North  As pect 

1 . 1 5  
1 . 1 3  
1 . 07 
1 . 08 
1 . 03  
1 . 3 3 
1 . 1 9 
1 . 1 7 
1 . 1 2 
1 . 09  
1 . 00 
1 . 06 

2 1 9  

South  Aspect 

1 . 00  
0 . 9 5  
0 . 8 1  
0 . 7 8 
0 . 84 
0 . 92  
o .  77  
0 . 78 
0 . 9 1  
0 . 90  
0 . 96  
1 . 03  

A s s umed R a di at i on F a cto rs (adapted f rom McA ne ney � No b l e, 1 976 ) 

A s p ect N o rth  South 

S l ope 0-1 2 °  1 3-2 5 °  > 25 °  0 - 1 2 °  1 3 -25°  >25 ° 

P e r i ods 
/ 

22/ 1 2 - 13/ 1 , 2 9/ 1 1 - 2 1 / 1 2  1 . 00  0 .  96  - .  0 . 90 1. 00 0 . 9 7  0 . 9 2 
1 4 / 1 -3/ 2 ,  7/ 1 1 - 28/ 1 1  1 . 0 1  0 . 99 0 . 94 1 . 00 0 . 96 0 . 89 
4 / 2 -26/2 , 16/ 1 0 -6/ 1 1  1 . 02  1 . 04 1 . 0 1  0 .98 0 . 90 0 . 7 9 
2 7 / 2 -20/ 3 ,  23/ 9 - 1 5/ 1 0  1 . 04 1 . 1 1  1 . 1 5 0 . 9 7  0 . 86 0 . 74 
2 1 /3 - 12/4 , 3 1 /8-22/9  1 . 07  1 . 1 9 1 . 26  0 .94  o .  7 7  0 . 6 1  
1 3/4 -5/5 , 8/8 - 30 / 8  1 . 1 0 1 . 30 1 . 47 0 . 9 1  o .  7 1  0 . 52 
6 /5 - 28/5 , 16/ 7 - 7 / 8  1 . 1 3 1 . 3 9 1 . 6 0 0 . 89 0 . 6 1  0 . 3 9 
2 9/ 5 - 2 1 /6 , 22/6 - 1 5/ 7  1 . 1 5 1 . 48  1 . 7 5 0 .86 0 . 56 0 . 33 
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APPEND I X  B:  S t at i st i ca l  P roof { R .J .  Tow n s l ey personal  c ommu n i cat i on )  
- - 2 i' - 2 - " 2 ( a ) To P rove :  I ( Y .  - X  . . ) = ' ( Y . - X  . .  ) + I {Y . - Y . ) q 1 1 J  � 1 1 J  q 1 1 

( Y .  - x . .  ) 1 1 J 
"' "' -

= ( Y . - Y . ) + { Y . - X . .  ) 1 1 1 1 J 
- - 2 ( y .  X • . ) 1 1 J 

"" 2  " - 2 -
= { Y .  - Y . ) + ( Y .  - X . . ) + 2 ( Y . 1 1 1 1 J  1 

,/\ 
S i n ce Y .  = a + o x .  . = v - ox . + ox . .  

W he re , 

1 1 J  J 1 J  
= Y + Ox . .  1 J  

x . .  = x . . - x . 1 J 1 J J 
y .  = v. - v 1 1 ,.. - -

W e  ha ve : Y .  - Y .  = Y . - Y-ox . .  = y .  - ox . .  1 1 1 1 J  1 1 J  
N OW ' y. - X .  . = y + 0 X • • - X . . 1 1 J  1 J  1 J  

T he refore :  

= ( Y - x . ) + ox . . - ( X  . .  - x. ) J 1 J  1 J  J 
= ( Y  - X . ) + ox . .  - x . .  J 1 J 1 J 
= ( Y - X . )  + (o - 1 ) x . .  J 1 J 

- x . .  ) = (y . - ox . . ) [ (  v - x .  ) + (o - 1 )  x . . J 1 J  1 1 J  J 1 J  
= (v - X . ) y . - o ( Y - x . ) x . .  J 1 J 1 J 

"' 2 ) + (o - 1 ) (y . x .  . - bx . .  1 1 J  1 J  
- X . . ) = ( y - X . ) L y . - D ( y - X . )I X • • 1 J  J 1 J 1 J  
+ (o - 1 ) Q ) . x .  . - oi x . . 

2 J 1 1 J  1 J  
= 0 

S i nce I Y ; = I xi j = 0 , a n d  

T hu s , 

I Y . x  . .  

0 = 
1 1 J 

I x . .  
2 

l J  
- 2 - � 2 - X . . ) = I ( Y . - y . )  1 J q 1 1 

" - 2 + I ( Y .  - X  . . ) 1 1 J q 
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( b ) To P ro ve :  ,.. - 2  - - 2 2 2 I ( y i - X i J" ) = q ( y - X
J. ) + (b - 1 ) I X • • 

q 1 J 

A 
( y .  1 

A I ( Y . 1 q 

S i nce , 

"' y .  - x .  0 1 1 J 

- 2 - X • •  ) 1 J - 2 - X .  0 )  1 J 

= Y + bx . . - X . .  1 J 1 J 
= { Y  - X . )  + bx . . - X . .  + X .  J 1 J 1 J J 
= ( y - X . ) + (b - 1 ) X • • J 1 J - - 2 2 2 - -= ( Y - X .  ) + (b - 1 )  X .  • + 2 (b - 1 )  ( Y - X . ) x . .  J 1 J J 1 J - - 2 2 2 = q ( y - X j ) + (b - 1 ) I X; j 

2 (t> - 1 ) (Y - 'x o )  I x · . = o J .lJ 
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APPEND I X  C :  Compa r i s on of  mode l p redi cted pa sture i ntak e ,  l i vewei ght ga i n s a n d  wool g rowt h  rates 
w i th  va ri ou s p u b l i s hed s t u di es , for non p regnan t ,  non l a ctat i n g ewes  and  l ambs 

Pasture Percent Pasture Pasture Pasture Inta<e Li �eight Gain Woo 1 Grcwth Rate 
Reference cover Green Qual i ty Al l owance Observed Si JTU 1 ated Obser\ed SiJTU l ated Observed SiJTUl ated 

Pasture 
(kg IJ.1/ha) (MJME/Kg (kg £l.1/ (kg £l.1/hd/d) (g/dey) (g/day) 

[}1) hd/d) 

Rattray et al . (1978) 1810 40 10.4* 1.8 0.44 -41 -130 
(Ewes - Autum ) 4.4 0.88 -23 - 23 

6.5 1.0 -23 0 
9.3 1.06 5 16 
9.4 1.07 0 17  

3250 57 10.4* 1.8 0.88 -19 18 
3.8 1.30 50 82 
6.4 1.46 76 106 
7.9 1.50 98 1 11 

10.5 1.52 95 114 

2710 34 10.4* 2.2 0.55 -68 - 90  
4.9 1.04 - 5 23 
6.4 1.14 28 37 
9.2 1.24 47 54 

1 1.4 1.29 32 61 

4310 52 10.4* 1.9 0.87 - 9 21 
3.6 1.29 51 85 
6.1 1 .48 130 114 
8.4 1.55 172 124 

10.0 1.57 147 127 

Sumer & Rattray (1900) 1400 70'<* 10.4* 1.4t 0.85 0.91 -� 0 8.8 8.1 
(Ewes - httLrm) 2.8 1.28 1.13 16 45 10.3 9.8 

4.6 1.79 1.23 129 60 10.9 10.6 
6.8 1.97 1.25 120 64 10.7 10.7 



(V') Pasture Percent 
N Reference CO\er Green N 

Pasture 
(kg IJ.1/ha) 

2700 70** 

(Hea..y Ewes) 2CXO** 70** 

(L i <j1t Ewes) 

Srreaton et �· ( 1981 ) 2400 25 
(Hi l l  Coontry Ewes - Autum) 

2000 55 

Jag;sch et a l .  (1979) 3:nl 00 
(Larrbs: W:.18 WeEks of 
A�, assl.ITed 00 = 20 kg ) 

Pasture Pasture 
OJa 1 ity A l lcwance 

(MJME!l<g (kg [1.1/ 
()'.1) hd/d) 

10.4* 1.2 
2.5 
4.2 
6.9 

10.4* 1.1 
2.4 
3.9 

1.1 
2.4 
3.9 

10.0* 2.4 
4.5 
8.0 
8.3 

13.2 

10.0* 1.3 
2 .0 
3.6 
5.1  
7.4 
8.1 

10.6 1.8 
3.1 
5.5 

Pasture Intake 
Observed Si mu lated 

(kg [1.1/hd/d) 

0.76 1.02 
1.38 1 .36 
1.44 1.50 
2.23 1.54 

0.84 0.88 
1.32 1 .22 
1.51 1.33 

0.95 0.88 
1.32 1.27 
1.31 1.41 

1.0 0.88 
1.3 1.04 
1.4 1 .11  

Li  vewei !tlt Gai n \t>o 1 Grcwth Rate 
Obser\ed Sirrul ated Observed Sirrulated 

(g/day) (g/day) 

45 49 9.2 9.0 
174 105 ll.O ll.5 
185 127 11.6 12.6 
224 134 12.9 13.0 

-130 0 7.1 7.9 
36 54 10.7 10.5 
57 71 1 1.7 11.5 

-87 37 7.0 7.9 
67 107 8.6 10.9 

136 132 9.7 1 1.9 

-69 -145 7.7 4.1 
8 - 69 9.5 6.2 
4 - 20 9.7 7.5 
9 - 18 9.9 7.5 

20 1 10.1 8.2 

-13 - 79 
13  0 
56 44 
56 61 
51 73 
68 74 

88 111 
121 156 
156 177 

Cpn_ t inued. 



oo::T Pasture Perce1t Pasture Pasture Pasture Intake Li �; g,t Gain Woo 1 Grcwth Rate 
N Reference co�r Green Qual i� Al lowance Observed Si mu lated Obse�d Si mulated Obse�d Si mu lated N 

Pastu re 
(kg !J.1,tha) (MJME/Kg (kg !J.1/ (kg !J.1/hd/d) (g/day) (g/dey) 

[)1) hd/d) 

2500 80 10.7 1.5 0.7 0.80 84 89 
3.9 1.5 1.08 126 173 
5.7 1.9 �.11 150 181 

Tharson et a 1 .  (1900) 300) 89 10.1 1 0.65 52 34 
(Lant>s 6/12-9/2, 2 0.83 102 86 
; nitia  1 Lwr = 19.7 kg) 3 0.90 123 103 

4 0.92 128 HE 
5 0.93 128 111 
6 0.93 126 1 11 

(Lanbs 10/2-4/4, 3100 86 10.2 1 0.74 0.75 55 62 
; nitial LWf = 24.4 kg) 2 0.99 93 126 

3 1.44 1.11  124 154 
4 1.16 148 166 
5 2.15 1.18 157 171 
6 1.19 164 173 

Larrbs (5/4-25/5 , 2500 93 10.0 1 0.81 0.81 - 4 48 
i nitial LWf = 31.3 kg ) 2 1 . 11  58 113 

3 1.44 1.23 94 138 
4 1.29 104 149 
5 2.50 1.31 133 154 
6 1.32 136 156 

* Assured ()Jal i ty of Green Pasture 
** Assl.JT'ed V a lues 
t Green A 1 1  owances 
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AP PEND I X  D :  Des i gn for th i rd rep l i cate of 3*5 factori a l  

( I . M .  Gra vett , pe rsona l commu n i cat i on )  

l l l 1 l 2 l 1 1 3 3 l 1 1 2 
1 2 3 1 2 2 1 2 1 

1 3 2 1 3 1 1 3 3 

2 1 3 2 1 2 2 1 1 

2 2 2 2 2 1 2 2 3 

2 3 l 2 3 3 2 3 2 
3 1 2 3 1 l 3 1 3 

3 2 1 3 2 3 3 2 2 
3 3 3 3 3 2 3 3 l 

2 1 l 3 2 1 1 2 2 1 1 l 

1 2 2 1 2 l 1 2 3 

1 3 l 1 3 3 1 3 2 
2 1 2 2 1 1 2 1 3 

2 2 1 2 2 3 2 2 2 
2 3 3 2 3 2 2 3 1 

3 1 1 3 1 3 3 1 2 
3 2 3 3 2 2 3 2 1 

3 3 2 3 3 1 3 3 3 

3 1 1 2 3 1 1 1 3 1 1 3 

1 2 1 1 2 3 1 2 2 
1 3 3 1 3 2 1 3 1 

2 1 1 2 1 3 2 1 2 
2 2 3 2 2 2 2 2 1 

2 3 2 2 3 1 2 3 3 

3 1 3 3 1 2 3 1 1 

3 2 2 3 2 1 3 2 3 

3 3 1 3 3 3 3 3 2 



APPEND I X  E :  E con omi c a s s ump t i on s 

Va r i ab l e  C o s t s  - J u ly 1983 (W . J . P a rk e r ,  p e rsona l commu n i cat i on )  

226 

A s sump t i on s :  1 s hea r i n g ,  1 c ru tc h i n g ,  1 da gg i ng ,  1 t i pcrutch  = $2 . 2 8/ewe 
l es s  shea ri n g  costs  of 4 . 6% that  di e = $ 2 . 2 0/ewe w i nte red . 
An i ma l  hea l th $0 .90/ewe w i nte re d. 
R ams $0. 5 0/ ewe w i nte red . 

, : Ewe rep l a ceme n t  cos t s , two t ooth  ewe p r i ce $ 2 7 . 5 0 .  
C u l l ewe pr i ce  $ 1 0 . 0 0 ,  2 5% rep l a cement  rate , 4 . 6% ewe death 
rate  = $ 4 . 84/ewe w i ntered . 
I n t e re s t  on cap i ta l . C a p i t a l  va l ue $20/ewe , 1 5% i nterest = 
$ 3/ ewe w i ntered. 
To t a l  cost /ewe wi n t e red = $ 1 1 . 4 4 .  

P r i ces A s sumed 

W o o l  $ 3 . 2 0/k g .  (MAF Costs  an d P r i ces 1983 . ) 
La mb De cembe r 1982 s ch edu l e  p r i ces  (A . B .  Wa l k er pe rsona l 

c ommu n i ca t i on ) .  
C a rca s s  wei gh t ( 1 2 . 5  k g ,  $ 1 . 36/k g.  
C a rc a s s  we i ght  > 1 2 . 5 kg ,  $ 1 .48/k g.  
A s sumed d ress i ng ou t p e rcenta ge = 50%. 
A s sumed ra n ge a bout a ve ra ge l i vewei gh t = ± 4 k g  ( o ne sta nda rd 
d e vi a t i on  fo r l a mbs at wea n i n g - D .J . Ga rri ck ( u n pu b l i s hed 
d a t a )  • 

• � I f  average s e l l i n g LWT ( 2 1 . 5  k g ,  Pr i ce = $ 0 . 68/k g LWT . 
I f  a ve ra ge s e l l i n g LWT > 2 9 . 5  k g ,  Pri ce = $ 0 . 74/k g LWT . 
E LSE P r i ce = $ ( 0 . 00 75*LWT + 0 . 5 187 5 ) /k g  LWT . 
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APPEND I X  F :  Opt i mu m  l a mbi ng  day and associ ated  gross ma rgi n fo r each 
c ombi nat i on of graz i n g dec i s i on at stock i n g rate 14 ewes/ha  

G raz i n g Dec i s i on 
S p r i n g  0 1 5  30 
R et i re ' 0 7 1 5  0 7 1 5  0 7 

W i nt e r  F l u s h 

' 

1 5  227 t 227  227  226  226  226  226 226 
3 7 0 . 9 �  3 7 5 . 1 387 . 4  389 . 5  393 .8  403 .9  390 . 3  395 . 0  

6 0  30 227 2 27 22 7  226 226 226 226 225 
3 7 0 . 3  3 7 5 . 4  386 .9  388 . 5  393 . 6  402 . 8  389 . 4  395 .0  

60 mu 228 228 226 226 226 226 226 
3 7 1 .4 383 . 7  387 . 0  389 . 6  399 . 7  388 . 2  391 . 3  . 

1 5  22 7  22 7  227  225 225 225  225  225  
37 7 . 7  38 1 . 4  393. 6 393 .5  397 . 2  40 7 . 2  392 .6  396 . 7  

9 0  30 2 2 7  227 227  225  225  225  225  225  
377 . 1  381 . 5  392 .9  392 .4  396 . 9  406 . 0  39 1 . 7  396 . 6  

60 227 . 2 27 227 226 225 226 226 226 
3 7 5 . 6  3 7 7 . 6  389 .8  390 .9  393 . 0  402 . 9  3 90 . 6  393. 1 

1 5  226 226 226 226 225  226 226 226 
383 . 3  386 .6  3 98 . 1  396 .9  400 . 1  409 . 4  39 7 . 4  40 1 . 1  

1 20  30 226 225 226 225  225  226 225  225  
382 . R  386 .8  3 9 7 . 5  395 . 8  399 . 9  408 . 4  396 . 5  40 1 . 1  

60  226 226 226  226 226 226 2 26 226 
397 . 8  38 1 . 4 392 .9  393 . 0  394 . 6  403 . 9  394 . 0  396 . 1  

t opt i mum l amb i n g day 
* assoc i ated opt i mu m  g ros s ma rgi n 

1 5  

226 
405 . 0  

226  
404 . 1  

226 
40 1 . 3  

226 
406 . 6  

225  
405 . 7  

226 
402 . 9  

...., 

226 
I 

� 
4 1 0 . 3  

226 
409 . 5  

226 
405 . 3  

Cont i nu e d  ove r  
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A p pend i x F Con t i n u e d ,  st ock i n g rate 1 6  ewes /h a 

G ra z i n g  Dec i s i on 
S p r i n g  0 1 5  30 
R et i re 0 6 1 2  0 6 12 0 6 1 2  

W i nt e r  F l u s h  

1 5  [ill] 236 2 38 235  235  237  234 234 2 35 
359 . 4  3 7 0 . 6  383. 5 393.9  403 . 2  391 . 1  40 1 . 3  4 10 . 3  1 

6 0  30 - 233  233  2 37 2 34 2 34 236 233 2 33 234  
35 1 . 6  359 . 5  368 . 3  3 86 . 4  394 .4  401 . 5  394 . 1  402 . 0  408 . 7  

6 0  2 3 3  2 3 3  236  2 34 234 235 233 233  2 34 
354 . 5  360 . 1  3 74 . 1  388 . 4  394. 1 406 . 5  396 . 7  402 . 2  4 1 4 . 5  

1 5  2 3 9  238  2 40 234 234 235 232  232  2 34 
3 7 0 . 3  381 . 0  39 1 . 7  404.8  4 1 5 . 7  423 . 5  404 . 9  4 1 5 . 8  4 23 . 1 

90  30  2 38 237  239  233  233  2 35 23 1  2 3 1  2 33 
3 7 0 . 8  3 79 . 1  387 . 8  4 06 . 4  4 1 5 .0  420 . 5  406 . 9  4 1 5 . 3  4 20 . 3  

6 0  236  236  238 2 3 3  233  234  23 1  232  233  
3 7 0 . 9  3 7 7  . o  390 . 8  4 06 . 1 4 1 2 . 3  423 .4  407 . 1  4 1 3 . 2  4 2 3 . 8  

1 5  235  2 3 5  2 3 7  2 3 1  232  233  233 233  234  
378 . 8  389 . 9  3 9 7 . 4  4 1 2 . 0  423 . 1 4 27 . 6  4 13 . 3  424. 3 4 2 9 . 6  

1 20 30 234 234  236  2 30 2 3 1  232  232  232  2 3 3  
38 1 . 1  389 . 8  395 . 1 4 1 5 . 5  424 . 1  4 26 . 4  416 . 3  424 . 8  4 28 . 0  

6 0  234  234  235  231  231  232  232  2 3 2  233  
384 . 4  390 . 7  40 1 . 5  4 1 7 . 9  424 . 2  432 . 1  4 1 9 . 3  4 2 5 . 5  4 34 . 2  

Con t i nued ove r 
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Append i x  F Cont i nued , stock i n g rate 1 8  ewes/ha 

G ra z i n g  Deci s i on 
S p ri n g  0 1 5  30 
R eti re 0 5 1 0  0 5 10  0 5 1 0  

W i nt e r  F l u s h  

1 5  2 54 254  2 5 4  250 254 2 54 249  247  254  
352 . 7  359 . 0  360 . 6  37 7 . 3  384 .8  390 . 2  381 . 6  389 . 1  3 95 . 7  

6 0  30 2 54 254 2 5 4  250 255 254  249 24 7 2 5 4  
35 1 . 1  358 .3  3 6 2 . 8  3 7  3 .  9 383 . 0  390. 9  381 . 2  390 .0  399 . 5  

60 [ill] 254  2 5 4  247  251  2 54  24 7  246 254 
357 . 6  360 .0  374 .8  385 . 3  39 1 . 1  38 1 . 8 394 . 0  399 . 1  • 

1 5  249 2 5 1  2 5 4  242 244 2 5 7  240 243  2 5 2  
37 1 . 0 376 . 8  3 7 5 . 5  405 . 3  409 . 8  406 . 3  408 . 1  4 1 6 . 0  406 . 1  

9 0  30 249 2 5 2  2 54 24 1  244 258  240  242  2 52 
368 . 9  376 . 1  3 7 7 . 6  402 . 1  407 . 7  407 . 5  408 . 0  4 1 7 .0  409 . 8  

60 247 248 2 5 5  24 1 243  2 5 1  240 242  248  
368 . 1  3 7 7 . 7  37 5 .8 405 . 1  4 1 3 . 7  408 . 2  4 10 . 4  422 . 5  4 1 2 . 0  

1 5  248  250  2 5 7  242 243 246 239 2 4 1  243  
382 . 2  386 . 3  384 . 4  4 1 7 . 0  4 1 9 . 9  4 1 1 . 3  4 1 9 . 0  424 . 9 4 1 1 . 2  

1 2 0  30 248 2 50 2 5 8  242  243  246 2 39 24 1  243  
384 . 8  390 . 2  3 9 1 . 6 4 18 . 3  422 . 5  4 16 . 5  423 . 6  4 30 . 6  4 1 9 . 6  

6 0  247  248  2 5 2  242 243  245  239  EJ 243  
385 . 1  393 . 3  390 . 1  422 . 3  429 . 6  4 2 1 . 6  4 2 7 . 0  

l
437 . 2

! 
424 . 4  
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