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( i i )  

AB STRAC T 

Two areas o f  research are reported  in this s tudy . F i r s t , the 
c ompari so n  between the pro f it ability o f  a high performanc e f lock a nd a 
low per f o rmanc e flock run at  a higher  s t o c king rate  o n  Ma s s ey 
Univer s i t y ' s  Tuapaka hill  c ountry uni t . Second , the c ompari son 
between s imple feed budget ing and c omplex s imula tion mod e l ling as 
methodo l o g i e s  used in th e design of past oral  based sys t ems . 

Whi l e  the higher performanc e f lock i s  found t o  be marginally more 
pro f i t a b l e  than th e lower performanc e f l o c k ,  the s impl e  ( spreadsh e e t  
based ) f e ed budget models u sed for  the analysis show l i t t le differ ence 
in the p a t t ern of f eed demand between th e flocks . The greatest  
di f f erenc e s  in pro f itabi lity were due  t o  s t ocking rate  r a ther than 
perf orma nc e .  A low stocking rate system that allowed l ambs t o  be 
g r own o u t  to heavy carcass  weigh t s  wa s found to be the mo s t  pro f i t able 
sys t em for Tuapaka . A number o f  weakne s s e s  can be ident i f ied in the 
s imp le f eed budget ing appro ach however . 

The s e  inc lude : limited feed t able data  on the e f f ec t s o f  
d i f f erent leve ls o f  nu trit ion on animal perf ormance f o r  t h e  periods  o f  
pre gnancy and lac t a t i o n ;  a l a c k  o f  feed t able data on t h e  relat ionship 
be tween f e ed int ake and wool produc t i o n ,  and failure to  t ake int o  
a c c o unt the inter act ion be tween past ure c over , past ure growth rat e s , 
past ure qua lity , animal int ake and subs equent leve l s  o f  animal 
performa nc e .  These lat t er two weakne sses  are ana lysed by u s ing 
spreadsh e e t  based s imulation models  in the second part o f  th e study . 

The r e sult s o f  the se analysis indic ate  that wool product ion i s  
u nder - e s t imated by the s imple f e ed bud get mo del , par t i c u l ar ly in the 
c a s e  o f  th e high performanc e f l o c k .  C orrect ing thi s  increases the 
pro fit  margin between the two f l o cks , but does not a l t e r  the r anki ng s .  

Ana lysis  o f  th e e f f e c t  o f  int era c t ions betwe en pasture  compo nent s 
and anima l performance over the period o f  lactation shows that the 
s imple f ee d  budget appro ach f a i l s  to repr e s ent the true s i t uat ion i n  
t e rms o f  t h e  pattern � f  past ure growth , animal intakes and subsequent 
p e r f ormance level s ,  and that  th i s  is e s peci ally so where  pasture c over 
f a l l s  be l ow 1 000 kg DM/HA . Th i s  analysis  suggests  tha t  the linear 
r e l a t ionsh i p s  a s sumed in the s imple f eed budget approach d o  not h o l d  
in reali t y . 

The c o nc lu s ions f rom thi s  s t udy are that a high p e r f o rmanc e ,  l ow 
s t o cking r a t e  system would be more p r o f i t able than a l ow perf ormanc e ,  
h i gh s t o cking rate system for  the Tuapaka h i l l  country u ni t , but that 
i t  would o f f er lit t le advant age in t erms of better mat chi ng f e ed 
d ema nd a nd f e ed supply . 



( iii ) 

Complex simulation modelling has  a numb e r  o f  advan t a g e s  over the 
simple feed budgeting technique . However , the use  o f  th e s e  mod e l s  � s  
dependen t on the validat ion of th e models  and the con s t r u c t i on o f  
mod e l s  th at are " u ser- friendly" . The study iden t ified a n umber o f  
areas wh ere f ur ther work i s  required in the validat ion o f  some o f  the 
more complex int er-relat ion ships . 

Simple feed budgeting is qu ick and simp l e  t o  use , and in a gro s s  
sen se provide s feasible results provided pa s t ure cover levels are 
maintained wi thin c er t ain bound s .  The defin i t ion of th e upper and 
lower bounds requires further wo rk , a revi ew of the lit erature 
suggests they are 1 00 0  and 1 7 00 kg DM/ HA .  

Th e use o f  spreadsheet techno logy proved highly e f f ec t ive f or the 
development o f  simple f e ed budget mode l s . H owever ,  there  were a 
number of con s train t s  evident when spreadsh e e t s  were used  for the 
c on s truction o f  more c omplex mode l s . The s e  in c luded , c apacity , 
c a l c u lation t ime and limi t a t ion s  in t erms o f  the avai l ability o f  
mathematical formulae . Wi th further devel opmen t s  in thi s  t e chn o logy 
expected , spreadsheet s should prove a u s e f u l  t oo l  in the developmen t 
o f  more compl ex simu la t i on models . 
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Cha p t er One 

1 . 0 I ntroduc tion.  

The f inancial struc ture of hi l l  c ountry farming in New Zea land 
ha s undergone rapid change since the e l e c t i o n  o f  the L abour Government 
in 1 9 84  and the subsequent adopt ion of an unsubsidised market l ed 
economy ( Douglas , 1 984 ) . Thus , whi l e  me a t  and wool expor t s ,  the 
tradit ional produc ts  o f f  hi l l  c ountry , made up 6 7 . 5 % of a gricultural 
rec e i p t s  in 1 9 85 , and agriculture overall cont ributed 7 0% of New 
Zeal and ' s  net export rece ipt s ,  f arm inc ome s f o r  the 1 9 8 5 / 8 6  year f e l l  
5 2 %  from the previ ous year ( NZMWBES , 1 9 85 ) . Thi s reduc t i o n  wa s 
a t t r ibut ed to lower output , higher i nput c o s t s  and lower f arm gate 
pri c e s . 

Brazendale ( 1 985 ) reviewed Government P o l i cy chang e s  wi th respect 
to a gricult ure , and analysed the ini t i a l  impac t  of the s e  o n  a group o f  
sout hern North Island hi l l  c ount ry f armer s .  He c onc luded tha t " f armers 
not  o nly have l i t t le incent ive t o  re invest in farming , but they are 
being f orced t o  reduce on- f arm expenditure i n  order t o  s t ay 
financ ially viable" . Under these c o ndit ions further i nc r e a s e s  in hi l l  
country produc t ivi ty o r  in f armer ret urns c anno t be exp e c t e d  t o  c ome 
from large inve stment s o f  capi t a l  back into t he farmi ng s e c t o r , as  wa s 
the case  through the late  sevent i e s  and early eight i e s  ( Taylor , 1 9 86 ) . 
Farmer s instead , wi ll adopt low c o st  syst ems and att empt t o  impr ove 
r e t u r ns from current resources . In thi s  respec t ,  Parker ( 1 98 4 )  on the 
ba s i s  o f  a survey of Wairarapa hill  c ountry f armers , c o nsidered that 
large  gains in produc tivity could be made through relat ively small , 
and i nexpensive changes t o  mana gement prac t i c e s . 

Hill  country farmers wi l l  therefore bene f i t  from r e s earch into 
the r e a l location of the re sour c e s  avai lable to them and a l t ernative 
me thods of mana ging these . Thi s s tudy , i s  set  within this  c ont ext and 
looks at one aspect of hi l l  count ry sheep farmi ng which c ould 
potentia l ly improve f armer s '  financ i a l  ret urns - the impr oved 
a l l o c at i o n  of a usually limi t ing wi nter and spring pasture  re source  t o  
ewe s o f  dif ferent pregnancy statu s .  

1 . 1  Motivation for the St udy .  

Diversification opti ons for hi l l  c ount r y  f armers are  c ommonly 
limi t ed by a range of f a c t ors inc luding t opogr aphy , pr oximi ty t o  
mar ke t s  f or produc e ,  c lima t e , high c ap i t a l  r e qu irement s  and 
ava i lability of l abour . Horticul t ure , deer , g o a t s  and f or e s t r y  whi ch 
hav e  substant ially increased on hi l l  c ountry during the last  decade 
( Pe r c ival and Hawke , 1 9 8 5 ; Taylor , 1 9 8 5 ; Spier s , 1 98 6 ) , for  example , 
a l l  r equire large inpu t s  o f  c apit al normally beyond the means of an 
individual f armer . The re sponse to this  constr aint ha s i nc luded the 
e s t abli shment of farming partnerships , synd i c a t e s and the setting up 
of public  companies some of whic h  have been l i st ed o n  the stock 
exchange ( Broad , 1 9 86 ; Wood , 1 98 6 ) . H owever , for the ma j ority  of hill  
country f armers the  only viable option ava i lable t o  t hem t o  i ncrease  
product i vity and financ i a l  returns is  to  improve their  current farming 
s y s t em .  Thi s may simply involve an improveme nt in the e f fi c i ency o f  
r e s ourre u s e  or more radic a l ly ,  a r e a l l o c a t i o n  of r e sourc e s  t o  develop 
a new production sys t em .  
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The �e sign and c ontrol o f  new 
2 

f arming systems i s  one o f  the
� r o l e s  o f  management ( Wright , 1 9 84 ) .  Thi s i s  a c ompl ex pro c e s s  

because the des igner requires detai led informa t ion about t he 
c omponent s o f  the syst em and how they interact . The lack o f  obj e c t ive 
data  describing the int er-re lationships between various c omponent s in 
t he sys tem,  mai nly bec ause of their b i o l ogic a l  c ompl exity , has been 
t he main f a c t o r  restrict ing progre s s  i n  the d e s i gn o f  improved f arming 
sys t ems relative to other fields such a s  indust rial design.  
Neverthele s s , a number o f  researche r s  have lo oked a t  the desi gn o f  
pastoral  b a s ed systems , u sing a range o f  techniques . F o r  example , 
McRae ( 1 9 7 5 ) s tudied bu l l  beef systems , and Mi l ler ( 1 9 8 3 ) d airy 
syst ems using a linear programming appr oach . Bircham ( 1 984 ) and McC a l l  
( 1 9 84 ) d eve loped simulat ion mode l s  t o  investi g a t e  a l t ernative sheep 
f a rming syst ems . Wright and Baars ( 1 9 7 6 ) also  used t hi s  met ho d  to  
s tudy bull beef producti on. 

However ,  very little  work has been published in New Zealand wi t h  
re spect to  t he d e sign of hi l l  c ount ry f arming systems . McC all ( 1 9 8 5 ) , 
analysed t he e f f e c t  o f  varying l ambi ng date  and s to c king rat e ,  a long 
wi th t he inf luence of pre- and po s t - lambing nu t r i tion on farm 
profit abili t y .  Wa lker ( 1 984 ) ana lysed t he effect  o f  wint ering hogget s 
for supply t o  an export hogget marke t , and Journe aux et a l  ( 1 9 8 7 )  
c ompared the profitability o f  a l t erna t i ve bull beef options o n  summer 
wet and summer dry Wairarapa hi l l  c ountry . 

Thi s work has  been based on a generalised f arm type , rather t han 
specific case  f arms . It is wel l  known , however ,  t hat there are 
substantial varia tions in physi c a l  and f inanc i a l  perf ormance o f  f arms 
wi t hin c l a s se s , r egions , and distric t s  ( Fit zharri s  and Wright , 1 9 84 ; 
Parker and Towns l ey ,  1 9 86 ) .  Thi s means t hat  whi l e  broad 
rec ommendati ons can be made wi th re spec t t o  me thods of improving hi l l  
c ountry f armi ng , they may in fact  have l i t t le re levance t o  an 
individual property . The author , who has had a c lose  association over 
t he past five years wi th the deve l opme nt o f  Ma s sey University ' s  hi l l  
c ountry she ep f arm , Tu apaka , wa s par t i c ul ar ly int erested i n  d eve l oping 
a comprehensive model of an individual f arm . Thi s would provide 
valuable informa t ion for the further development o f  t he f arming 
sys t em ,  and he lp to identify c omponent s which required more 
und e r s t anding and hence improve the e f f e c t ivene s s  of the on- f arm 
r e search e f f or t . 

1 

2 

3 

I n  the c ont ext of this st udy a produc t ion sys tem i s  de fined a s  
the bio l o g i c a l  system that produc e s  outpu t s  ( produc t s )  f r om 
inputs  on a f arm property . 

The f armi ng system encompasses  both  t he product ion system and t he 
management system.  

The manag ement sys t em is  def ined as  t he system used on the 
property t o  design ,  implement and c o nt rol t he produc t io n  sys t em .  
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The de sign of pastoral based systems using simulation models  i n  
New Z e a l and has invo lved models o f  varying c ompl exity r angi ng from � 

simple feed budget models  t o  complex biologi c a l  models . One ma j or 
que s t i o n  that mu st be a sked is ; "Wha t advantage do the c ompl ex 
bio logical  mode ls  have over the l e s s  sophi s t i c a t ed ( simple ) feed 
budget mod e l s  in t erms o f  designing alt ernat ive hill c ountry syst ems? " 
Thi s s t udy a ddresses  this que s t i o n .  

Simulat ion c a n  b e  def ined a s  a t echnique " that invo lves s e t t i ng 
up a model o f  a real situation,  a nd then per formi ng experiments o n  the 
mod e l "  ( Nayl or et a l ,  1 9 66 ) . Howeve r ,  Wright ( 1 9 7 0 )  poi n t ed out that 
this definition allows all  re search invo lving models t o  be c l a s s i fied 
as  simulation  models . To prevent c o nfusion l a t er in the t ext , the 
author has different i a t ed betwe en mode l s , in t e rms o f  their 
complexi t y .  The comprehensive biological models  have been referred t o  
a s  simulation  mode ls  whi le the basic  f eed supply - d emand model i s  
referred t o  either as a " simple f e e d  bud g e t "  or  as " t he simp le feed 
bud g e t i ng a pproac h/ t echnique " .  

1 . 2 The Physical Resources and Ma nageme nt of Tuapaka . 

1.2.1 Phys ical Re sourc e s . 

The Tuapaka hill unit i s  l o c a t ed in the Manawatu d i s t r i c t  of the 
North I s land , New Zeal and . It lies  to the southeast of the Manawa tu 
river on the f l anks of the Tararua ranges , 13  km from P a lmer s t on North 
( Figur e 1.1). 

The f arm comprise s 3 6 5  HA ( 3 3 4  HA effective ) , whi ch r i se s t eeply 
from 80 m above sea level ( a s l )  at the front o f  the pro perty to an 
alti tude of 1 4 0 m asl , and then more gent ly from this point t o  3 40 m 
asl  at t he back boundary ( Figure 1.2 ) . 

The property fac e s  northwe s t  a nd i s  deeply bi s e c t ed by a number 
of pr imary and secondary gullies t hat r i s e  in the vic i nity of the back 
boundary . These gullies are steep sided and drain into t he Manawa tu 
river . The t opography of the hi l l  block can be divided into  2 6 1  HA o f  
e a s y  t o  mod erately steep h i l l  c ountry o f  which 5 0 %  i s  d i s c able , a nd 
1 0 4  HA i s  s t eep t o  very st eep hi l l  country . 

The soils  c an be subdivided i nto t hree main groups ( McLaughli n ,  
1 9 8 3 ) . The front hi l l s  are steep t o  very steep , and compri se Tuapaka 
hi l l  s oi ls , Halc ombe s t eepland soils , a nd Makara s t eep a nd very steep  
soi l s . The s e  soils  are generally o f  low t o  very low natural f e r t i lity , 
having been formed under Black Beech forest , and are d erived from 
sand s t one , loe s s ,  conglomerate , and greywacke . 

The mid-hil l s  are generally o f  easier c o nt our , partly yellow grey 
earth and partly yellow brown earth wi th intergrades . The se s o i l s  are 
of medium fertility,  t end to be wet in wint e r , and compri se H a l c ombe 
hi l l  soi l s , a rolling pha se o f  the Shannon s i l t  loam, and some Makara 
s t e ep land soils . The se soils  were formed under dic otylous podoc arp 
for e s t s a nd were derived from sand s t one , c onglomer at e ,  a nd loess wi th 
some gr eywa cke . 
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Figure 1 . 1  Loc ation Map ( Sour c e : McLaughlin,  1 98 3 ) 
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Figure 1 . 2 
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Idea lized s e c t ion acro s s  Tua paka Farm , showing 
Physiographic Unit s .  ( Sour c e : McLaughlin , 1 9 8 3 ) 
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The back hi l l s  a r e  made u p  o f  mainly yellow brown earths , and 
compri s e  of Ramiha silt  loam ,  Kor okoro s i l t  loam, and in the north�ast 
corner , Makara s t eepland soi l s . These soils  are free draining , but 
l eached a nd o f  low natural ferti lity , a lthough onc e  superpho s pha t e  ha s 
been applied these soi ls  are t he mo st product ive on t he hill  blo c k .  
The c o nt our i s  generally easy wi t h  less  gully d i s s ect ion . 

The c limate  at  Tuapaka changes wi th a l titud e . Wind run and 
precipitation  increase wi th a l t i t ude , where a s ,  s o i l  t emperatures 
d e c l ine . The average rainf a l l  a t  t he front of the property is  
e s t ima t ed at  around 1 1 40 mm , r i sing t o  1 2 70 mm at  t he back boundary 
( C owi e , 1 9 7 8 ) . On- f arm rainf a l l  data ha s been collected  sinc e  1 9 7 6  
( Table l . l ) . Over t hi s  period the average precipit ation for Tuapaka 
ha s been 1 1 32  mm/ annum , wit h  a range of  9 3 1  - 1 3 2 1  mm/ annum . The 
driest  month i s  February , and the wet t e st months June , July , and 
Oct ober . O f  speci a l  note i s  the extreme variabi lity in any one mont h .  

Table 1 . 1  

Month 

January 
February 
Ma rch 
Apr i l  
May 
June 
July 
Au gust  
Sept ember 
O c t ober 
November 
Dec ember 

Tot a l  

A Summary of Average Monthly Rainfa l l  Data ( mm )  For 
Tua paka From 1 9 7 6- 1 9 8 5 . 

Average Rainfall  Minimum Maximum 

6 0  0 1 0 9  
5 4  l l  9 7  
8 3  1 8  1 8 8  
7 3  32 1 4 0  
9 3  40 1 3 7  

1 0 5  46 2 4 3  
1 0 5  3 9  1 80 

96 41 1 5 9  
lOO 0 1 6 5  
1 04 68  1 5 4  

9 1  56 1 6 3  
lOO 23 1 7 4 

1 1 3 2  

The wind r u n  a t  Tuapaka i s  ext remely high .  The strong northwe s t  
and we s t e r ly winds a r e  channeled u p  the deep gull i e s  o f  Tuapaka , 
increa sing t heir velocity ( C owi e , 1 9 7 8 ) . Thi s tends t o  have a 
significant drying e f f ec t  on the sha llower hill soi l s  over t he s pring , 
s ummer a nd autumn period . 

Tuapaka was developed out o f  s crub and bush remnant s t hr ough a 
proc e s s  o f  burning and oversowing from 1 9 3 8  into the early 1 9 5 0 ' s . The 
hill p a s t ure s were s own from a bush burn mix that c ontaine d  a high 
propor t i on of  brownto p  ( Agro s t i s  tenu i s  Sibth . )  seed . O n c e  t he ini t i a l  
c learing w a s  complete d , later pasture deve l o pment i nc luded t he 
over s owing o f  s e l e c t ed paddocks wi th whi t e  clover ( Tr i f o l i um repens ) ,  
intens ive subdivision during the 1 9 6 0 ' s , the aerial a ppli c a t i on of  DDT 
super phos phate from 1 9 65  - 1 9 70 to cont r o l  grass grub , a nd t he 
c u l t ivati on a nd e stabli shment of improved species ( ryegr a s s  ( Lo lium 
perenne �), whi t e  c lover , red c lover ( Tr i f o lium prat ens e  � )  and 
cocksfoot  ( Da c tyli s  glomerata � ) ) o n  3 2  HA o f  the back hi l l s  ( Ramiha 
s i l t  loam) in 1 9 7 4  a nd 1 9 7 5 . 
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The pastures on Tuapaka c an be subdivided into f our main c la s s e s . 
The first  c o nsist s of pa s tures that are ryegra s s /white c lover domi�ant 
wit h  a reasonabl e  proportion of browntop and Yorkshire f o g  ( Holcus  
lanatus � ) , whi ch are f ound on the more f er t i l e  sites , c overed by t he 
Ramiha silt l oam . Class  two c onsi s t s  of a l ow f ertility sward 
d omina ted by br ownt op , with crested dog ' s  t a i l  ( Cynosurus c r i s t a t u s  
L . ) ,  sweet vernal ( Anthoxant hum odora tum L . ) a n d  rat ' s - t a i l  ( Vulpia 
;Juros. �) making up the remainder o f  the-;ward's grasse s . Clover 
c ont ent is l ow,  wi th sub-c lover ( Trifolium subterraneum �) t he 
predominant l egume . The se pastures are found on the l ow f er t i lity 
sit e s , predominant ly the  Tuapaka hi l l  soils . C l a s s  three deno t e s  a 
sward that i s  predominant ly rat ' s-tail  and browntop , with s ome 
Yorkshire fog  on the higher fertility sites . The se pastures are f ound 
o n  t he very s t eep front scarp and the st eeper gulli e s , where the s o i l s  
a r e  of low fertility , and a r e  prone t o  drying o u t  over the summer . 
C l a s s  four pastures are f ound over mo st  of the midd l e  of the farm, 
wher e  there are medium fert ility soils less prone to drought . The s e  
pastures  con t ain predominant ly ryegrass and Yorkshire fog . 

With the exc eption o f  c lass  one , the c l over cont ent o f  the swa r d s  
i s  l ow and t h e  c lovers t end t o  b e  small leafed h i l l  c ountry ec otype s .  
Sub- c l over is found on the drier slope s ,  and Lotus  ma j or ( Lo t u s  
c oni culatu s �) on the we tter  south f ac ing s l ope s . 

Trials by Korte  ( unpubli shed ) over the period 1 9 7 7  - 1 9 7 9  found 
t ha t  the resident hi l l  p a s ture produ ced 6 , 600 kg DM/ HA/annum c ompared 
t o  9 , 2 00 - 1 0,300 kg DM/HA/ annum on a newly sown sward . Data 
c o l l ec t ed si nce 1 9 8 3  sugge s t s  that t he re sid ent hi l l  sward produc e s  
7 , 5 0 0  kg DM/HA/annum over the ent ire hi l l  block . 

The hi l l  unit i s  subdivided int o 5 3  main paddocks wi th 
c onvent i onal and electric  fences ( Fi gure 1 . 3 ) . Trough wat e r  is 
r e t i c ul a t ed to 95% of paddo cks on the farm . The farm is  we l l  acce s s ed , 
wit h  three maj or gravelled  t racks and a central  lane . The f arm ha s 
c ompr ehensive st ock handl ing facili t i e s , inc luding scales  for bot h  
sheep and c at t le we ighing , and the usual r ange o f  f arm mac hinery . 

The pro perty i s  run by a manager , with the aid of a head 
shepherd . They are a l s o  r e sponsible for running t he bu l l  beef uni t on 
t he f la t s . Shearing is d one by cont r a c t or s ,  and casual l abour is  hi r e d  
f or f encing , shelter  plant ing , weed spraying , and some maint enanc e 
work . 

The f arm has had a reasonable t opdr e s sing history . Between 1 9 7 6  
and 1 98 3  the f arm rec eived on averag e , 300 kg/HA of superpho spha t e  per 
annum . Lime wa s applied to  the Shannon block ( pa ddocks 1 - 8)  at a 
rate  o f  2 . 5 t /HA . S ince 1 9 8 3  the farm has received t he equivalent o f  
200  kg/HA o f  s uperpho spha t e  per annum , and lime has been applied t o  
one s ixth o f  t he f arm a t  a r a t e  o f  2 . 5  t /HA each year . Olsen P level s  
r ange f rom 9 t o  3 8 , with a n  average o f  1 5  a c r o s s  the property . S o i l  pH 
leve l s  are between 5 . 4  and 6.2 . 
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Prior t o  1 982 the farm wa s achi eving produ c tion l evels  o f  aroBnd 
4 . 3  kg wool per sheep st ock uni t  ( S . S . U . ) ,  and lOO% l ambing for the 
Perendale  f lock .  The Angus herd wa s averaging around 8 6 %  c a lving . Up 
unt i l  t his t ime the property wa s run as one farm . In  1 9 82 , Tuapaka wa s 
split into two separate ent erpr i s e s . The l l l  HA o f  f l a t s  were fenced 
off to f orm a bu l l  beef uni t , and the 3 6 5  HA hi l l  block wa s set up as 
an independ ent hill c ountry sheep uni t . The Perendal e  f lock wa s 
replaced by Romneys over the ensuing four year s . Re search work wa s 
pha sed out and the farms were run on f u l ly c ommerci a l  l ine s .  
Compari sons o f  po s t - 1 982 performance with previous year s  i s  therefore 
d i f f i c u l t . I n  1 982 the author wa s given the respons ibility of 
designing and implement ing an a l l-she ep system for the Tuapaka hil l  
uni t . 

1 . 2 . 2 The Tuapaka Hill Farming Sys t em .  

The probl ems f acing Ma s s ey Univer s it y ' s  Tuapaka hill  country f arm 
are typical of those c onfronting hi l l  c ountry f arme r s  in the l ower 
Nor th I s land of New Zealand . The ma j or d i f f iculty i s  that of ma t ching 
feed demand wi th feed supply . The reasons for this are : 

l )  Low wint er pasture growth ra t e s  which l imi t t he number of 
c api t a l  s tock that can be carried , and henc e the pot ent ial 
physical produc tion that c an be achieved . 

2 )  The late spr ing flush whi ch limi t s  the avai lability of feed 
over the critical  early lactat ion period . 

3 )  The inabi lity o f  the relatively l ow winter s t ocking rate  t o  
effectively c ont rol pasture growth during l a t e  spring and 
early summer .  Thi s reduces both pa st ure qua l i ty and subsequ ent 
pa st ure gr owth rates . 

4 )  Low summer past ure qua lity and hi ghly variab l e  autumn pasture 
growth rates  whi ch limi t anima l pr oduc t ion over the 
summer / autumn perio d .  

The se f ac t or s  a r e  largely re sponsible f o r  the r e l a t ively low 
l eve ls  of perf ormance achieved on much of New Zea land ' s  hill  c ount ry 
( During et a l ,  1 980 ; Rattray ,  1 9 82 ; T aylor , 1 9 82 ; Sheath et a l , 1 9 84 ) . 
The de sign o f  an a l l- sheep po licy for impl ementation in 1 9 8 3  a t t empt ed 
t o  overcome these prob lems . Thi s sys t em c onsi s t ed o f  2 7 00 ewe s ,  800 
ewe hogge t s ,  and 80  r ams and o thers to be wintered o n  the 3 3 4  HA 
( e f f e c t ive ) hi l l  block at a s t ocki ng rate  of 1 0 . 0  S . U . /HA ,  wi th 
l ambing in early Sept ember and weaning in early January a f t er the l a t e  
s pring f lush . Target mat ing l ivewe ight s o f  5 5  k g  for  two - t ooths and 
mixed age ewe s wer e  set . Shearing months wer e ; ewe s ,  November and 
March ; l amb s , January ; hogge t s ,  Oct ober ; and two-t o o t hs , February . 
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Ewe s were r o t a t i onally grazed ( 6 0 day graz ing interva l )  p o s t -
we aning , c l eaning up paddocks ahead o f  t he lamb s . Over 

-

f lushing / t upping the ewe s were on a f a s t er rotat ion ( 2 0 - 30 days ) . 
Thi s was increased after the first  cyc l e  o f  mati ng t o  an 80 day round 
t o  bui ld up f eed for l ambing . The r o t a t i o n  was short ened t o  4 0  d ays in 
the l a s t  three weeks of pregnancy be fore  s e t  s t o c king j u s t  prior t o  
l ambing . The ewe s r emained s e t  s t ocke d  unt i l  weaning . 

Post  weaning t he l ambs were shu f f l e  grazed over several  paddocks 
a t  l ow s tocking r a t e s , approxima t e ly t hr e e  we eks ahead o f  the ewe s . 
Lambs were sold a s  feed dic t a t ed , wit h  a l l  l amb s a le s generally 
c ompleted by the e nd o f  February . The replacement ewe lambs were 
shu f f l e  grazed unt i l  the end o f  May ,  before being mobbed up and 
rotated  around a s e parate hogget block ( 6 0 d ays ) for the wint er . I n  
August t he rotation was sped u p  t o  a 3 0  d a y  round . I n  Sept ember t he 
hogget area wa s reduced by one third and t he hog get s were placed on a 
2 0  day rotation . F o l l owing shearing i n  O c t ober , the ho gge t s  ( now 
c la s s ed a s  two t o o ths ) were set  s t o cked unt i l  early January . A 4 0  d ay 
r o t a t io n  was t hen c ommenc ed , wi th the two t ooths t aking sec ond 
priority to  t he lambs . The two t ooths j oin t he mixed age ewe s at  the 
s t a r t  of f lu shing in early March . 

The author had re spons ibi lity for the planning a nd c ont rol  o f  t he 
a ll- sheep policy . This inc luded grazing management , s t ock selling 
polic i e s , and o ther decisions that r e l a t e d  to feed management such a s  
the app licat ion o f  ure a . 

An information system wa s se t -up t o  monitor data that wa s 
perc eived to  be u s eful for managing t he s y s t em .  This data inc luded -

Stock livewei ght s 
Pa sture c over 
Pasture growth r a t e s  
Pasture c ompo sition 
Woo l  weight s 
Stock l o s s e s  
Lambing percentage 
C limatic data 
Soil fertility data  

A t e chnician a s s i s t ed with the  c o l le c t i on o f  this  data . Pasture  
and c l imatic  data  was  c ollec ted on a f o r t nightly basis . Livewei ght 
dat a wa s c o l l e c t ed monthly , and a nima l product ion data  as it  o c curred . 
Over t ime a d a t a  base  wa s bui l t -up that c o u l d  be used t o  analyse 
a l t ernat ive sys t ems , a s  wel l  a s  for d ay t o  d ay management purpo s e s . 

1 . 2 . 3  The Need For a Revised Farming System.  

Evaluation o f  t he data c ol l e c t ed at  Tuapaka f rom t he t ime that the 
a l l - sheep policy was implemented , reinforc e d  the impr e s sion t hat t he 
contro l o f  t he s pring f lush i s  c entr a l  t o  a chieving hi gh leve l s  o f  
product ivity from h i l l  c ountry . The problem wa s t o  d e s i gn a system 
that c ould  achi eve t hi s . 
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From a knowl edge o f  the pat tern o f  f eed requirement s ,  and a l s o  
from observat ion o f  other hill c ountry propert ies , i t  was hypothesi s ed 
that the feed demand pr o f i le of a l ow stoc king rat e ,  highly f ecund 
f lock ( 1 3 0% l ambing ) would better mat c h  the feed supply , than a l ower 
performance f lock ( l OO% l ambing ) run at a higher stocking rate 
( de scribed in the previous sec t i o n ). 

The ba s i s  for this hypo the s i s  wa s that the winter requirement s 
for a twin rearing ewe were only 1 8% higher than that for a single 
rearing ewe , but 44% higher during the spring ( lacta t i on )  ( Mi l ligan , 
1 98 1 ) .  To prove this hypothesis an analys i s  that c ompared the pre s ent 
system wi th a hi ghly fecund flock run at a lower stocking rate  wa s 
required. The ana lysis  would ne ed t o  take into account not only the 
physical output from each system , but also the fi nanc ial  ret urns. Thi s 
is described in detail  in the next Chapt er. 

1 . 2 . 4 Objec t ives o f  the Study. 

The obj e ctive s o f  this study are two f o ld : 

l )  To test the hypo thesis that a high perf ormanc e f lock ha s a 
feed requirement pattern tha t better mat che s the patt ern o f  
pa sture growth at Tuapaka than a low performanc e flock,  and 
that the hi gh perf ormanc e  f l ock wi l l  a l s o  be more prof i t able. 

2 )  To investi gate di fferent methods of desi gni ng f arm syst ems 
u sing mode l ling . Quanti fying the e f f ectivene s s  of s impl e  
ver sus c omplex approaches wa s of particu lar int erest. 

1 . 3  The s i s  Out line . 

I n  Chapter Two the basic a s sumpt ions f or the hi gh and low 
perf ormanc e f locks are out lined . The Chapter inc lude s a d e sc r iption o f  
the c onstruction o f  the s imple feed budget and financ ial  mo dels  u s ed 
to compare the two f locks . Re sults from these models are presented and 
discu s s ed , and limit a t ions of the feed budget ing technique are 
ident i fied . 

The se limi t ati ons are di scu s s ed in Chapter Three . McCall ' s  ( 1 9 84 ) 
hi l l  c ountry grazing mo d e l  i s  a l s o  d e sc ribed and problems in u s i ng 
this model in i t s  c urrent form are di scuss ed . 

The construction o f  several s imu lation sub-mode l s  based on 
Mc Call ' s  mod e l  for the c omparison of the f eed budget ing t e chnique wi th 
the more c omplex s imu l a t i on mod e l s  is desc r ibed in Chapter Four. 

In Chapter Five results  from two of these sub-mo d e l s  are 
pres ent ed . The woo l  s imu l at ion model i s  used to  gener ate wool 
production for  t he range of st ock c l a s s e s  in the hi gh and l ow 
performanc e f locks . The s e  simu l a t ed l eve l s  o f  woo l  produc tion are t hen 
c ompared wi t h  those a s s umed for the simpl e  feed budget ing approach in 
Chapter Two. In the second part of Chapt e r  Five the mod e l  t hat  
simu l a t e s  a mob of s ingl e  rearing ewe s on pasture over t he period o f  
l a c t a t i o n  i s  used t o  ana lyse t h e  e f f e c t  o f  stocking rate  and pasture 
c over a t  l ambing on the performanc e of the sys t em and thi s i s  c ompared 
to  out put from the s impl e  feed budge t  ana lys i s . 
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I n  Chapter Six the methodology u sed i n  t hi s  s tudy i s  evaluat ed , 
the c onc lusions drawn from the s tudy are discus sed , and areas  for � 

further r e s e arch are ident i f ie d .  
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Chapter Two 

Feed Budget Ana lys i s . 

2 . 0  Chapter Out line . 

I n  this chapter t he construction of  the f eed budg e t  model i s  
outlined . First , the pas ture and anima l c omponent s o f  t he model are 
des cribed . The l eve l s  of physi c a l  pr oduc tion  and cost s and pri c e s  u s ed 
in the financ i a l  model are then out lined . I n  the final s e c t i on t he 
re sult s obt ained f rom the model are presented and di s c u s sed , and t he 
over all  conclusi ons drawn from this analy s i s  are summari sed . 

2 . 1  I ntrodu c t i o n .  

Feed budg e t i ng h a s  tradit ionally been u s ed to design pastoral 
farming syst ems and compare alter na t ive f arming syst ems . A wide range 
of  d i f f erent farming problems have been s t udied using this appro ach . 
For example , rec ent work using feed budge t i ng t echni qu e s  has i nc luded 
analysis  o f  she ep syst ems (Walker, 1 984 ; Hall , 1 9 86 ) , bu l l  beef 
( J ourne aux , 1 9 8 6 ) , goa t s  ( Gray et  al , 1 9 8 6 ) ,  deer ( Greens il l ,  1 9 84 ) ,  
and dairy c a t t l e  ( Lockhart , 1 98 6 ) .  The ba s i s  o f  f eed budget ing i s  t o  
ma tch feed supply with feed demand t hrough time ( Frengley , 1 9 74 ) . 

I n  pastoral s ituations f e ed supply i s  based primarily on pasture 
growt h .  Forage crops , c o nserved feed such a s  hay and s i lage , and 
nitrogen boo s t e d  pa sture growt h are secondary sources . Other sour c e s  
of  f e e d  under New Zealand conditio ns may a l s o inc lude grain and f e e d  
concentrat e s . Feed demand is a function o f  the number o f  anima l s  
pre sent a t  any one t ime , and the feed requirement s o f  those anima l s . 
The latter are d ependent on the anima l s  a g e , livewei ght , phys i o l o g i c a l  
stat us , and rate  o f  livewe ight gain ( U l lya t t  et  al , 1 9 80 ) . 

The third c omponent o f  the fe ed budg e t  i s  pasture cover . P a s t ure 
c over is a mea sure of the amount of  feed on a farm a t  a point in t ime 
and in s impl e  t erms ref lects  the balance between feed supply and f eed 
d emand . Thu s , if f eed supply exc eeds f e ed demand , pasture cover 
increa s e s .  The converse applie s for declining pasture cover . 

Feed budg e t ing in the cont ext o f  this study involves the 
derivation of a f e e d  s upply pro f ile t hrough t ime ( from pasture growt h 
rate dat a ) , and the de sign of a l t ernat ive sheep sys t em s  which generate 
ma tching feed  demand prof i les . The compat i bi lity of a par t i c u l ar sheep 
system wi th t he pattern o f  pasture produc t i on is determi ned by 
c omparing t he f e e d  supply and f eed demand pro f i les . 

I t  wa s decided  t o  u s e  spreadsheet t e c hnology ( r a ther t ha n  t he 
more tradit i onal programming me thods ) for the construc t ion o f  a f e e d  
budget ing model  t o  analyse alternat ive sheep system s . The spr e adsheet 
o f f ered a number of  advant ages over f ixed programs . A s preadsheet i s  
more f lexible , e a sy t o  use , can be made pr oblem spec i f ic and i s  e a s i l y  
a l t ered . In add i t i on ,  spreadsheet programming c a n  be m a s t ered in a 
mat ter o f  hour s u s ing a tutorial program . This was a n  import ant 
c onsiderat ion , because t he author had no previous c omput er progr amming 
experience - the adop t i on of this techno l o gy overc ame this constrai nt 
and avoided the need t o  work t hrough an intermediary c omputer 
programmer . The MULTIPLAN spread sheet program ( 2 55 r ows by 63 c o lumns )  
developed by Mi c r o s o f t  C orporat ion wa s u s e d  in the s t udy . 
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2 . 2  Tuapaka Feed Supply. 

The t opography of the Tuapaka h i l l  unit precludes the 
cons ervation of  hay or s i lage and the feeding out of suppl ement ary 
feed s . As s uch t he main source of feed  i s  pa sture g rown in s i t u . 
Nitrogen boo s t ed pasture growth provides a secondary s our c e . However , 
for the purpose of  thi s  st udy nitrogen u sage has been exc luded because 
at c urrent pri c e s  ( 1 9 86 ) for she ep produc t s ,  nitrogen i s  g enerally not 
economi c on hil l  c ountry ( J ourneaux , 1 9 8 7 ) . 

P a s ture growth rates at Tuapaka were collected cons i s t ent ly from 
1 9 8 3 . Average mo nthly pasture growth r a t e s  derived f rom these data for 
the period 1 98 3  to 1 98 5 , are pr e sent ed in Table 2 . 1 .  The s e  formed the 
bas i s  of the feed supply component of  the mode l .  

Table 2 . 1  Average Monthly P a s t ure Growth Ra t e s  for the Tuapaka 
Hi l l  Uni t . 

P asture Growth Rate 
Month kg DM/ HA/DAY 

J anuary 2 0  
F ebruary 1 6  
March 2 2  
Apr i l  1 6  
May 1 2  
J une 8 
J u ly 1 0  
August 1 3  
Sept ember 1 7  
O c t ober 2 8  
November 4 3  
December 3 1  

2 . 2 . 1  Pasture Quality. 

F e ed budg e t s  genera l ly use kilograms of  dry mat t er ( kg DM) a s  the 
uni t s  of feed  supply . Animal requ irements were defined in t he f eed 
t able s pre sented by Ullyatt et  a l  ( 1 980 ) i n  uni t s  of energy i . e .  
megaj o u l e s  of  me t aboli sable energy ( MJME ) . Energy ( MJME ) wil l  
therefore  b e  u s e d  a s  the primary unit i n  c a lculations , but wi l l  be  
convert ed t o  st andard uni t s  of  dry ma t t er by dividing by t he past ure 
qua l i t y  ( MJME / kg DM) in any given period when pre sent i ng result s .  

I n  his s t udy of  alt ernat ive hogget f a t t ening po l i c i e s  Walker 
( 1 9 84 ) derived a set of  pas ture quality values for hil l  country 
pastures  ( Table 2 . 2 )  based on data  publi shed by Ullyatt  e t  a l ( 1 9 80 ) . 
The se are  u s e d  t o  c alculate  t he metabo l i s able energy cont ent o f  
pasture grown on a monthly ba sis  t hroughout the year . 
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Table  2 . 2  Average Monthly Pasture Qu ality Values for Hi l l  C ount ry .  
( S our c e : Walker, 1 9 84 ) 

P asture Quality 
Month MJME / kg/DM 

J anuary 1 0 . 3  
February 9 . 3  
March 1 0 . 0  
April  1 0 . 8  
May 1 0 . 8  
June 1 1 . 0  
July 1 1 . 2  
August 1 1 . 2  
S e p t ember 1 1 . 3  
O c tober 1 1 . 0  
November 1 1 . 0  
Dec ember 1 1 . 0  

2 . 3  Feed Demand . 

Wa lker ( 1 984 ) , a f t er reviewing the numerous sets o f  f eed tables 
that are avai lable , decided to  use thos e published by Ullyatt et a l  
( 1 9 80 ) . The same tables were considered to  b e  s a t isfac t ory f or t his 
study . 

2 . 3 . 1  Ewe Feed Requirements . 

The derivation o f  the f eed requir ements f or the two f locks under 
s t udy required inf ormatio n on the fecundi ty of  the f lock.  To est i ma t e  
the f e e d  requir ements o f  t he total f l ock , f eed requir ements had t o  b e  
derived f o r  each ewe c a t e g ory dur ing pr egnancy and l a c t a t i o n .  There 
are four basic c a t e gories into which a ewe could fa l l ; barren , single 
bearing , twi n bearing , and triplet bearing . However the number of  
c a t e gories mu lti ply further once these ewes have lambed into barr en ,  
single  bearing ewes rearing 0 or 1 lamb , twin bearing ewes rearing 
0 , 1 ,  or 2 lambs , and triplet be ar ing ewes rearing 0 , 1 , 2 ,  or 3 l ambs . 

B lair ( 1 985 ) determined the propor t i on o f  barr e n ,  s ingl e  
bearing , twin bearing and triplet bearing ewes t hat would b e  exp e c t e d  
t o  o c c ur i n  f l ocks over a range of  performanc e l evels , and provided 
inf orma t ion on the proport ion of ewes that wou ld rear 0 , 1 , 2 , and 3 
l ambs . This data was used to construc t the f er t i lity c ompos i t ion o f  
the f locks studied ( Table 2 . 3 ) .  
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The Pregnancy and Lactat ion Status  o f  Ewe s Within Flocks 
Achieving lOO% Lambing and 1 3 2 %  L ambing . � 

( S ourc e :  B lair , 1 9 8 5 )  

Flock Performanc e 

1 00% Lamb ing 1 3 2 %  Lambing 
Pregnancy S t a t u s  ( %  Ewe s ) ( %  Ewe s )  

B arren 7 7 
S ingle Bearing 56 1 8  
Twin Be aring 3 7  55 
Triplet Bearing 0 1 9  

Rearing Rank 

1 / 0 8 3 
1 / 1  4 4  1 4  

2 / 0 3 5 
2 / 1  8 1 1  
2 / 2  2 4  3 7  

3 /0 0 2 
3 / 1  0 3 
3 / 2 0 6 
3 / 3 0 6 

Thr ee basic livewe ight pro f i l e s  were deve loped t o  represent , a 
s ing l e  rear ing ewe , a twin rearing ewe , and a t r i p l e t  rearing ewe 
( Table 2 . 4 ) . The s ing l e  rearing ewe wa s a s sumed t o  have a basal pre
f lu s hing l iveweight o f  50  kg . The twin and tri p l e t  r earing ewe s were 
a s sumed to have a pr e- f lushing livewei ght o f  60 kg and 65 kg , 
r e s p e c t ively . 

D a t a  f r om U l lya t t  e t  a l  ( 1 980 ) desc ribed the f e e d  requ irement s of  the 
50 kg s i ng l e  and 60 kg twin r earing ewe s ,  but not for triplet r earing 
ewe f e e d  requir ement s .  A l iveweight pro f i l e  wa s therefore synthe s i s e d  
f o r  a 6 5  k g  triplet rear ing ewe and f eed r e quirement s were 
ext rapo l a t e d  from the data provided by Ul lyatt e t  a l  ( 1 9 80 ) . 
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Tabl e  2 . 4  The Livewe ight Prof i l e s  for Single , Twin a nd Triplet :-

Rearing Ewe s ( kg ) . * * 

Date  S ing le Rearing Ewe Twin Rearing Ewe Triplet  Rearing 
( kg)  ( kg) ( kg) 

1 s t J anuary 4 9 . 6  5 9 . 6  6 4 . 6  
l Ot h  January 50 . 0  6 0 . 0  6 5 . 0  
3 1 s t J anuary 50 . 0  6 0 . 0  6 5 . 0  
2 8 t h  February 50 . 0  6 0 . 0  6 5 . 0  
l O t h  March 50 . 0  6 0 . 0  6 5 . 0  
3 1 s t March 52 . 0  6 2 . 0  6 7 . 0  
30th  April  5 5 . 0  6 5 . 0  7 0 . 0  
3 1 s t May 5 5 . 0  6 5 . 0  7 0 . 0  
3 0 t h  June 5 5 . 0  6 5 . 0  7 0 . 0  
3 1 s t J u ly 5 5 . 0  6 5 . 5  7 0 . 5  
3 1 s t August 5 8 . 5  7 4 . 2  80 . 0  
1 s t Sept ember 50 . 0  6 0 . 0  6 5 . 0  
2 2 nd S e ptember 50 . 0  6 0 . 0  6 5 . 0  
3 0 t h  September 50 . 5  6 0 . 5  6 5 . 5  
3 1 s t O c t ober 5 1 . 7  6 1 . 7  6 6 . 7  
l O t h  November 52 . 0  62 . 0  6 7 . 0  
1 1 t h  November 4 7 . 5  5 7 . 5  6 2 . 5  
3 0 t h  November 48 . 4  5 8 . 4  6 3 . 4  
3 1 s t Dec ember 4 9 . 6  5 9 . 6  6 4 . 6  

* *  The se values inc lude the weight o f  wool grown betwe en shearings on 
l l t h  November . 

A 4 . 5  and 5 . 0  kg birthwe ight f or twin and s i ngl e  lamb s 
respect i ve ly wa s assumed . The birthwe i ght o f  triplet l ambs wa s t aken 
as 3 . 0 kg . U l lyat t  et al ' s  data a s sumed that both single and twi n 
lamb s achieved livewe ight gains o f  2 0 0  gm/ DAY from b i r t h  t o  weaning . 

The ewe s were f lu shed over t he period l O t h  March t o  3 0 t h  April . 
Mat ing c ommenced on the 5th  Apri l .  Thi s gave a 1 s t Sept ember l ambing 
dat e .  The ewes were shorn on the l O t h  November and we aned at  t he end 
o f  Dec ember . Half monthly f eed requirement s were selec t e d  t o  a llow the 
ewe s to  maint ain body weight ( le s s  f l e e c ewei ght chang e s , and the 
weight of concep�us over pregnancy )  at about the leve l s e t  as t he pre
f lu shing basal liveweight . 

A f urther set  o f  feed requiremen t s  wa s derived f or ewe s t hat l o s t  
lamb s a f t er parturit ion i . e .  a t win bearing ewe that r e a r s  a single 
lamb ( Table 2 . 5 ) .  

Ewe 
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B y  combining thi s information , i t  wa s now pos sible using Blair ' s  
( 1 9 85 ) data f or t he proport ion o f  ewe s bearing 0 , 1 , 2 ,  or 3 l ambs and 
the proportion o f  ewes rearing 0 , 1 , 2 ,  or 3 lambs ( Table 2 . 3 )  t o  
synthe s i s e  average ha l f  monthly ewe f e e d  requirement s for bo t h  the 
1 00 %  l ambing and the 1 32 %  lambing f lo c k s . 

This data a s s umed that all  t he ewe s l ambed on 1 st Septem ber , and 
in order to acc ount for a normal l ambing , data derived by Walker 
( 1 9 84 ) ( Table 2 . 6 )  was used t o  s pread the ewe f lock feed r equirement s 
so that i t  better  repre sented reality . 

Table 2 . 5  The Average Feed Requireme n t s  for Ewe s o f  Di f f erent 
Bearing Rank/Rearing Rank ( MJME / EWE / DAY ) 

Ha l f  Monthly Bearing Ra nk/Rea ring Rank 
Period 1 / 1  2 / 1  2 / 2  3 / 1  3 / 2  3 / 3  

Jan 1 1 2 . 7  1 4 . 7  1 4 . 7  1 5 . 5  1 5 . 5  1 5 . 5  
J an 2 1 0 . 3  l l . 9 1 1 .  9 1 2 . 6  1 2 . 6  1 2 . 6  
Feb 1 1 0 . 3  1 1 . 9  1 1 . 9  1 2 . 6  1 2 . 6  1 2 . 6  
F eb 2 1 0 . 3  1 1 . 9  1 1 . 9  1 2 . 6  1 2 . 6  1 2 . 6  
Mar 1 1 2 . 3  1 4 . 2  1 4 . 2  1 5 . 1  1 5 . 1  1 5 . 1  
Mar 2 1 6 . 6  1 9 . 0  1 9 . 0  2 0 . 0  2 0 . 0  2 0 . 0  
Apr 1 1 7 . 0  1 9 . 3  1 9 . 3  2 0 . 3  2 0 . 3  2 0 . 3  
Apr 2 1 7 . 5  1 9 . 6  1 9 . 6  2 0 . 6  2 0 . 6  2 0 . 6  
May 1 1 1 . 1  1 2 . 6  1 2 . 6  1 3 . 3  1 3 . 3  1 3 . 3  
May 2 1 1 . 1  1 2 . 6  1 2 . 6  1 3 . 3  l 3 .  3 1 3 . 3  
Jun 1 1 1 . 1  1 2 . 6  1 2 . 6  1 3 . 3  1 3 . 3  1 3 . 3  
J un 2 1 1 . 1  1 2 . 6  1 2 . 6  1 3 . 3  1 3 . 3  1 3 . 3  
Jul  1 1 1 . 1  1 2 . 8  1 2 . 8  1 4 . 4  1 4 . 4  1 4 . 4 .  
Jul  2 1 1 . 4 1 3 . 8  1 3 . 8  1 6 . 5  1 6 . 5  1 6 . 5  
Aug 1 1 3 . 0  1 7 . 1  1 7 . 1  1 9 . 0  1 9 . 0  1 9 . 0  
Au g 2 1 6 . 0  2 1 . 5  2 1 . 5  2 3 . 3  2 3 . 3  2 3 . 3  
Sep 1 1 9 . 4  2 0 . 7  2 7 . 7  2 1 . 0  2 7 . 7  3 2 . 1  
Sep 2 2 0 . 5  2 1 . 6  2 9 . 6  2 1 . 9  2 9 . 6  3 4 . 1  
O c t  1 2 3 . 9  2 5 . 6  4 3 . 2  2 6 . 0  3 4 . 3  3 9 . 0  
O c t  2 2 4 . 8  2 6 . 6  3 5 . 8  2 7 . 0  3 5 . 8  4 1 . 0  
Nov 1 2 5 . 6  2 7 . 5  3 7 . 0  2 7 . 9  3 7 . 0  4 2 . 8  
Nov 2 2 6 . 3  2 8 . 3  3 8 . 2  2 8 . 7  3 8 . 3  4 3 . 8  
Dec 1 2 7 . 0  2 8 . 9  3 9 . 5  2 9 . 3  3 9 . 5  4 5 . 8  
Dec 2 2 7 . 8  2 9 . 7  4 0 . 6  2 9 . 6  40 . 5  4 7 . 4  
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Table 2 . 6  The Lambing Spread for a Hill  Country Ewe Flock . 
( Sourc e :  Walke r ,  1 9 84 ) 

Week of  Perc ent age o f  
Lambing Ewe s Lambing 

1 2 2 . 0  
2 40 . 0  
3 1 8 . 0  
4 6 . 0  
5 4 . 0  
6 4 . 0  
7 6 . 0 

2 . 3 . 2  Replac ement Ewe Hogge t Feed Requirement s .  

The deriva t i on o f  feed requirement s for the replac eme nt ewe 
hoggets  wa s based on the assumpt ion that the 1 00% f lock repla c ement s 
would reach a ba s a l  pre - f lushing two t ooth li veweight o f  50 kg, whi l e  
those o f  the 1 3 2%  flock wou ld reach 6 0  k g  at  the same a g e  ( Table 2 . 7 ) . 
The liveweight gain pro f i l e s  were ba sed  on those given by the Mi ni s t r y  
of Agri culture and F i sheries ( M . A . F . ) ( 1 9 83 ) .  

Table 2 . 7  The Livewei ght Prof i l e s  o f  Repl acement Ewe Lamb s for t he 
1 00% and 1 3 2 %  F locks . * * 

Date 1 00% Flock 
( kg) 

1 s t J anuary 24 . 0  
1 5 th J anu ary 2 5 . 0  
1 6 th J anuary 24 . 0  
3 1 s t January 2 5 . 0  
2 8 th February 2 6 . 9  
3 1 s t March 2 8 . 9  
3 0 th April  30 . 8  
3 1 s t May 32 . 9  
3 0 th J une 3 3 . 8  
3 1 s t July 34 . 7  
3 1 st August 36 . 9  
3 0th Sept ember 3 9 . 9  

1 st Oc tober 3 7 . 1  
3 1 st O c t ober 4 1 . 4  
3 0th November 45 . 6  
3 1 s t December 5 0 . 0  
3 1 s t J anuary 5 1 . 1  
2 8th February 5 2 . 0  

1 st March 5 0 . 0  

* * Shearing dat e s : Lambs 
Hogg e t s  

Replacement 1 3 2%  Flock Replac ement 
( kg) 

2 2 . 4  
2 3 . 9  
2 3 . 1  
24 . 7  
2 7 . 7  
3 1 . 3  
34 . 8  
3 8 . 5  
3 9 . 5  
40 . 5  
4 3 . 0  
46 . 5  
43 . 2  
48 . 7  
54 . 0  
5 9 . 5  
6 0 . 7  
62 . 5  
60 . 0  

- 1 5 th January 
- 3 0 t h  S ept ember 

Two too t hs - 2 8th February 



Tabl e 2 . 8  The Lamb Livewei ght Compo sit ion of  the 1 00% and the 1 3 2%  
Flock at Weaning ( kg ) . * *  

1 00% Flock 

Mid Lambing Date 7 / 9  2 2 / 9  
mean age ( days ) ( l l 5 )  ( l OO ) 

Lamb birth rank/ 
rearing rank 

2 / 2  2 5 . 2  ( 1 4 . 9 )  2 2 . 5  ( 5 . 8 )  
2 / l 2 7 . 5  ( 5 . 0 ) 2 4 . 5  ( 1 . 9 )  

1 / 1  28 . 0  ( 2 7 . 3 )  2 5 . 0 ( 1 0 . 6 )  

1 3 2 %  Flock 

Mid Lambing Date 7 / 9  2 2 / 9  
mean age ( days ) ( l l 5 )  ( l O O )  

Lamb birth rank/ 
rearing rank 

3 / 3  2 0 . 3  ( 3 . 7 ) 1 8 . 0  ( 1 . 4 )  
3 / 2  2 3 . 7  ( 3 . 7 ) 2 1 . 0  ( 1 . 4 )  
3 / 1  2 6 . 0  ( 1 . 8 )  2 3 . 0  ( 0 . 7 )  

2 / 2  2 5 . 2  ( 2 2 . 9 ) 2 2 . 5  ( 8 . 9 )  
2 I 1 2 7 . 5  ( 6 . 8 )  2 4 . 5  ( 2 . 6 )  

1 / 1  2 8 . 0  ( 8 . 7 )  2 5 . 0  ( 3 . 4 )  

7 / 1 0 
( 8 5 )  

1 9 . 8  ( 1 . 9 )  
2 1 . 5  ( 0 . 6 )  

2 2 . 0  ( 3 . 5 )  

7 / 1 0 
( 8 5 )  

1 5 . 8  ( 0 . 5 )  
1 8 . 3  ( 0 . 5 )  
2 0 . 0  ( 0 . 3 )  

1 9 . 8  ( 2 . 9 ) 
2 1 . 5  ( 0 . 9 )  

2 2 . 0  ( 1 . 1 )  

-- ------- ----

2 1 / 1 0 
( 7 1 )  

1 7 . 3  ( 1 . 4 )  
1 8 . 7  ( 0 . 5 )  

1 9 . 2  ( 2 . 6 )  
Flock Mean 

2 1 / 1 0 
( 7 1 )  

1 3 . 7  ( 0 . 4 )  
1 5 . 8  ( 0 . 4 )  
1 7 . 2  ( 0 . 2 )  

1 7 . 3  ( 2 . 3 ) 
1 8 . 7  ( 0 .  7 )  

1 9 . 2  ( 0 . 8 ) 
Flock Mean 

Mean Weaning 
Weight kg 

2 3 . 7  
2 5 . 8  

2 6 . 3  
2 5 . 0  

Me an Weaning 
Weight kg 

1 8 . 9  
2 2 . 4  
2 4 . 1  

2 3 . 7  
2 5 . 8  

2 6 . 3  
2 3 . 4  

* * Note : The bracke t ed f i gure s are the percentage o f  lambs in that cat egory . 

l' 

I 
N 
0 
I 
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Average lamb weaning weigh t s  f o r  each f l o c k  were based o n  t he 
propor tion o f  sing l e , twin and triplet  lambs in the f lock , their � 

r ear ing rank and henc e t heir rate o f  liveweight gain to  weaning , and 
t he spread o f  lambing ( Table 2 . 8 ) .  Ram lamb s wer e  assumed t o  wean 2 . 0  
kg heavier t han ewe l ambs ( Rende l l , pers c omm) . T o  simplify t he 
analysis , average l ivewe ight s  were u sed rather t han a d i s t r ibution o f  
liveweights about t he me an a s  i n  Garrick e t  a l  ( 1 9 86 ) . 

The dai ly energy re quirement s f or t he replacement s t ock 
( MJME / DAY ) - derived f r om Towns ley ' s  ( 1 986 ) equation - are summari s ed 
in Table 2 . 9 .  

Table 2 . 9  The Average Feed Requirement s f o r  t he Replac ement S t o c k  
from the 1 00 %  and 1 3 2% Lambing Flocks . 

Half Monthly 1 00% Flock Replac ement 1 3 2%  Flock Replacement 
Period ( MJME/HD/DAY ) ( MJME/HD/DAY ) 

1 s t J anuary 9 . 2  1 0 . 1  
2nd Janu ary 9 . 4  1 0 . 6  
1 st February 9 . 6  1 1 . 0 
2 nd February 9 . 9  1 1 . 4  
1 s t March 1 0 . 1 1 2 . 6  
2nd March 1 0 . 4  1 3 . 2  
1 s t April 1 0 . 6  1 3 . 8  
2 nd April  1 0 . 9  1 4 . 3  
1 s t May 1 1 . 2  1 4 . 9  
2nd May 1 1 . 4  1 5 . 5  
1 s t June 9 . 8  1 1 . 1  
2nd June 9 . 9  1 1 . 2  
1 s t July 1 0 . 0  1 1 . 3  
2nd July 1 0 . 1  1 1 . 4  
1 s t Augu st 1 2 . 4  1 4 . 5  
2nd Augu st 1 2 . 7  1 4 . 8  
1 s t Sept ember 1 4 . 7  1 7 . 6  
2nd Sept ember 1 5 . 2  1 8 . 2  
1 s t Oc tober 1 7 .  1 2 1 . 6  
2 nd Oc tober 1 7 . 9  2 2 . 7  
1 st November 1 8 . 6  2 3 . 9  
2nd November 1 9 . 4  2 5 . 1  
1 st Dec ember 20 . 2  2 6 . 3  
2 nd December 2 1 . 2  2 7 . 6  
1 st January 1 3 . 9  1 8 .  1 
2 nd January 1 4 . 1  1 8 . 4  
1 s t February 1 4 . 2  1 8 . 6  
2 nd February 1 4 . 3  1 8 . 9  
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2 . 3 . 3 .  Sale Lamb F e e d  Requirement s .  

Lambs surplus to  r equirements for  replac ement s tock were retained 
on the farm, provided the feed supply a l l owed , unti l  mid- J une and mid
July for ewe and ram l ambs re spec t i ve l y ,  and t hen s laught ered . Ram 
lambs were grown at 1 00 gm/ DAY and the ewe lambs at 9 0  gm/ DAY from 
weaning unt i l  s laughter . The liveweight of  the s e  l ambs at weaning wa s 
the same a s  those shown in Table 2 . 8  . Average l iveweight s ,  rather 
than a d i s t r ibution of liveweight s about the mean and daily energy 
requirement s ( MJME / DAY ) based on Townsley ' s equ a t ion ( 1 986 ) were u s ed 
a s  for f lock replacement s ( Table 2 . 1 0 ) . Ewe lambs wer e  s laught ered 
earlier at  lighter weight s to avoid c a r c a s s e s  grading overfat ( Kirton 
e t  al , 1 9 84 ) . 

Table 2 . 1 0 The Average Feed Requirement s for Non-replac ement Lamb s  
from the 1 00% and 1 3 2 %  Lambing Flo cks . 

Half  Monthly 1 00% Flock Lambs 1 3 2 %  Flock Lambs 
Period ( MJME / HD / DAY ) ( MJME /HD / DAY ) 

Ewe Ram Ewe Ram 

1 st January 1 0 . 2  1 1 . 0  1 0 . 0  1 1 . 0  
2 nd January 1 0 . 6  1 1 . 5  1 0 . 4  1 1 . 4  
1 s t February 1 1 . 0  1 1 . 9  1 0 . 5  1 1 . 6  
2 nd February 1 1 . 4  1 2 . 3  1 0 . 8  1 2 . 0  
1 st March 1 1 . 7  1 2 . 7  1 1 . 2 1 2 . 4  
2 nd March 1 2 . 1  1 3 . 2  1 1 . 6  1 2 . 9  
1 st April 1 2 . 5  1 3 . 7  1 2 . 0  1 3 . 3  
2 nd April  1 2 . 9  1 4 . 1 1 2 . 3  1 3 . 8  
1 st May 1 3 . 3  1 4 . 6  1 2 . 7  1 4 . 2  
2 nd May 1 3 . 7  1 5 . 1  1 3 . 1  1 4 . 7  
1 s t June 1 4 . 1  1 5 . 5  1 3 . 5  1 5 . 2  
2 nd June 1 4 . 5  1 6 . 0  1 3 . 9  1 5 . 7  
1 st J u ly 1 6 . 5  1 6 . 2  

2 . 4  Stock Number s . 

I nforma t i on on stock numbers t hr ou ghout t he year wer e  required to  
c a l c u l a t e  the feed demand ( number o f  anima l s  * f eed r equir ement s )  for 
the property a t  any one point in t ime . The ensuing inf orma t i on 
d e sc r ib e s  s t ock los se s ,  s t o c k  s a le s , s t o c k  purchase s and replacement 
rat e s . 
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2 . 4 . 1  Stock Losses . 

S t ock losses were divided into three cat egori e s ; ewe s ,  
replac em ent s t ock and sale lamb s .  Ewe losses  are a s sumed t o  be 6 %  o f  
ewe s wi ntered ( Blair , 1 98 5 ) f or both f l ocks . Howeve r ,  f or t he 1 00% 
f loc k 4% of ewes wintered are l o s t  pre-partum and 2% p o s t - partum 
c ompared t o  the 1 3 2%  f lock where 5 %  are l o s t  pre-part um and 1 %  post
par tum . I t  wa s as sumed that  one third of  pre-par tum ewe l o s s e s  occ urred 
2 -4 we eks prior t o  lambing and two thirds in the final two weeks prior 
t o  lambing . Post -partum losses  were assumed to  occur in t he first  
month o f  lac t ation,  wi th two thirds o f  the  losses  occurring in the  
f i r s t  two weeks . 

Lamb losses  for both replac ement ewe lambs and s a l e  lambs wer e  at  
t he ra t e  o f  0 . 8% per mo nth . Ove r the period July through to  Dec ember 
replac ement stock losses  were a s sumed at 0 . 2 5% per month .  A further 
0 . 5 %  we re lost up unt il  two tooth mating . 

2 . 4 . 2  Repl ac ement Ra t e . 

A minimum replac eme nt rate  wa s as sumed for each sys t em in order 
t o  a l l ow for a high ratio of  ewes to ewe hogge t s .  The reason for t h i s  
i s  t h a t  it allows a higher level o f  f eed d emand to  be achieved 
( through the large change in ewe f eed requirements f o l lowing l amb ing ) 
during t he spring period thereby providing bet t er spri ng pasture 
c ontro l .  The number of ewe hoggets  wintered were therefore j u s t  
suf f ic ient to  replac e  ewe lo sses  and the sale o f  c u l l  o f  ewe s . Thu s ,  
the 1 00 %  f lock required a 24% replac ement rate compared t o  2 3 %  for t he 
1 3 2 %  f lock . The number of  ewe hogge t s  wintered a l so acc ount ed for t he 
2 %  hog get death rate up unt i l  two t ooth ma ti ng . 

2 . 4 . 3 .  Stock Sales and Purc ha se s .  

The only capital s t ock s o ld wer e cull ewe s .  The c u l l s  from t he 
1 00% f lock consisted  of  7% barren ewe s and 1 1 % wet dry ewe s , c ompared 
to 7 %  barren and 10% wet dry ewes in t he 1 3 2 %  f lock .  It wa s a s sumed 
t hat  all barren ewe s were sold at t he start o f  July a f t er pregnancy 
diagno si s . One t hird of  the  we t dry ewe s were sold by the end of  
September , and the remainder were sold at weaning ( Dec ember 3 1 s t ) . Lamb 
s a l e s  were dependent on the f e ed situation as described in Sec t ion 
2 .  3 .  3 .  

The sheep sys t em wa s desi gned to  be self- sustaini ng , wi t h  no 
s t ock exc ept rams bought onto the property .  The rams are not inc luded 
in the f e ed budget analys i s  to simplify c a lculations , and bec ause 
their f eed requirement s are s imi lar for both f l ocks . 

2 . 4 . 4  Stock Number C alc ulat i ons . 

Rather t han c hanging the numbers in individual anim a l  c la s s e s , 
the mod e l  wa s set-up s o  that t he mid-wi nter ( June ) s t ocking rate  
( S . U . / HA)  c ould be entered a s  a s ingle f i gur e .  U sing t hi s  mid-winter 
s t ocki ng rate , the model c a lc u lated  t he re spec t ive number o f  ewe s ,  and 
replac ement s t oc k .  From t hi s ,  the subsequent number o f  ewe s and 
replac ement s t ock present in eac h  period t hroughout t he year wer e  
c a lc ulated  acc ording t o  the a s sumpt ions desc r ibed i n  S ec t ion 2 . 4 . 
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L amb numbers  a t  weaning were c a l c ulated f rom ewe numbers 
wint ered mul t iplied  by the l ambing percent age . Thi s was t hen split  
into  r ep lac ement lamb s , ( based on the  mid-wint er ewe hogget numbers 

plus  a n  allowance for deaths up unt i l  t he end of  June ) and sale lambs 
( the r emaining lamb s ) .  These groups wer e  split equally into ewe and 
r am l amb s . L amb l o s se s ,  c a lculated by t he model , were deduc t ed f rom 
l amb numbers hal f  monthly . 

L amb sales  were s e t  by entering t he d e sired number of  ewe and ram 
l ambs o n  hand in a ny half monthly per iod . The number of  lambs s o ld , 
wa s t aken a s  the d i f ferenc e  between the l ambs t hat  should have been on 
hand i n  that period ( ba s ed on lamb numbers in the pr evious perio d  l e s s  
l o s s e s ) and the a c t u a l  number o f  lambs o n  hand a s  entered by the 
opera t o r . 

2 . 5  Ana lys i s  o f  Profit ability. 

Although feed budget ana lys i s  is u s e f u l  for ana lysing the 
t e c hnic a l  f e a s ibil i ty of  a pastoral system,  the t rue worth of  an 
opt ion mu st  be mea sured in ec onomic t e rms . To c arry out an economic 
analysi s  of a l terna t ive syst ems , some a s sumptions need to  be mad e  
about t he physical  o u tput from the sys t em ,  the pr ices  received for  
tho se output s and t he costs  involved in generat ing tho se out put s .  
The se a s sump t ions are desc ribed in thi s sec t ion . 

I t  wa s decided t o  u s e  gross margin ana lys i s  t o  compare the 
pr o f i t ability of t he two f locks becau s e  t hey are simi l ar exc ept in t he 
leve l s  of  perf ormance a chieved . The gross  margin of  an enterpr i s e  c an 
be c a l c u lated by the  formu la -

G RO S S  MARG IN = GRO SS REVENUE - VARIABLE COSTS Eqn.  2 . 1  

For the c omparison of  the two flocks , gro s s  revenue inc ludes 
inc ome from wool ,  l amb , and cull  ewe s a l e s . The variable  c o s t s  of the 
ent e rpri se are tho s e  c o s t s  that vary wi th t he l evel of  produc t ion and 
di s appear if the ent erprise i s  discont i nued . The analysis  does no t 
t ake int o account f ixed cost s ,  which are c o s t s  that are incurred 
irr e spe c t ive of  the t ype of  enterpri s e  adopted ( Barnard and Nix , 
1 9 7 9 ) .  The variable c o s t s  in the gro s s  marg i n  ana lysis then,  are 
animal healt h ,  she ar i ng , cart age , and t he purcha se of ram 
replacement s .  

2 . 5 . 1 Inc ome As s umptions . 

Woo l  Produc t i o n  and Income . 

Ther e  i s  very l i t t le data  t hat  r e l a t e s  woo l  produ c t ion t o  feed  
i nt ake . E s t ima t e s  of  woo l  produ c t i on for the var ious s t ock classes  are 
therefore reasonably s ub j e c t ive . L ambs shorn in J anuary were a s sumed 
t o  c li p  1 . 0 kg in the 1 00% f lock c ompared with 0 . 8  kg for the 1 3 2 %  
f lo c k . The 0 . 2  k g  d i f f erent ial allowed for t he higher propor t i on o f  
mul t i pl e  reared lambs i n  the 1 32 %  f lock . S a l e  lambs were as sumed t o  be  
woo l ly if  they were to  be  sold before mid - Fe bruary , but  lambs sold  
after  mid-February were shorn in J anuary and pr oduced t he same clip  as  
t he replacement ewe l amb s . 

. I 
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The pelt wool from t h e  s a l e  lambs wa s not inc orporated in t he 
calculat ion of  t he wo ol c li p ,  but wa s inc luded into the value o f  the 
lamb carcas s .  The pelt wool on the lambs  wa s e s t imated from work by 
Hawker ( 1 9 8 1 ) t hat provided wool growt h rat e s  for lambs f r om J anuary 
through to Sept ember ( Table 2 . 1 1 ) .  It was a s sumed that a l amb had a 
woolpul l of  0 . 2 5 kg post-shearing and t hat this increased a s  a 
func t ion o f  the wool growt h rate over t ime . 

Tab le 2 . 1 1 The Average Monthly Wool Growt h Rat es  for the Sale  Lambs . 
( Sourc e :  Hawker ,  1 9 8 1 )  

Month Average Dai l y  Woo l  Growt h Rat e s  
( gm / DAY ) 

January 1 5 . 0  
February 14 . 9  
March 1 3 . 3  
April  1 2 . 9  
May 1 2 . 1  
June 9 . 6  
July 7 . 0 

The f leecewe i ght s for the ewe hogg e t s  shorn in early O c t ober were 
as sumed t o  be 2 . 8 kg and 3 . 3  kg re spec t ively for the l OO% and t he 1 3 2 %  
f locks . This wa s a l s o  based o n  Hawker ' s  ( 1 9 8 1 ) dat a .  The 0 . 5  kg 
d i f f erence wa s maint ained at two t oo t h  shearing in early March ,  when 
the 1 3 2 %  f lock two t ooths c lipped 2 . 5  kg c ompared wi t h  2 . 0  kg f rom t he 
l OO% flock two tooths . 

Ewe s shorn in early November c l i pped 4 . 5  kg in both f locks . 
Although the 1 3 2 % f l ock ewe s reared a higher proport ion o f  multiple  
lambs ( which would reduce ewe f leecewe ight ) t hey were fed a t  a higher 
leve l t hroughout t he year in order to c ompensate for this f a c t o r . The 
ewe s each c lipped 0 . 2  kg of  crutching s in J uly . 

The pric e s  u s ed in t he calculat i on o f  wool income were obtained 
from Ma s sey University ' s  Keeble She ep Farm for the 1 9 8 5 / 1 9 8 6  c l i p  
( Morris , p e r s  c omm ) . I t  wa s a s sumed t hat 2 0% o f  t he c li p  wou ld be 
c la s sed as oddment s .  A summ ary of t he woo l  c lip of each f lock , wit h  
t he p r i c e  o f  t h e  d i f f erent wool c la s s e s  i s  given in Table 2 . 1 2 . Tot a l  
wool produc tion wa s determined by mu l t iplying the shee p  numbers  
pre sent a t  each s hearing by  the  as sum e d  yield s .  Wool i nc om e  was then 
calculated by mult iplying t he pri c e s  s hown in Table 2 . 1 2 .  
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Tabl e  2 . 1 2 A Summary of the Wo o l  C lip and Price s  for t he lOO% and 
1 32 %  Lambing F locks ( kg ) . 

Woo l  C l i p  Pric e ( c /kg ) lOO% Flock 1 3 2 %  F lock 

Ewe 3 3 0  4 . 5  4 . 5  
Lamb 3 5 0  1 . 0  0 . 8  
Hogget  3 50 2 . 8  3 . 3  
Two tooth 3 3 0  2 . 0  2 . 5  

C ru t c hing 200  0 . 2  0 . 2  

Oddments 2 00 2 0  % of  the above c lip 

I I 

L amb Meat Produc t ion and Inc ome . 

L amb mea t  produ c t ion was d epend e nt on lamb liveweight a t  
slaught er . A s  previou s ly ment ioned ( S e c t i on 2 . 3 . 3 ) ,  s a l e  l ambs were 
as s umed to grow at 90 gm/ DAY and lOO gm/ DAY respective ly f o r  ewe and 
ram lamb s from weaning to  s l aughter . The relationshi p s  d e r ived by 
Kir t on et a l  ( 1 9 84 ) were u s ed to  c a l c u l a t e  the ki l ling- o u t  percentage 
of lambs s l aught ered at  dif ferent age s and to grade each c ar c a s s . The 
fat depth over the twe lfth rib ( G . R . fat  dept h )  wa s c a l c u l a t ed fr om 
relationshi p s  d erived by Shadbol t  et al ( 1 985 ) . 

Table 2 . 1 3 provides a summary of  t he livewei ght pro f i l e s , c ar c a s s  
wei ght s and G . R . fat  d epth me a surement s f o r  the respe c t iv e  l ambs of  
the two f l o c ks . The t able also  inc lud e s  the lamb grade for  each 
car c a s s  weight / f a t  depth c ombination b a sed on t he New Z e a land Mea t  
Board L amb Grading Sys t em ( 1 9 85 ) . 

The lamb grading system i s  based on carc a s s  weight and G . R . fat 
dept h .  The gro s s  price paid per ki l o g r am for the diff erent g r ade s ,  
summari s ed in Table 2 . 1 3 ,  i s  based on t he meat schedu l e  d a t ed 2 8 t h  
April 1 9 86 . A premium i s  paid f o r  t he Alpha gr ad e , l e a n  c a r c a s ses , and 
lean he avy weight carc a s se s . C arcas s e s  with high l eve l s  o f  f a t  c over 
are heavily d i sc ount ed .  

Table 2 . 1 3 a l so shows the chang e s  in carc a s s  wei ght a nd fat  
dept h ,  and the corresponding me at gra d e s  for t he ewe and r am l ambs in 
t he study . This d emonst r a t e s  t ha t  a s  ewe l amb c a rc a s s e s  ac hieve 
we igh t s  above 1 4 . 8  kg they move into the TM gr ade whic h  i s  heavi l y  
discounted due  t o  fat  c over . A simi lar si tuation exi s t s  f o r  r a m  lambs 
at carc a s s  weight s above 1 6 . 5  kg wher e  they move into the PX grade . 
Ki l ling charges  are deducted from the g r o s s  returns on a per  head 
basi s .  Thi s penali s e s  the lighter c a r c a s s e s  as t he c o s t s  are spread 
over l e s s  ki lograms of  c arc a s s . Figure 2 . 1  shows the e f f e c t  o f  carcass  
weight , grading , and  kil ling charges  o n  the  net value o f  a lamb 
carca s s . Thi s d emonstrates  t he large e f f e c t  the grading s y s t em can 
have on returns from lamb s a le s . 



T a b l e  2 .  1 3  

H a l f  Ho n t h l y  
Period 

Ewe Lamb : 
Liveweight 

Carc ass  Wt . 
( kg )  

G . R .  Fat 
Depth ( mm )  

Grading 

Schedule 
Value ( c / kg ) 

Ram Lamb : 
Liveweight 

Carc a s s  Wt . 
( kg )  

G . R .  Fat 
Depth ( mm )  

Grading 

Schedu le 
Value ( c / kg ) 

A S u mm a r y  o f  t he L i vewe i g h t , C a r c a s s  W e i g h t , G . R .  F a t  D e p t h , 
G r ad i ng , a nd S c h e d u l e  o f  t h e  1 00% a nd 1 3 2% Lamb i n g F l o c k s ' 
S a l e  L a m b s . 

1 00% F l o c k  

W e a n i n g  J a n  1 J a n  2 F e b  1 F e b  2 H a r  1 �1a r  2 Apr 1 

2 4 . 0  2 5 . 4  2 6 . 8  2 7 . 1  28 . 3  2 9 .  7 3 1 . 1  32 . 5  

9 . 6  1 0 . 2  1 0 . 9  1 1 . 0 1 1 . 6  1 2 . 2  1 2 . 9  1 3 . 6  

4 5 6 6 7 8 9 1 0  

YL YL Y L  Y L  P L  P L  PM P M  

1 34 1 34 1 34 1 3 4 1 2 2  1 2 2  1 3 3 1 3 3  

2 6 . 0  2 7 . 5  2 9 . 1  2 9 . 5  30 . 9  32 . 4  34 . 0  3 5 . 5  

1 0 . 3  1 1 . 0 1 1 . 7 1 1 . 9  1 2 . 6  1 3 . 3  14 . 0  14 . 8  

2 3 4 4 5 6 6 7 

YL YL YL YL Yl"l n1 YM nt 

1 3 4 1 3 4 1 3 4 1 34 143 1 4 3  1 4 3  1 4 3  

Apr 2 May 1 M a y  2 

3 3 . 8  3 5 . 2  36 . 6  

14 . 2  1 4 . 8  1 5 . 5  

1 1  1 3 1 4  

PM TM TM 

1 3 3 9 1  9 1  

3 7 . 0  3 8 . 5  40 . 1  

1 5 . 5  1 6 . 2  1 6 . 9 ·  

8 9 9 

PM YX YX 

1 3 3  1 3 8 1 3 8  

J u n  1 Jun 2 

3 7 . 9  3 9 . 3  

1 6 . 1  1 6 . 8  

1 5  1 6  

TH TH 

7 5  75  

4 1 . 6  4 3 . 1  

1 7 . 6  1 8 . 3  

1 0  1 1  

PX PX 

1 02 1 02 

Jul 1 

44 . 6  

1 9 . 1  

1 2  

PX 

1 02 

' 

I 

i 
' ' 
' 
I 

I 

I 
N 
-...! 
I 



1 3 2 %  Floc k  

Half Monthly Weaning Jan 1 Jan 2 Feb 1 Feb 2 Mar 1 �lar 2 
Period 

Ewe Lamb : 
Liveweight 2 2 . 4  2 3 . 6  2 5 . 0  2 5 . 5  2 6 . 7  2 8 . 1 2 9 . 5  

Carc a s s  Wt . 
( kg )  8 . 8  9 . 4 1 0 . 0  1 0 . 3  1 0 . 8  1 1 . 5 1 2 . 2  

G . R .  Fat 
Depth ( mm) 2 3 4 5 6 7 8 

Grading ALPHA YL YL YL YL PL PL 

Sc hedule 
Value ( c / kg )  1 80 1 4 1  1 4 1  14 1 14 1 1 1 7  1 1 7  

Ram L amb : 
Li ve,ve ight 24 . 4  2 5 . 7  2 7 . 3  2 7 . 9  2 9 . 3  30 . 8  3 2 .4  

C arc a s s  Wt . 
( kg )  9 . 5  1 0 . 1  1 0 . 9  1 1 . 2 1 1 . 8 1 2 . 5  1 3 . 3  

G . R .  Fat 
Depth ( mm) 2 2 3 3 4 5 6 

Grading YL YL YL YL YL YL YM 

Sc hedule 
Va lue ( c /kg )  1 34 1 34 1 34 1 34 1 34 1 34 143 

Apr l Apr 2 May l May 2 

30 . 9  3 2 . 2  3 3 . 6  3 5 . 0  

1 2 . 8  1 3 . 4 14 . 1 14 . 8  

9 1 0  1 1  1 2  

PM PM PM PM 

1 3 9  1 3 9  1 3 9  1 3 9  

3 3 . 9  3 5 . 4  3 6 . 9  3 8 . 5  

14 . 0  14 . 7  1 5 . 4 1 6 . 2  

6 7 8 9 

YM YM PM YX 

143 143 1 3 3  1 3 8  

Jun l 

3 6 . 3  

1 5 . 4 

1 3  

TM 

7 0  

40 . 0  

1 6 . 9  

9 

YX 

1 3 8  

Jun 2 

3 7 . 7  

1 6 . 0  

1 5  

TM 

7 0  

4 1 . 5  

1 7 . 6  

1 0  

PX 

1 02 

Jul l 

43 . 0  

1 8 . 3  

1 1  

PX 

1 02 

l' 

I 

I 
N 
OJ 
I 
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Table 2 . 1 4 

Half Monthly 
Period 

Ewe lamb 

Ram Lamb 

Ewe Lamb 

Ram Lamb 

A Summary of the Value o f  Lamb Carcasses  from the l OO% and 1 3 2 %  
Lambing Flocks . 

We aning Jan 1 Jan 2 

$ 9 . 4 2 $ 1 1 .  1 6  $ 1 3 . 3 3 

$ 1 0 . 3 7 $ 1 2 . 1 7 $ 1 4 . 4 7 

$ 1 1 . 7 7 $ 9 . 82 $ 1 1 . 0 6 

$ 8 . 6 7 $ 1 0 . 1 8  $ 1 1 . 4 9 

1 0 0% Flock 

Feb 1 Feb 2 

$ 1 0 . 04 $ 1 0 . 3 7 

$ 1 1 . 2 4 $ 1 4 . 2 2 

1 3 2 %  Flock 

$ 9 . 7 5 

$ 1 0 . 2 3 

---- -----

$ 1 1 . 5 1  

$ 1 2 . 0 8 

Mar 1 Mar 2 Apr 1 Apr 2 

$ 1 1 . 8 6 $ 1 4 . 7 8 $ 1 6 . 2 4 $ 1 7 . 6 3 

$ 1 5 . 9 2 $ 1 7 . 6 9 $ 1 9 . 2 8 $ 1 9 . 3 2 

$ 1 0 . 3 6 $ 1 1 . 8 3 $ 1 6 . 00 $ 1 7 . 2 9 

$ 1 3 . 7 1 $ 1 6 . 6 1  $ 1 8 . 2 0 $ 1 9 . 6 5 

May 1 May 2 Jun 1 

$ 1 2 . 6 9 $ 1 3 . 8 6 $ 1 2 . 2 6 

$ 2 1 . 5 0 $ 2 3 . 1 0 $ 1 8 . 1 5  

$ 1 8 . 7 7 $ 2 0 . 2 5  $ 1 0 . 9 2 

$ 1 9 . 6 8 $ 2 2 . 0 6 $ 2 3 . 4 5 

----· 

Jun 2 

$ 1 3 . 1 7 

$ 1 9 . 2 9 

$ 1 1 . 80 

$ 1 8 . 5 2 

J u l  1 

$ 2 0 . 3 4 

$ 1 9 . 4 6 

I 
w 
0 
I 
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Lamb re turns ar e therefore a func tion o f  lamb carcass  weight , the 
grading o f  the carcass and the pelt value ( wool-pul l ) . The latter  i s  
dependent on whe ther or not the l amb was shorn a nd the dat e a t  which 
i t  was killed . Kil ling charges and levies - based on the l amb schedule 
effective as a t  the 2 8th April 1 98 6  - amount ed to $ 9 . 9 6 /head , 
irre spe c t ive o f  c ar c a s s  weight . The va lue of ewe and ram l amb 
carcasses  on a hal f  monthly basis for  the 1 00% a nd 1 3 2 %  f l oc ks are 
summarised in Table 2 . 1 4 .  Total l amb returns were simply c a lculated by 
mu lt iplying these values by the number of l ambs sold in each ha lf 
mont hly period . 

Cull Ewe Returns . 

Cull ewe s were sold in the f i r s t  ha lf o f  July , Oct ober and 
January . I t  wa s a s sumed that the c u l l s  sold in July and O c t ober would  
receive a $ 4 . 00 premium over tho se s o l d  in J anuary , because o f  market 
demand and that the January ewe s wou l d  be in poorer c ondi t i on ( Tab l e  
2 . 1 5 ) . A $ 2 . 00 premium ha s been a l l owe d f o r  the 1 3 2 %  f lock ewes over 
the 1 00% f lock ewe s due to their highe r liveweight . Total ewe returns 
were calculated by multiplying the s e  values by the number of ewe s 
sold . 

Table 2 . 1 5 Cull  Ewe Pri c e s . 

F lock 

Sale  Date 1 00 %  1 3 2%  

July $ 1 2 . 00 $ 1 4 . 00 
O c t ober $ 1 2 . 0 0 $ 1 4 . 00 
J anuary $ 8 . 00 $ 1 0 . 00 

2 . 5 . 2  Cost  Assumptions . 

Anima l Health C o s t s .  

Animal health c o s t s  were broken down into t hree c a t egorie s ; dip , 
drench , and vacc ine . The Lincoln C o l lege Farm Budget Manu a l  ( 1 9 8 3 ) and 
the M . A . F .  Farm Go st s and Pric e s  Technic a l  P aper ( 1 9 8 5 ) were used t o  
calculate  the c omponent c o s t s  o f  a nima l health expenditur e . I t  was 
assumed that all mixed age ewe s were vac c inated once prior to l ambing 
and two tooth ewe s were va ccinated  twi c e , pre-tup and pre-lamb .  All 
stock,  and l ambs s o ld at  weaning , were dipped . Dr enching c o s t s  which 
are dependent on liveweight are summarised in Table 2 . 1 6 . The ewe s 
and two t ooths were drenched twi c e  pre- t up and at  doc king . The l ambs 
and ewe hogg e t s  were drenched a t  2 1  day int e rvals  up unt i l  t he end o f  
May , and then monthly unt i l  t h e  e n d  o f  Dec ember . 
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Table 2 . 1 6 A Summary of the Animal Hea lth C o s t s .  

C omponent C o s t / Head 
( c /HD)  

Dip 6 . 2  

Vacc ine 1 6 . 0  

Drench L . W .  

2 0kg 8 . 4  
2 1 - 30kg 1 2 . 5  
3 1 -40kg 1 6 . 7  

4 0kg 2 0 . 9  

Shearing C o st s .  

Shearing c o s t s  are a t  the full  contract pri c e  o f  $ 1 2 7 / 1 00 .  S tock 
numbers shorn are based on the number o f  anima l s  in each c l a s s  in the 
month of  shearing . Only l ambs sold before F ebruary wer e not shorn . 

Ewe s wer e  c rut ched in late July at a cost  o f  $ 5 5 / 100 . An 
a l l owanc e of $ 9 . 5 0 per bale is made to c over wool packs , twine , emery 
paper , s t enc i l  ink and other a s sociated c o s t s .  The weight of a 
s t andard wool bale is  a s sumed t o  be 1 5 0  kg . 

Cartage C o s t s . 

C art age c o s t s  were obt ained from the M . A . F .  C o s t s  and Pric e s  
Techni c a l  Paper ( 1 9 8 5 ) . L ambs c o s t  $ 5 4 / 1 00 and cull  ewe s c o s t  $ 7 0 / 100  
t o  c art  t o  the  works . The c artage c o s t  for wool wa s $ 4 . 1 4 / ba l e . 

Ram Purc hase  C o s t s .  

A ram purcha se pri c e  o f  $ 2 00 / head  net wa s u sed for both f l o cks . 
Suffic i ent r ams t o  give a ram : ewe r a t i o  of  1 : 1 00 were r e t a i ne d . 

2 . 6 .  Gene r a l  Form of the Mode l .  

The model c a n  be c onsidered t o  be  made up o f  two sub-mode l s . The 
f i r s t  is a feed budget mode l  used to analyse the number of s t o c k  that 
c a n  be run on t he Tuapaka hi l l  unit ( g iven t he a s sumptions out l ined in 
S e c t i ons 2 . 1  t o  2 . 5 ) . The sec ond i s  a f inanc ial model that c ombines 
the s t ock numbers  from t he f eed budget analysis wi th the a s sump t i ons 
made for physic a l  produc t i on leve l s , a nd mu l t iplies the s e  by the 
r e s p e c t ive c o s t s  a nd pric e s , discussed in S e ction 2 . 5 .  From this  t he 
gr o s s  margin of  t he system under analysis  c a n  be det ermine d .  
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A small addi t iona l segment t o  the mode l  was developed t o  a s s i s t  
in reac hing a n  opt ima l solution.  Thi s c al c u la t ed the mar ginal ret �n 
( c ent s / kg DM ) on feed consumed from r e t aining a lamb for an ext r a  
period , and the dry ma t t er consumed for  that period . Wi t h  the a i d  o f  
t h i s  program, a n  o p t ima l so lution could b e  reached after 4 - 5  
i t erat ions . 

The spreadsheet  a l l ows the financ ial  c omponent to be linked 
direc t ly wi th the feed budget c omponent to generat e  a single large 
mode l .  The model wa s c onstruc ted so  that once the sto cking rate  wa s 
entered for a given level o f  perf ormanc e ,  the only variable that c ou l d  
be c hanged wa s t h e  pat t ern of lamb sal e s .  The author used the pa t t ern 
of l amb sales  in two ways . Fir st , t o  e nsure that the final pasture 
c over achieved for an opt i on equ a l led the ini t i a l  pasture c over of  
1 800 kg DM/HA on J anuary 1 s t ,  and secondly to o p t imi se t he gro s s  
margin for a given s t ocking rate and l eve l o f  performanc e .  

2 . 7  The Feed Budget Model . 

2 . 7 . 1  Feed Supply. 

The feed budget model requires average daily pasture growth rat e s  
( kg DM/ HA/ DAY ) and pa s ture quality ( MJME / kg DM ) t o  be entered o n  a 
ha lf mo nthly basis . Daily pasture gr owt h r a t e s  are mul t i p lied by the 
respect ive ha lf mo nthly pasture qua lity level to c alcul a t e  the t o t a l  
amount of energy avai lable o n  a per hec t are basis  ( MJME / HA)  for animal 
consumption.  Because it wa s assumed that an all grass sys t em wou ld be 
oper a t ed , no a l l owanc e wa s made f or the c onservation of hay or s i l a g e , 
or  i t s  subs equent fe eding out . 

2 . 7 . 2  Feed Dema nd .  

The daily anima l f eed requirement s  ( MJME /HD /DAY ) are ent ered o n  a 
half monthly ba s i s  for  each stock c la s s , a s  ou t lined in Section  2 . 3  
To a c c ount for the e f fec t o f  lambing s pread on feed demand ,  a 
mu l t iplier func t i on was incorpor a t ed into t he model , based on t he 
proportion o f  ewe s l ambing in different we eks ( Table 2 . 6 ) .  The 
mult iplier func t ion c alculates  daily ewe intakes for a given spread of 
l ambing , from Sept ember 1 st .  

The feed requir ement s for the r e p l a c ement s t ock and sale l ambs 
were as  given in S e c t ion 2 . 3  Feed d emand was c alculated a s  d a i ly 
anima l f eed requirement s per hec t are ( kg DM/ HA/DAY ) . 

2 . 7 . 3 .  Mod e l  C a lculat ions . 

For each s t ock c l a s s  the model c al c u l a t e s  the daily feed 
requirement s on a per hectare basis u s ing the f o llowing equat i on -

FEED DEMAND ( MJME / HA / DAY ) =  STOCK NUMBERS * ANIMAL INTAKE ( MJME/HD/ DAY ) 
AREA ( HA)  

. . .  Eqn 2 .  2 
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The diff erence between feed d emand and feed supply i s  c a lculated for 
each half  monthly period as f o l l ows : 

D I FFERENCE ( MJME/HA/DAY ) 
( MJME / HA/DAY ) 

FEED SUPPLY ( MJME / HA/ DAY ) - FEED DEMAND 

. . .  Eqn 2 . 3  

The dif f erence i s  then c onver ted t o  ki lograms dry mat t er by 
dividing by the respective half monthly pasture qua l i t y  f a c t or s  as  
shown below: 

DIFFERENCE ( kg DM/HA/DAY )  D I FFERENCE ( MJME / HA/DAY ) 
PASTURE QUAL ITY ( MJME / kg DM) 

. . .  Eqn 2 . 4 

To calculate  the average  pasture c over , the d i f f erenc e  ( Eqn 2 . 4 )  
i s  mu lt iplied by the number o f  days i n  the ha l f  mo nt hly period . Thi s 
value indica t e s  whether pasture c over has  increased o r  decreased over 
t hat period . 

CHANGE IN PASTURE COVER ( kg DM/HA) 
NUMBER OF DAYS 

D I FFERENCE ( kg DM/HA/DAY ) * 

. . .  E qn 2 .  5 

To calculate  the level o f  pasture c over at  the e nd o f  each 
period , the value obtained from E qn 2 . 5  is  added t o  the level of 
pasture c over at  t he start  o f  the period . 

The mod e l  s t a r t s  on J anuary 1 st wi t h  an ini t i a l  past ure c over of 
1 800 kg DM/HA . If the f arming sys t em i s  sus tainable in the long term ,  
t he f inal pasture c over leve l on Dec ember 3 1 st should a l s o  equal 1 800 
kg DM/HA.  The primary means of a d j u s t i ng p a sture c over , a f t er ent ering 
the s t o cking rate  for either t he 1 00% or 1 3 2%  l ambing f lock,  wa s by 
a l t ering the patt ern of l amb s a le s . No c o nst raint s were placed on the 
wi t hin year l eve l s  of pastur e  c over generated by t he mode l . 

2 . 8 Financ i a l  Mode l . 

Mos t  o f  t he c alculations perf ormed by the f inanc i a l  model have 
been d e s c r ibed previously in S e c t i on 2 . 5 .  Once the b a s i c  c o st and 
price a s s ump t i ons have been ent ered  into  t he financ i a l  mod el ,  no 
further data  is nec e s s ary bec au s e  the f inanc ial mod e l  u s e s  data  
gener a t e d  by t he f eed budget mod e l  a s  input . 

The mode l  c al c u la t e s  t o t a l  woo l  produc t ion and t o t a l  woo l  inc ome 
a nd from t hi s  d e t e rmines t he "WOOL INCOME" indices  on a per stock unit 
ba si s . C u l l  ewe r e t urns and l amb s a l e  d a t a  is used to c a lculate  t he 
" SHEEP INC OME " indic e s  per stock unit . Sheep inc ome and woo l  income 
are  then added t o  generate " TOTAL SHEEP INCOME" . The l a t t e r  is a l s o  
c a lc u l a t e d  o n  a p e r  hectare basi s . ( Refer  t o  Tabl e  2 . 2 7 ,  for examp l e s  
o f  t he above indic e s ) .  
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A number o f  other indi ces  are generated from the l amb s a l e  d at a .  
The s e  i nc lude average l amb pric e , average c ar c a s s  weight , average 
pri c e  per kilogram of  carc a s s  mea t , and carc a s s  meat per hec t a r e . � 
Simi larly for woo l ,  the physic a l  wo ol produc tion indic e s ,  woo l  per 
stock unit and wool per hec t are are derived . 

2 . 8 . 1 .  Farm Cost  C alculati ons . 

The farm cost  c a lculat i ons ( anima l health , shear ing , cartage and 
r am replac ement ) were based on the assumptions outl ined in Sect ion 
2 . 5 . 2  . Animal health costs were ent ered into the model and the mod e l  
c al c u l a t ed the number of  st ock on hand for each opera tion b a s ed o n  t he 
ha l f  monthly stock numbers from the feed budget mo del . Thi s d a t a  wa s 
then u sed t o  c alculate  the total anima l hea lth expenditure and per 
stock uni t and per hec tare indic e s .  

Shearing c o s t s  were c alculated i n  a simi lar manner wi th t he s t o c k  
numbers f o r  e a c h  operat ion extrac ted from the ha lf mo nthly s t ock 
numbers i n  the feed budget mode l .  Crut ching and shearing c o s t s  on a 
per head basis were entered manually . The model a l so c a lculated  the 
t o t a l  number of bales of  wool produc ed , non-labour related shearing 
c o s t s  a nd the cost  o f  wool transportation.  

S t o ck cartage c o s t s  for each  class  were ent ered and the  t o t a l  
c o s t  wa s found by summing t hese values t ime s t h e  number of  anima l s  
sold . The transport c o s t s  o f  the wool and stock we re added toge ther t o  
provide t o t a l  transportation c o s t s .  

Ram c o s t s  were based on ; the purchase pr ice  ( thi s value wa s 
ent ered manually ) ,  the number of rams required for the number o f  ewe s 
wi nt ered and the annual replacement ra t e . 

The model t o t al led the different expenditures and then c a lculated  
the per  s t ock unit and per hec t are indices  for expenditur e . Per  stock 
uni t i ndi c e s  for  the diff erent c la s s e s  of expend iture were also  
c a lc u l a t ed . 

The dif ference between inc ome and expendi ture wa s u sed t o  
c a l c u l a t e  the gro s s  margin o f  the sys t em o n  a per hec t are and a per 
stock unit basi s .  The se output s provide the basis for analysing the 
f inanc i a l  consequenc e s  of the alt ernat ive systems . 

2 . 9  Discuss ion of  Result s .  

2 . 9 . 1 .  Introdu c t io n .  

I ni t i a l  experiment s wi th the mod e l  were perf ormed t o  f ind the 
maximum s t ocking r a t e  ( wi t hin 0 . 5  S . U . / HA) that c ould be run g iven t he 
average pasture growth rat e s  for the Tuapaka hi l l  country unit . Thi s 
wa s a chieved by running the highe st stocking rate  po s s ible , that 
a l l owed t he final p a sture c over ( December 3 1 s t )  t o  equal  the i ni t i a l  
pas ture  c over ( J anua ry l s t )  where a l l  l amb s a l e s  occurred at  o r  
sho r t l y  a f ter weaning . The resul t s  ind i c ated that for a Sept ember l st 
lambing , maximum s t o c king rat e s  of  1 2 . 5  S . U . / HA a nd l l . O S . U . / HA c o u l d  
be r u n  a t  l OO% and 1 32 %  lambing , respect ive ly . 
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Subsequent l y ,  t he 1 3 2 %  flock mode l  wa s r u n  a t  s tocking rat e s  of  
1 1 . 0  S . U . / HA ,  1 0 . 0  S . U . / HA ,  and 9 . 0  S . U . / HA ,  and the 1 00 %  f lock mod e l  
at  1 2 . 5  S . U . /HA, 1 1 . 5  S . U . / HA ,  and 1 0 . 5  S . U . / HA .  B y  c omparing the � 
financ i a l  r et urn for each o f  these s t ocking rat e s , the " optimum" 
s t ocki ng rate  for each performanc e level could be ident i fied and the  
a s s o c i a t e d  gro s s  margin det ermined . As  ment i oned previously ,  the  
p a t t ern o f  lamb sale s was  manipulated for each s t ocking rate  f ir s t , to  
ensure that  t he fina l  p a s t ure c over e qu a l led t he ini t i a l  pasture  c over 
and that a r ealistic  pat t ern of change in pasture c over wa s achieved 
during t he year , and sec ondly to obtain the maximum gro s s  margin f o r  
that s t ocking rat e . 

Table 2 . 1 7 

Month 

J anuary 
February 
March 
Apri l  
May 
June 
July 
Aug u s t  
S ep t ember 
O c t ober 
N ovember 
Dec ember 

Table 2 . 1 8 

Mont h 

J anu ary 
F ebruary 
March 
Apri l  
May 
J une 
J u ly 
Aug u s t  
S e p t ember 
O c t ober 
N ovember 
D e ce mber 

Average Monthly Pasture Growth Rat e s , Anima l Requireme nt s ,  
Pasture Surplu s /Deficit  and Pastur e  C over L evel s  f o r  t he 
1 00 %  Flock S to cked a t  1 0 . 5  S . U . / HA on t he Tuapaka H i l l  Uni t . 

Pastur e  Growt hrate Anima l Int ake Surplu s / Deficit  Pastur e  
( kg / DM/HA/ DAY )  ( kg DM/ HA/DAY )  ( kg DM/HA/MNTH ) C over 

( kg DM/ HA)  

2 0 . 0  2 0 . 4  - 1 1  1 78 9  
1 6 . 0  2 2 . 0  - 1 6 7  1 6 2 2  
2 2 . 0  2 4 . 1  - 6 5  1 5 5 7  
1 6 . 0  2 5 . 1 - 2 7 2  1 2 85 
1 2 . 0  1 7 . 8  - 1 7 9  1 1 0 6  

8 . 0  1 7 . 3  -2 7 8  8 2 8  
1 0 . 0  1 1 . 0  - 3 0  7 9 8  
1 3 . 0  1 2 . 8  7 8 0 5  
1 7 . 0  1 6 . 6  1 3  8 1 8  
2 8 . 0  2 0 . 9  2 2 0  1 03 8  
4 3 . 0  2 3 . 6  5 84 1 6 2 2  
3 1 . 0  2 5 . 3  1 7 8 1 800 

Average Monthly Pasture Growth Rat e s , Animal Requirement s ,  
Pasture Surplu s /Def i c i t  and Pas ture C over Levels f or the 
1 00% Flock S t ocked a t  1 1 . 5  S . U . /HA on t he Tuapaka H i l l  U ni t . 

P a sture Growt hrat e Anima l I nt ake Surplu s / De f i c i t  Pasture 
( kg / DM/HA/ DAY ) ( kg DM/HA/ DAY ) ( kg DM/ HA/MNTH ) C over 

( k_g_ DM/HA) 

2 0 . 0  2 2 . 3  - 7 1  1 7 2 9  
1 6 . 0  2 1 . 4  - 1 5 0  1 5 7 9 
2 2 . 0  2 3 . 7  - 5 4  1 5 2 5  
1 6 . 0  2 2 . 8  - 2 04 1 3 2 1  
1 2 . 0  1 3 . 2  - 3 6  1 2 85 

8 . 0  1 2 . 6  - 1 3 6 1 1 4 9  
1 0 . 0  1 2 . 0  - 6 2  1 0 8 7  
1 3 . 0  1 4 . 0  - 3 1 1 0 5 6  
1 7 . 0  1 8  � 1 - 3 4  1 0 2 2  
2 8 . 0 2 2 . 9  1 58 1 1 80  
4 3 . 0  2 5 . 8  5 1 7  1 6 9 7  
3 1 . 0  2 7 . 7  1 03 1 80 0  
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Tabl e  2 . 1 9 Average Monthly Pasture Growth Ra t e s , Anima l Requirement s ,  
Pas ture Surplu s /Defic i t  a nd Pas ture C over Levels for the 
lOO% Flock Stocked at  1 2 . 5  S . U . /HA on the Tuapaka Hi ll Unit . 

Mo nth Pasture Growthra te Animal I nt ake Surplu s / D e f i c i t  Pasture 
( kg / DM/HA/ DAY ) ( kg DM/HA/ DAY ) ( kg DM/HA/MNTH ) C over 

( kg DM/ HA ) 

Janua ry 20 . 0  2 1 . 00 - 3 1 1 7 6 9  
February 1 6 . 0  1 6 . 40 - 1 2  1 7 5 7  
March 22 . 0  1 9 .  l 8 9  1 84 6  
Apr i l  1 6 . 0  2 0 . 6 5 - 1 3 6 1 7 1 0  
May 1 2 . 0  1 4 . 3  - 7 1  1 6 3 9  
June 8 . 0  1 3 . 7  - 1 6 9  1 4 70 
July 1 0 . 0  1 3 .  l - 94 1 3 7 6  
August 1 3 . 0  1 5 . 2  - 6 9  1 30 7  
Sept ember 1 7 . 0  1 0 . 7  - 8 1  1 2 2 6  
Oct ober 2 8 . 0  2 4 . 9  9 6  1 3 2 2  
November 4 3 . 0  2 8 . 0  4 5 0  1 7 7 2  
Dec ember 3 1 . 0  3 0 . 1  2 8  1 800 

Table 2 . 2 0 Average Monthly Pasture Growth Ra t e s , Anima l Requir ement s ,  
Pasture Surplu s / Deficit and Pasture Cover Leve l s  for the 
1 3 2 %  Flock Sto cked at  9 . 0  S . U . / HA on the Tuapaka Hill  Uni t . 

Mo nth Pasture Growthrate Animal I nt ake Surplus / D e f i c i t  Pa sture 
( kg DM/HA/ DAY ) ( kg DM/ HA/DAY ) ( kg DM/ HA/MNTH ) C over 

( kg DM/HA)  

Ja nua ry 2 0 . 0  2 0 . 9  - 2 5  1 7 7 5  
February 1 6 . 0  2 2 . 8  - 1 8 8  1 5 8 7  
March 2 2 . 0  2 4 . 1  - 6 8  1 5 1 9  
Apr i l  1 6 . 0  2 4 . 0  - 2 7 0  1 2 4 9  
May 1 2 . 0  2 0 . 8  - 2 7 1 9 7 8  
June 8 . 0  1 3 . 8  - 1 7 3 805 
July 1 0 . 0  1 0 . 4  - 1 3  7 9 2  
Augu s t  1 3 . 0  1 2 . 4  2 0  8 1 2  
Sept ember 1 7 . 0  1 6 . 2  2 4  8 3 6  
O c t ober 2 8 . 0  2 0 . 8  2 2 2  1 0 5 8  
November 43 . 0  2 3 . 7  5 78 1 6 3 6  
Dec ember 3 1 . 0  2 5 . 7  1 6 4  1 800 



Tabl e  2 . 2 1 

Month 

J a nuary 
February 
March 
Apr i l  
May 
June 
J u ly 
August 
Sept ember 
Oc t ober 
November 
December 

Table 2 . 2 2  

Month 

J anuary 
February 
March 
Apri l  
May 
June 
J u ly 
Au gust  
Sept ember 
O c t ober 
November 
Dec ember 
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Average Monthly Pas ture Growth Rat e s , Animal Requir ement s ,  
P a sture Surplus/Deficit a nd Pasture C over Level s for the 
1 32 %  Flock Stocked at  1 0  S .  U .  /HA on the Tuapaka H i l l  'lJnit . 

P a sture Growthrate  Anima l Int ake Surplu s / Deficit  Pa s ture 
( kg / DM/HA/DAY ) ( kg DM/ HA/ DAY ) ( kg DM/HA/MNTH ) C over 

( kg DM/ HA)  

2 0 . 0  2 0 . 3  - 7  1 7 9 3  
1 6 . 0  2 2 . 0  - 1 6 7  1 6 2 6  
2 2 . 0  2 3 . 6  - 5 2  1 5 7 4  
1 6 . 0  2 4 . 7  - 2 5 8  1 3 1 6  
1 2 . 0  1 2 . 9  - 2 8  1 2 8 8  

8 . 0  1 1 . 7  - 1 1 1  1 1 7 7 
1 0 . 0  1 1 . 6  - 4 8  1 1 2 9  
1 3 . 0  1 3 . 7  - 2 3  1 1 0 6  
1 7 . 0  1 8 . 0  - 3 0  1 0 7 6  
2 8 . 0  2 3 . 2  1 50 1 2 2 6  
4 3 . 0  2 6 . 4  4 9 9  1 7 2 5  
3 1 . 0  2 8 . 6  7 5  1 800 

Average Monthly Pasture Growth Rat e s , Animal Requir ement s ,  
P a s ture Surplus / De ficit  a nd Pa sture C over Levels for t he 
1 3 2 %  Flock Stocked at  1 1  S . U . / HA on t he Tuapaka H i l l  Uni t . 

P a sture Growthrate Anima l I nt ake Surplu s / De f i c i t  P a s t ure 
( kg / DM/ HA/DAY ) ( kg DM/ HA/ DAY ) ( kg DM/ HA/MNTH ) C over 

( kg DM/ HA ) 

2 0 . 0  1 7 . 3  8 5  1 88 5  
1 6 . 0  1 8 . 4  - 6 9  1 8 1 6 
2 2 . 0  2 0 . 3  5 0  1 8 6 6  
1 6 . 0  1 9 . 7  - 1 1 0 1 7 5 6  
1 2 . 0  1 4 . 0  -6 1 1 6 9 5  

8 . 0  1 2 . 9  - 1 4 6  1 5 4 9  
1 0 . 0  1 2 . 7  - 8 4  1 4 6 5  
1 3 . 0  1 5 . 1 - 6 6  1 3 9 9  
1 7 . 0  1 9 . 8  - 8 3  1 3 1 6 
2 8 . 0  2 5 . 5  7 8  1 3 94  
4 3 . 0  2 9 . 9  4 1 9  1 8 1 3  
3 1 . 0  3 1 . 4  - 1 3  1 800 
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2 . 9 . 2 .  Feed Budget Re sul t s .  

Examinat i on o f  the feed budget  r e s u l t s  i n  Tables 2 . 1 7 - 2 . 2 2  � 

indicates  that the high performanc e f lock provides a s li ght ly be t t e r  
fit  of f eed requirements with feed suppl y ,  ( re f lected in the mont hly 
surplu s / d e f i c i t  d a t a  and the pa t t e rn of mo nthly pa sture c over ) a nd 
sugge s t s  that a 3 2 %  increase in l ambing perc entage requires a drop in 
stocking rate  o f  approximately 1 . 5  S . U . /HA. In effec t , this  is a 14 -
1 7% decrea s e  in s t ock number s . I f  s t oc king r a t e  i s  adj u s t ed t o  
incorporate thi s ,  only a sma ll di f f erence betwe en the annual p a t t ern 
of pa s ture c over f or the two leve l s  of perf ormanc e exi st s .  On this 
ba sis  there i s  li t t l e advantage in running a lower s t ocking rate hi gh 
performanc e f lock on Tuapaka if the s o l e  crit eria for s e l e c t ing a 
farming system wa s that of ma tc hing f e e d  supply and feed d emand . 

This dif ference i s  sma ller t han expec t ed ,  but c an be a t t r ibuted 
to a number o f  f a c t or s . The original hypo the s i s  was based on a 
c omparison of the feed requirement s o f  a single rearing ewe wi th a 
twin rearing ewe . Thi s  in effect  i s  equivalent t o  comparing a 1 00% 
lambing f lock wi t h  a 2 00% lambing f l o c k .  However , the a c t u a l  
difference in lambing percent age between t h e  two flocks in the 
analysi s  wa s only 3 2 % . 

The feed budget analysi s  wa s used f or a f lock ra ther than 
individual anima l s . The latter c onsiders only the feed requir ement s of 
single and twin r earing ewes . In  fact a ewe f lock c ompri s e s  a number 
of dif ferent bear ing and re aring rank ewe s as shown in Table 2 . 3 .  
Although mu l t iple  rearing ewe s c onsume a higher proportion of t heir 
t o t a l  feed ( r e l a t ive to their wi nter r e quir ement s )  over the period of 
lacta tion than s ingle rear ing ewe s ( Table  2 . 2 3 ) , thi s  advant age is 
reversed if  the mu lt iple bear ing ewe s l o se one or mor e  l ambs ( Table 
2 . 2 4 ) . 

Whi le the d i f f erence in flock perf ormanc e was o nly 3 2 %  l ambing , 
the real  d i f f erence between the number o f  ewe s bearing single , twi n 
and triplet l amb s was 38% , 1 8% and 1 9 % respect ive ly ( Table 2 . 3 ) . Thi s 
affected  the propor t ion of ewes t ha t  f a i led t o  rear l ambs pre s e nt a t  
birth ( Table 2 . 2 5 ) .  Thus , i n  the 1 0 0 %  f lock ; 1 9 % of ewe s f ai led t o  
r e a r  l ambs prese nt a t  bir th,  c ompared wi th 3 0 %  i n  the 1 3 2 %  f l o c k .  
Failure t o  rear  a l amb after ca rrying t h a t  l amb f o r  t he period of 
gest ation , c re a t e s  a large wint er feed  c o s t  r e l a t ive t o  t he spring 
feed requi rement s of a ewe . Because the 1 3 2 %  f lock l o s t  a higher 
per c entage o f  lamb s , the advant age ( i n t erms o f  their higher f eed 
consumption over the period of lac t a t i o n  r e l a t ive t o  the wi nter 
peri o d )  o f  t he higher propor tion o f  mu l t iple  bearing ewe s in t he 
f l o c k ,  wa s reduc ed . 



Table 2 . 2 3  A Compar i son o f  the Feed Requirement s o f  S i ngle , Twi n and 
Triplet Rearing Ewes . 

S ingle Rearing Ewe Twin Rearing Ewe 
Half Monthly 
Period MJME /HD/ DAY MJME/ Period MJME/HD/DAY MJME / Period % Diff . 

* 

Jan 1 1 2 . 7  1 9 1  1 4 . 7  2 2 1  1 6  
Jan 2 1 0 . 3  1 6 5  1 1 . 9  1 9 0 1 6  
Feb 1 1 0 . 3  1 4 4 1 1 . 9  1 6 7  1 6  
Feb 2 1 0 . 3  1 4 4  1 1 . 9  1 6 7  1 6  
Mar 1 1 2 . 3  1 8 5  1 4 . 2  2 1 3  1 5  
Mar 2 1 6 . 6  2 6 6  1 9 . 0  304 1 4  
Apr 1 1 7 . 0  2 5 5  1 9 . 3  2 90 1 4  
Apr 2 1 7 . 5  2 6 3  1 9 . 6  2 9 4  1 2  
May 1 1 1 . 1  1 6 7  1 2 . 6  1 8 9  1 4  
May 2 1 1 . 1  1 7 8 1 2 . 6  2 02 1 4  
Jun 1 1 1 . 1  1 6 7  1 2 . 6  1 8 9  1 4  
Jun 2 1 1 . 1  1 6 7  1 2 . 6  1 8 9 1 4  
Jul 1 1 1 . 1  1 6 7  1 2 . 8  1 9 2 1 5  
Jul  2 1 1 . 4 1 8 2 1 3 . 8  22 1 2 1  
Aug 1 1 3 . 0  1 9 5 1 7 .  1 2 5 7  3 2  
Aug 2 1 6 . 0  2 5 6  2 1 . 5  344  34  
Sep 1 1 9 . 4  2 9 1  2 7 . 7  4 1 6  4 3  
Sep 2 2 0 . 5  308 2 9 . 6  444  4 4  
Oct  1 2 3 . 9  3 5 9  3 3 . 2  4 9 8  3 9  
O c t  2 2 4 . 8  3 9 7  3 5 . 8  5 7 3  4 4  
Nov 1 2 5 . 6  384 3 7 . 0  5 5 5  4 5  
Nov 2 2 6 . 3  3 9 5  3 8 . 2  5 7 3  4 5  
Dec 1 2 7 . 0  405  3 9 . 5  5 9 3  4 6  
Dec 2 2 7 . 8  4 4 5  40 . 6  6 5 0  4 6  

6 , 4 6 9  8 , 6 0 7  3 3  

*C ompared t o  a single rearing ewe . 

MJME/HD / DAY 

1 5 . 5  
1 2 . 6  
1 2 . 6  
1 2 . 6  
1 5 .  1 
2 0 . 0  
2 0 . 3  
2 0 . 6  
l 3 . 3 
1 3 . 3  
1 3 . 3  
1 3 . 3  
1 4 . 4  
1 6 . 5  
1 9 . 0  
2 3 . 3  
32 . 1  
3 4 . 1  
3 9 . 0  
4 1 . 0  
42 . 8  
4 3 . 8  
4 5 . 8  
4 7 . 4  

Triplet Rearing Ewe 

MJME / Period % Diff . 
* 

2 3 3  2 2  
2 02 2 2  
1 7 6 2 2  
1 7 6  22 
2 2 7  2 3  
3 2 0  2 0  
305  1 9  
3 0 9  1 8  
2 00 2 0  
2 1 3  20 
2 00 2 0  
2 00 2 0  
2 1 6  30  
264  4 5  
2 8 5  4 6  
3 7 3  4 6  
482  65  
5 1 2  6 6  
5 8 5  6 3  
6 5 6  6 5  
642  6 7  
6 5 7  6 7  
6 8 7  7 0  
7 5 8  7 1  

9 , 4 5 6  4 6  

I 
+:-
0 
I 



Table 2 . 2 4 A C omparison of the Fe ed Requirement s o f  Single Rearing Ewe , With a Twin Beari ng / Single 
Rear i ng Ewe and a Triplet Bearing / S ingle Rearing Ewe . 

Si ngle Rearing Ewe Twin Rearing Ewe Triplet Rearing Ewe 
Half Mont hly 
Period MJME/HD/DAY MJME/ Period MJME/HD/DAY MJME/ Period % Di f f . MJME/HD/DAY MJME/ Period % Di f f . 

J a n 1 1 2 . 7  1 9 1  1 4 . 7  2 2 1 1 6  1 5 . 5  2 3 3  2 2  
J a n  2 1 0 . 3  1 6 5  1 1 .  9 1 90 1 6  1 2 . 6  202  22  
Feb  1 1 0 . 3  1 4 4 1 1 . 9  1 6 7  1 6  1 2 . 6  1 7 6 2 2  
F e b  2 1 0 . 3  1 4 4  1 1 . 9  1 6 7  1 6  1 2 . 6  1 7 6  2 2  
Mar 1 1 2 . 3  1 8 5  1 4 . 2  2 1 3  1 5  1 5 . 1 2 2 7  2 3  
Mar 2 1 6 . 6  2 6 6  1 9 . 0  304 1 4  2 0 . 0  3 2 0  2 0  
Apr 1 1 7 . 0  2 5 5  1 9 . 3  2 9 0 1 4  2 0 . 3  305  1 9  
Apr 2 1 7 . 5  2 6 3  1 9 . 6  2 9 4 1 2  2 0 . 6  3 0 9  1 8  
May 1 1 1 . 1  1 6 7  1 2 . 6  1 8 9  1 4  1 3 . 3  2 00 2 0  
May 2 1 1 . 1  1 7 8 1 2 . 6  202  14  1 3 . 3  2 1 3  2 0  
J u n  1 1 1 . 1  1 6 7  1 2 . 6  1 8 9  1 4  1 3 . 3  2 0 0  20  
Jun 2 1 1 . 1  1 6 7  1 2 . 6  1 8 9  1 4  1 3 . 3  200 2 0  
J u l  1 1 1 . 1  1 6 7  1 2 . 8  1 9 2  1 5  1 4 . 4  2 1 6  30  
Jul  2 1 1 . 4 1 8 2 1 3 . 8  2 2 1  2 1  1 6 . 5  2 6 4  4 5  
Aug 1 1 3 . 0  1 9 5 1 7 .  1 2 5 7  32 1 9 . 0  2 8 5  4 6  
Aug 2 1 6 . 0  2 5 6  2 1 . 5  344 34  2 3 . 3  3 7 3  4 6  
Sep 1 1 9 . 8  2 9 7  2 1 . 2  3 1 8  7 2 1 . 0  3 1 5 6 
Sep 2 2 1 . 4  32 1 2 2 . 8  342 7 2 2 . 9  3 4 4  7 
Oct  1 2 5 . 1  3 7 7  2 6 . 9  404 7 2 7 . 2  408  8 
Oct  2 2 6 . 3  42 1 2 8 . 1  4 5 0  7 2 8 . 5  4 5 6  8 
Nov 1 2 7 . 3  4 1 0  2 9 . 2  4 3 8  7 2 9 . 6  444  8 
Nov 2 2 8 . 1  4 2 2  30 . 0  4 5 0  7 3 0 . 5  4 5 8  9 
Dec 1 2 8 . 7  4 3 1  30 . 6  4 5 9  7 3 1 . 2  4 6 8  9 
Dec 2 2 9 .  1 466  3 1 . 1  4 9 8 7 3 1 . 8  5 0 9  9 

6 , 2 3 1  6 , 9 84 1 2  7 , 2 9 7  1 7  
i '  

I 

I I 

I 
-!>
,_. 

I 



Table 2 . 2 5  
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A C ompari son of the Proportion o f  Ewe s t hat Fail  t o  
the Number o f  Lambs Pre sent a t  Birth for t he l OO% 
Lambing F locks . ( Sourc e : B lair , 1 9 8 5 )  

Proportion of the F lo c k  

B e aring Rank l 2 3 2 3 3 
Rearing Rank 0 0 0 l l 2 

l OO% F lock 8% 3% - 8% - -

1 3 2 %  Flock 3 %  5 %  2 %  l l %  3 %  6 %  

Rear 
and 1 3 2 %  

T o t a l  

1 9% 
3 0 %  

Ther e  were also  differenc e s  i n  t h e  feed r e quir ement s o f  replac ements  
f o r  the two f locks . The high performance replac ement s ,  grown out to  6 0  kg 
by two t ooth mating , consume 2 5% more feed per head than t he ir l ow 
p e r f o rmance f lock c ount erpart s  ( Table 2 . 2 6 ) .  The peak difference i n  feed 
r equi r ement s for these two groups occurs t hrough autumn and spring , and the 
minimum a f t e r  weaning and in mid -wint er . The 18 - 2 1 %  higher mid-wint er 
s t o c king rate  for t he 5 0  kg replacement reduc es  the 25%  per head d i fference 
i n  f e e d  int ake to 3 - 5 %  on a per hec t are bas is . 

. I 
I 



Table 2 . 2 6 
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A C omparison of H a l f  Monthly Feed Requir ement s of Replac ement 
Stock for t he 1 00% and 1 3 2 %  Lambing Flocks . 

6 0kg Hogget 50 kg Hogget 
Half Monthly 
Period MJME/HD/ DAY MJME / Period MJME/HD/DAY MJME / Period % Dif ference 

Jan 1 1 0 . 1  1 5 2 9 . 2  1 3 8 1 0  
Jan 2 10 . 6  1 7 0 9 . 4  1 5 0  1 3  
Feb 1 1 1 . 0  1 5 4 9 . 6  1 3 4 1 5  
Feb 2 1 1 . 4  1 60 9 . 9  1 3 9  1 5  
Mar 1 12 . 6  1 8 9  1 0 . 1 1 5 2 2 5  
Mar 2 1 3 . 2  2 1 1  1 0 . 4  1 6 6 2 7  
Apr 1 1 3 . 8  2 0 7  1 0 . 6  1 5 9  3 0  
Apr 2 14 . 3  2 1 5  1 0 . 9  1 64 3 1  
May 1 1 4 . 9  2 2 4  1 1 . 2  1 6 8  3 3  
May 2 1 5 . 5  2 4 8  1 1 . 4  1 82 3 6  
Jun 1 1 1 . 1  1 6 7  9 . 8  1 4 7  1 3  
Jun 2 1 1 . 2  1 6 8  9 . 9  1 4 9  1 3  
Jul  1 1 1 . 3  1 70 1 0 . 0  1 50 1 3  
Jul 2 1 1 . 4  1 82 1 0 . 1  1 6 2 1 3  
Aug 1 1 4 . 5  2 1 8  1 2 . 4  1 86 1 7  
Aug 2 1 4 . 8  2 3 7  1 2 . 7  2 03 1 7  
Sep 1 1 7 . 6  2 6 4  1 4 . 7  2 2 1  2 0  
Sep 2 1 8 . 2  2 7 3  1 5 . 2  2 2 8  2 0  
O c t  1 2 1 . 6  3 2 4  1 7 .  1 2 5 7  2 6  
O c t  2 2 2 . 7  3 6 3  1 7 . 9  2 8 6 2 7  
Nov 1 2 3 . 9  3 5 9  1 8 . 6  2 7 9  2 8  
Nov 2 2 5 . 1  3 7 7  1 9 . 4  2 9 1  2 9  
Dec 1 2 6 . 3  3 9 5  2 0 . 2  3 0 3  3 0  
Dec 2 2 7 . 6  442  2 1 . 2  3 3 9  3 0  
J an 1 1 8 . 1  2 7 2  1 3 . 9  2 0 9  3 0  
Jan 2 1 8 . 4  2 9 4  1 4 . 1  2 2 6  3 0  
Feb 1 1 8 . 6  2 6 0  1 4 . 2  1 9 9 3 1  
Feb 2 1 8 . 9 2 6 5  1 4 . 3  2 00 3 2  

-

6 , 9 5 5  5 , 5 8 5  2 5  

Although the betwe en f lock feed demand patt erns were similar , 
there was considerable difference in the wit hin f lo c k  pat t ern o f  feed 
d emand due t o  the effe c t  o f  s t o c king r at e .  For t he high stocking r a t e  
opti ons t o  b e  s e l f  sust aining , lambs were slau ght ered at , or s o o n  
after  weaning . Thi s a l lowed f eed t o  be t aken into the winter t o  bu f f er 
the wint er/ e arly spring defic it . The l ow s t oc king r a t e  option ' s  
pat t ern o f  feed d emand generated a large spring sur p l u s . The l ow 
s t ocking rate opt i ons therefore ret ained l ambs into l a t e  wi nter t o  
reduce pasture c over . The med ium s t ocking r a t e  syst ems f e l l  mid-way 
be tween the two extreme s . 
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In practic e ,  a pr oportion of the feed c arried t hrough t he summer 
would have senesced and decayed , as we l l  as declining in quality . More 
d e t a i led models , such as McC all ' s  ( 1 9 8 4 ) have t aken this into acc�unt . 
The s imple feed budget model with a c umulat ive pastur e  c over func t ion 
and wi th no adj us tment f or l o s s  o f  past ure o ther t han through int ake 
may t here f ore over- e st imate  autumn and winter f eed supplies . 

The validity o f  the low s t ocking r a t e  analys i s  i s  que s t ionable in 
the li ght o f  current knowledge , because i t  resul t s  in low pastur e  
c over levels ( below 1 000 kg DM/ HA)  f o r  4 - 5 mo nths o f  t h e  year 
( Tables 2 . 1 7 & 2 . 2 0 ) , inc luding the period  o f  early lac t a t ion . Bircham 
( 1 9 8 4 ) and Hodgson and Maxwell ( 1 9 84 ) suggest  that both pasture growth 
rat e s  and anima l intake s are reduced over the lactat ion period if  
p a s t ur e  c over i s  allowed t o  fall  below 1 00 0  kg DM/HA . Thi s f e ed 
budget ing analysis t ake s no account o f  the int eraction between pasture 
c o ve r ,  pasture growth ra t e  and animal int ake , sinc e pasture growth 
rat e s  and animal intakes are f ixed . The levels o f  animal perf ormanc e 
s e t  f o r  the low s t o cking rate options are unlike ly t o  be a t t ained , and 
a s  a re sult the physica l and f i nanc ial ou t put from the low s t o cking 
r a t e  opt ion for the 1 3 2 %  lambing flock and the l OO% lambi ng f lock wi ll 
be over-e s t ima t ed . 

The initial c onstruct ion o f  the f eed budge ting model required the 
deriva t ion o f  a set o f  feed re quirement s ,  based on pr edetermined 
l eve ls of animal performanc e . The analy s i s  of a system ' s ability t o  
c ope wi th variations i n  pasture growth r a t e s  by alt ering t he l eve l s  o f  
animal intakes requires  the derivation o f  a new s e t  o f  per formanc e 
levels a s sociated wi th these intakes . H owever , publi shed f eed 
requir ement s for pregnant and lactat ing ewe s are rigidly d e f ined in 
the feed t ables and inf ormat ion on the e f f e c t  on performanc e o f  
f e ed i ng ewe s higher o r  l ower leve ls o f  nut r i tion t han spec i f i ed i n  the 
f e ed t ables is incomplet e .  The e f f e c t  o f  varying ewe nutrit ion on ewe 
and l amb perf ormanc e t hrough the peri o d s  o f  pr egnancy and lactat ion is  
t he r e f or e  not  eas ily addre s s ed within t he f e ed budget  framework used . 
I n  c ontra st , livewe i ght and liveweight gain data c an be more readily 
d e rived f rom tables f or immature and dry s t ock ,  a s  shown by Townsley 
( 1 9 8 6 ) .  

F inally , the f e e d  budget ana lysis i s  b a s ed on average pasture 
g r owth rates and takes no acc ount o f  the d i f f erent sheep syst ems ' 
ability t o  cope with variat i ons in pasture supply . 

2 . 1 0 .  F inanc ial Result s .  

2 . 1 0 . 1  Be tween Flock Pro f i t ability Compari son . 

The gro s s  margins per stock unit and per hec t are are summarised 
i n  Table 2 . 2 7 f or the t wo f locks acro s s  three  stocking rates . The hi gh 
p e r f o rmanc e f lock a c hi eve s a higher gro s s  mar gin per stock unit and 
per  h e c t are t han the low performance f l o c k ,  d e spite  a d i f f er enc e o f  
1 . 5  S . U . / HA in s t o cking rat e . The d i f f erence in pro f i t ability between 
t h e  t wo f locks rang e s  f rom $ 6 / HA ( 2 . 6 % )  u p  to  $ 3 8 / HA ( 1 6 . 5% ) . Thi s 
r e p r e sent s an increase  in t o t a l  f arm pro f i t ability o f  between $ 2 , 00 4  
a nd $ 1 2 , 6 9 2 . 
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Table 2 . 2 7 The Gross  Margin Indices  for  t he 1 00% and 1 32 %  Fl ocks . 

S t o cking Rate Wo ol Sheep Total Variable Gro ss 
( S .  U . /HA)  I nc ome I nc ome Inc ome C o s t s Margi n 

$ / S . U .  
1 00% Flock 10 . 5  $ 1 5 . 8 9 $ 1 2 . 4 1 $ 2 8 . 3 0 $ 6 . 40 $ 2 1 . 90 

1 1 . 5  $ 1 5 . 2 5 $ 1 1 . 9 9 $ 2 7 . 2 4 $ 5 . 7 5  $ 2 1 . 4 9  
1 2 . 5  $ 1 3 . 88 $ 9 . 4 2 $ 2 3 . 3 0 $ 4 . 8 8 $ 1 8 . 4 2 

1 32 %  Flock 9 . 0  $ 1 6 . 5 3 $ 2 0 . 1 2 $ 3 6 . 6 5 $ 6 . 8 5 $ 2 9 . 80 
1 0 . 0  $ 1 5 . 7 7 $ 1 6 . 4 0 $ 32 . 1 7 $ 6 . 02 $ 2 6 . 1 5 
1 1 . 0  $ 1 4 . 7 0 $ 1 1 . 8 9 $ 2 6 . 5 9  $ 5 . 1 2 $ 2 1 . 4  7 

$ /HA 
1 00% Flock 1 0 . 5  1 6 7  1 30 2 9 7  6 7  2 3 0  

1 1 . 5  1 7 5  1 3 8 3 1 3  6 6  2 4 7  
1 2 . 5  1 74 1 1 8  2 9 1  6 1  2 3 0 

1 3 2 %  Flock 9 . 0 1 4 9  1 8 1  3 3 0  6 2  2 6 8  
1 0 . 0  1 5 8  1 6 4  3 2 2  6 0  2 6 2  
1 1 . 0  1 6 2  1 3 1  2 9 2  5 6  2 3 6  

The 1 3 2 %  f lock ha s a slightly higher ( 4 . 0  - 5 . 9 % )  woo l  inc ome 
per s t ock uni t than the low perf o rma nce f lo c k ,  because wo ol produ c t i on 
i s  grea t e r  due t o  hi gher hogge t and two t ooth wool yi eld s ,  and mo r e  
lambs are shorn ( Table 2 . 2 8 ) . However , on a p e r  hec tare basis  t h e  low 
per formanc e f lock produc e s  more woo l  ( T able 2 . 2 8 ) . 

Table 2 . 2 8 Wool Produ c t ion f or the l OO% and 1 3 2 %  Flocks . 

Wo ol Produ c t ion Indi c e s  
Stocking Rat e  

( S .  U . /HA)  kg/ S . U .  kg/HA 

l OO% Flock 1 0 . 5  5 . 2  s s  
1 1 . 5 5 . 0 5 8  
1 2 . 5  4 . 6  5 8  

1 3 2 %  Flock 9 . 0  5 . 4  4 9  
1 0 . 0  5 . 2  52  
1 1 . 0 4 . 8  5 3  

Wool make s u p  4 5 - 60% o f  t o t a l  sheep inc ome ( Table 2 . 2 9 ) . A 
small  e rror in the e s t ima t ion o f  the wool c lip f or individual s t ock 
classes  c ould there fore have a large  impac t  on t he pro f i t ability of  
the two f lo cks . The average wool price  u sed in t he analys i s  wa s 
$ 3 . 0 4 / kg c ompared t o  cur rent ( 1 98 6 / 8 7 ) pric e s  o f  $ 3 . 50 t o  $ 3 . 80 / kg . 
Such an inc rease in woo l  price almo s t  r emoves  t he p r o f i t  advant age o f  
the h i g h  performance f lo c k .  
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Table 2 . 2 9  The C omponent s o f  Sheep I nc ome f or t he 1 00% and 1 3 2 %  
Flocks . 

1 00% Flock 
S t ocking Rat e  

C omponent 1 2 . 5  S .  U .  / HA 1 1 .  5 S .  U .  /HA 1 0 . 5  S . U . / HA 

Wool I nc ome $ 5 6 , 5 6 7  ( 5 9 . 6 )  $ 5 7 , 1 6 3  ( 5 6 . 0 )  $ 5 4 , 3 8 8  ( 5 6 . 2 ) 
L amb s a l e s  $ 3 1 , 886  ( 3 3 . 6 )  $ 3 8 , 9 78 ( 3 8 . 2 )  $ 3 7 , 005 ( 3 8 . 2 )  
Ewe s a l e s  $ 6 , 4 90  ( 6 . 8 )  $ 5 , 9 7 1  ( 5 . 8 ) $ 5 , 4 5 2  ( 5 . 6 ) 
Total Inc ome $ 9 4 , 9 4 3  $ 1 02 , 1 1 2 $ 9 6 , 8 4 5  

1 3 2 %  Flock 
Stocking Ra t e  

C omponent 1 1 . 0  S .  U .  /HA 1 0 . 0 S .  U .  / HA 9 . 0  S .  U .  / HA 

Wool I nc ome $ 5 2 ' 7 2 4  ( 5 5 . 3 )  $ 5 1 , 4 2 4  ( 4 9 . 1 )  $ 4 8 , 4 8 0  ( 4 5 . 0 )  
Lamb sales  $ 36 , 1 4 9  ( 3 7 . 9 )  $ 4 7 , 5 3 2  ( 4 5 . 3 )  $ 5 3 , 6 8 8  ( 50 . 0 )  
Ewe sales  $ 6 , 50 7  ( 6 . 8 )  $ 5 , 9 1 5  ( 5 . 6 )  $ 5 , 3 2 4  ( 5 . 0 )  
Total  I nc ome $ 9 5 , 3 7 0 $ 1 0 4 , 8 7 1  $ 1 07 , 4 9 2  

* *No t e : The f i gure i n  bracke t s  repr e s e nt the percentage o f  t o tal 
inc ome . 

The ma j or d i f f erence in prof it ab i l i ty between the two f locks i s  
a t t r ibut e d  t o  sheep inc ome ( Table 2 . 2 7 ) . On a per s t ock uni t basis  the 
high perf ormance f lock produc e s  $ 2 . 4 7  to $ 7 . 7 1 / S . U .  ( 2 6 . 2 - 6 2 . 1 % )  
above the low perfo rmance f lo c k .  The se large d i f f erenc e s  ensure that 
t he high per f o rmanc e f lock has the highe s t  sheep  inc ome per hec t are , 
despite  the 1 . 5 S . U . /HA dif ferenc e  in s t ocking rate ( Table 2 . 2 7 ) .  

The maj or s ource o f  sheep inc ome i s  lamb sales , wi th ewe sales 
o nly c ontributing 9 %  to  1 7% o f  she ep income ( Table 2 . 30 ) . The 
f i nanc ial  returns f r om lamb sales are summari sed in Table 2 . 3 1 .  
Despi t e  lower c a r c a s s  weight s ( Table 2 . 3 2 ) ,  the high perf ormance f lock 
a c hieved higher pr ices  per ki logram than t he low perf ormanc e f lo c k ,  
except at the hi ghe s t  stocking r a t e  opt ion ( Table 2 . 3 1 ;  a l s o  r e f e r  t o  
Table 2 . 1 3 ) .  Unlike woo l  income , chang e s  i n  the lamb schedule d o  not 
a f f ec t  t he pro f i t  margin between the two f l o cks t o  a large degree . A 
2 0  c e nt s  per kilogram change in the lamb s c hedule causes  a per hec t are 
change in t he marginal profitability be tween the two f lo cks by $ 2 . 6 0 
t o  $ 3 . 04 per he c t are . 
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The C omponents  of T o t a l  Sheep I ncome f o r  the 1 00 %  and 
1 32 %  F l ock . 

100% Flock 
Stocking Ra t e  

1 2 . 5  S .  U .  / HA 1 1  . 5 S .  U .  /HA 1 0 . 5  S .  U .  / HA 

$ 3 1 , 886 ( 8 3 . 1 )  $ 3 8 , 9 7 8  ( 86 . 7 )  $ 3 7 , 005  ( 8 7 . 2 )  
$ 6 , 4 90 ( 1 6 . 9 ) $ 5 , 9 7 1  ( 1 3 . 3 )  $ 5 , 4 5 2  ( 1 2 . 8 )  

Total I ncome $ 3 8 , 3 7 9  $ 4 4 , 9 4 9  $ 4 2 , 4 5 7  

1 3 2 %  Flock 
Stockin_g_ Ra t e  

C omponent 1 1 . 0  S .  U .  /HA l 0 .  0 S .  U .  / HA 9 .  0 S .  U .  / HA 

Lamb sales $ 3 6 , 1 4 9  ( 84 . 7 )  $ 4 7 , 5 3 2  ( 88 . 9 )  $ 5 3 , 688  ( 8 1 . 0 )  
Ewe sales $ 6 , 5 0 7  ( 1 5 . 3 )  $ 5 , 9 1 5  ( l l . l )  $ 5 , 3 2 4  ( 9 . 0 ) 
Tot a l  I ncome $ 4 2 , 6 5 6  $ 5 3 , 4 4 7  $ 5 9 , 0 1 2  

* *  No t e  the f i gur e s  i n  bracke t s  repre s e nt the perc ent age o f  t o t a l  
income . 

Table 2 . 3 1 A Breakdown of the C ompo nent s o f  Lamb Meat I nc ome f o r  
the 1 00% and 1 3 2 %  Flo cks . 

l OO% F l o ck 

Stocking Rat e  Average Lamb P ri c e / kg Return/HA Re turns / Ewe 
( S .  U .  /HA) Price ( $ /HD ) ( $ / kg) ( $ /HA) ( $ / Ewe ) 

1 0 . 5  1 8 . 7 8 $ 1 .  1 0  1 1 4 $ 1 2 . 6 6 
1 1 . 5  1 7 . 34 $ 1 . 2 8 120  $ 1 2 . 1 8 
1 2 . 5  1 2 . 6 0 $ 1 . 1 6 98 $ 9 . 1 7 

1 3 2 %  F l o c k  

9 . 0  2 1 . 6 6 $ 1 . 3 8 1 6 5  $ 2 1 . 30 
1 0 . 0  1 6 . 5 7 $ 1 . 3 4 1 46 $ 1 6 . 98 
1 1 . 0  1 1 . 1 0 $ 1 . 1 3 1 1 1  $ 1 1 . 74 
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Lamb Meat Produc t ion I nd i c e s  for the 1 00% and 1 3 2%  
Flocks . 

L amb Meat Production I ndic e s  

S t ocking Rat e  Average Carc a s s  kg / S . U .  kg / HA 
( S . U . / HA )  Weight ( kg) 

1 0 . 5  1 7 . 00 9 . 8  1 0 3  
1 1 . 5  1 3 . 60 8 . 2  9 4  
1 2 . 5  1 0 . 90 6 . 8  8 5  

9 . 0  1 5 . 6 7 1 3 . 2  1 1 9  
1 0 . 0  1 2 . 3 9 1 0 . 9  1 0 9  
1 1 . 0  9 . 82 8 . 9  98 

The low s t oc ki ng rat e / l ow performanc e flock produ c e s  heavily 
d i sc ounted c a r c a s s e s  due to the model struct ure , whic h  r e quires that 
a l l  f e e d  produced be c onsumed . This me ans that a t  l ower s t ocking 
r a t e s , l ambs are r e t ained unt i l  s urplu s  f eed i s  u sed up , whereas i n  
reality a f a rmer would a t t empt t o  s e l l  the lambs f or the b e s t  pri c e , 
and divert t he surplus f ee d  to  improving t he liveweight o f  capit a l  
s t o c k .  Thu s , t h e  l ow stocking rate  opt ion f or the low per f o rmanc e 
flock c ould  be c on s idered unrea l i s t ic and i t  should b e  exc luded f r om 
the comparison o f  the two f locks . 

D i f f erenc e s  in c o s t s  be tween the two systems were be tween 4 . 9 % 
and 7 . 0% on a per s t ock unit basi s ( 8 . 0% - 8 . 2 % on a per hec t are ba s i s  
( Table 2 . 2 7 ) ) .  E s sentially the high perf ormance f lock h a s  higher per 
stock unit c o s t s  due to  the higher number o f  lambs per ewe that mu s t  
b e  shorn and drenche d .  H owever , the l ow performanc e f l ock has higher 
per hec t ar e  c o s t s  due to t he e f f e c t  of s t o c king rate . Thi s t rend i s  
inter e s t i ng t o  no t e ,  considering t hat l ower stocking r at e ,  hi gher 
perf ormanc e syst ems have been advoc ated  as a means of reduc ing c o st s .  

2 . 1 0 . 2  Within Flock Profit ability Compari son . 

I f  the l ow s t o c king rate , l ow perf ormance opt i on i s  i gnored 
because of  the mode l ' s  limi t a t i ons , the between f lock d i f f er enc es in 
pro f i t ab i l i t y  are only o f  t he order o f  6 % ,  c ompared t o  7 %  t o  1 3 . 6 % f or 
wi t hin f lo c k  d i f f erenc e s . This sugge s t s  t ha t  at ei ther level o f  
performance larger gains in pro f i t ab i l i t y  ( $ 5 , 6 78  - $ 1 0 , 6 8 8 ) c an be 
made by r unning a l ow s t o cking rate system.  

The l ow s t o c king rate  options produce more woo l  per s t ock unit 
( Table 2 . 2 8 )  because  l ambs are r e t a ined longer , and c onsequently mor e  
l amb s are s horn . Thu s ,  there i s  a curvi linear increase i n  woo l  
produc t i o n  p e r  hec t a r e  a s  stocking r a t e  inc reases rather t han the 
exp e c t ed s t r ai ght line re s ponse . Thi s i s  r e f l ected in di f f erenc e s  
between t he woo l  i nc ome indices  o f  $ 8  - $ 9 / HA between the l ow and 
med ium s t oc ki ng r a t e  opt ions whil e  t ho s e  between the med i um and high 
s t o cking r a t e  o p t ions  are minor ( Table 2 . 2 7 ) . 
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Similarly ,  pro fitabi lity increases wi th decrea sing s t ocking r a t e  
because of higher lamb returns . The low stocking rate  sys t em allows 
lambs to be ret ained f or longer , and hence reach heavier carc a s s  � 

we ight s . Thi s provides  a number of advant a ge s .  F i r s t , t he per head 
ki l l ing charge is s pr e ad over more ki l o grams o f  carcas s .  Sec ondly a 
heavy , l ean car c a s s  for  which t he largest  pr emiums are paid can be 
produced ( Table 2 . 3 3 ) . C ombined , these factors  provide not only the 
highest return per ki l o gr am and per carca s s ,  but a l so t he highe s t  
return p e r  hec t are ( Table 2 . 3 1 ) . Lamb r eturns are t herefore 4 9 %  higher 
for the l ow s t o cking rate  option . 

Table 2 . 3 3 The Proport ion of Lambs in the Dif ferent Grades for  t he 
Two Flocks at Three Stocking Ra t e s . 

1 00% Flock 

C a r c a s s  Grade 1 0 . 5  S .  U .  / HA 1 1 . 5  S .  U .  / HA 1 2 . 5  S .  U .  / HA 

ALPHA 
YL 3 2 . 9 % 100%  
PL 
YM 45 . 9 % 
PM 3 2 . 6 % 2 1 . 2 %  
YX 0 . 8% 
PX 6 6 . 6 % 

Average pri c e / kg $ 1 . 1 0 $ 1 . 2 8  $ 1 . 1 6  

1 3 2 %  F lock 

C a r c a s s  Grade 9 . 0  S . U . /HA 1 0 . 0  S .  U .  /HA 1 1 . 0  S .  U .  / HA 

ALPHA 6 . 6 % 3 9 . 6 % 3 8 . 4 % 
YL 4 6 . 1 % 
PL 
YM 5 8 . 8% 1 5 . 5 % 
PM 3 2 . 0% 
YX 6 1 . 4% 1 .  6 %  
PX 
TM 

Aver age Pri c e / kg $ 1 . 3 8 $ 1 . 3 4 $ 1 . 1 3 

The cost  struc ture increases  as s t ocking rate  decrease s ,  both o n  
a per stock unit and a per hectare ba s i s . Thi s i s  d u e  t o  a n  i ncrease  
in l amb dr enching , and l amb shearing c o st s .  

Although this analys i s  shows that i n  the c a s e  o f  the high 
per f ormanc e  f lock ,  t he l ow stocking r a t e  option is the mo s t  
prof i t a bl e ,  t he f e a s i b i l i t y  of t h i s  o p t i on w a s  que s t i o ned in Sect ion 
2 . 9 . 2  due to  the low levels o f  pasture c over t hat the sys t em 
g enerat e d . 
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2 . 1 1 C onc lusi ons . 

The obj ec t ives of thi s part of the study wer e  -

1 )  To  det ermine the va lidity of the hyp ot he s i s  t hat the 
f ee d  requirement s o f  a high performanc e f lock better 
mat ched t he f e ed supply o f  Ma s sey Univer s i ty ' s  Tuapaka 
hill  c ount ry uni t , than a low perf ormanc e f lock run at 
a higher s t oc king rate . 

2 )  To  c ompare the pro f itabi l i ty o f  a high performanc e f lock 
with t ha t  o f  a low performanc e flock run a t  a higher 
s t ocking r at e . 

A mod e l , inc orporat ing feed budget and gro s s  margin sub-models  
wa s constructed t o  s imulate  a 1 00% and 1 3 2% lambing f lo cks run a t  
d i f f erent s t o cking rat e s . The conclusi ons that c an b e  drawn from the 
outpu t  of this model are : 

1 )  A low stocking rate high performanc e f lock offers  lit t le 
advant age over a low perf ormanc e f l o c k  run at a higher 
stocking rate  in t e rms o f  matc hing f eed demand wi t h  f e ed 
supply . 

2 )  A high perf ormance f lock i s  mar ginally ( 3 % - 8% ) more 
pro f i t able t han a l ow per f ormance f lock run a t  a higher 
s t oc king r a t e . Thi s small  diff erence could be erased by 
chang e s  in the relative prices of woo l  and lamb , the two 
ma j or c ompo nent s of pr ofi tability . 

3 )  A low s t o c king rate option at e i ther l eve l o f  
performanc e ,  i s  more pro f i t able than a high s t o cking 
rate  system,  provided lambs are s o ld prior to ente r ing 
a grade that is heavily d i s c ounted because o f  exc e s s ive 
fat c over . 

4 )  The validity of some par t s  o f  t he analys i s  i s  
que s t ionable due t o  limi t at i ons imposed  by t he feed 
budgeting approach . For example , the f eed budget ing 
technique f a i l s  t o  t ake into account t he e f f e c t  of 
pas t ure c over on pasture growth r a t e s  and animal int ake . 
This may c ause the analy s i s  t o  over- e s t imat e  the 
produ c t ion obtained from the low s t oc ki ng r a t e  opti ons , 
where pasture c over remai ned be l ow a c r i t i c a l  level 
o f  1 000 kg DM/HA for a period o f  f our to f ive months . 

5 )  The f eed r e quirement tables provide no information on 
t he expe c t e d  leve l s  o f  woo l  produ c t ion for d i f ferent 
s t ock c la s s e s  given some leve l o f  int ake , or  on t he 
e f f e c t  o f  d i f fer ent level s  o f  int ake over t he perio d s  o f  
g e s t a t io n  and lactat i on o n  anima l performanc e .  

I 
I 

• I 
. I ' 
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Chapter Thr ee 

The Limitat i ons o f  the Feed Budge ting Technique . 

3 . 0  I ntrodu c t ion . 

I n  the previous Chapt er a number o f  weakne s se s  o f  the feed 
bud g e t i ng approach used were out l i ned . E s sent i a l ly these c entred o n  

1 )  The i nability o f  the model t o  t ake into acc ount the 
intera c t ion be tween pasture cover , pa s t ure growth r a t e s  and 
anima l per formanc e .  

2 )  The e f fect  o f  sea sonal variation in pa s t ure growth rat e s  o n  
levels o f  animal performanc e . 

Construction of the f eed budget  model in Chapter Two also 
highlighted the i nadequacy o f  publi shed f eed requirements  t ables  f or 
New Zealand hill c ount ry f armi ng .  I n  part i c ular inf orma t i on i s  lacking 
wi th re spect t o  : 

1 )  Ewe liveweight chang e s  over lactat ion when o ne , two or  three 
lambs are reared , and the e f f ec t  o f  lamb growt h rates at 
o ther t han 200 gm/ DAY . 

2 )  The e f f ec t  o f  ewe livewei ght l o s s  on lamb and woo l  
produc t i o n .  

3 )  The pr egnancy requi rement s f o r  a ewe which does  n o t  maintain 
c o nceptus-free body weight and produc e ei ther a 5 . 0 kg s ingle 
lamb , or a set o f  4 . 5  kg twin lamb s . 

4 )  The relat ionship between f e ed int ake and woo l  produ c t i o n  f o r  
dif ferent stock c la s s e s . 

Thi s lack o f  data make s it  d i f ficult  t o  model animal/ pa sture 
r e l a t i o nships f or f locks o f  d i f f erent performance leve l s  o n  hi l l  
country . However ,  a number o f  sophi sticated  models  have been developed 
in a n  a t t empt t o  overc ome t he problems d e sc r ibed above ( e . g .  Wri ght , 
1 9 7 0 ; Bircham , 1 984 ; McC al l , 1 9 84 ) . A fundamental que s t i o n ,  however , 
i s  whet her t hese more detai led modelling a pproache s ,  genera t e  answer s  
whi c h  a r e  more realistic  and whi ch have a s  a c o nsequenc e ,  grea t e r  
r e s e arch and prac t i cal  applic a t i o n . The advant ages  o f  s imp le f eed 
bud g e t s ,  such a s  those whic h  can be c o nst ruc t ed o n  s preact sheet s ,  are 
l ow c o s t , great er user-fri endl ine s s ,  l e s se r  data requ ir ements  and 
e a s i er adapt abi l i t y .  In contra st , a larger s imu la t io n  mod e l ,  which 
a t t empt s to  inc orporate a l l  ( or a large propor t i o n )  of  the 
r e l a t i onships ( interac t ions ) of  a f arm produc t i o n  syst em are mor e  
expe ns ive t o  construc t ,  generally need t o  b e  programmed and t end t o  be 
i n f l exible at the farm leve l .  The purpose  of thi s chapt e r  is t o  
i nv e s t igate  the dif ferences be tween a detai led hill  c ountry s imu l a t i o n  
mod e l  a nd t he s imple spreadshe e t  f e ed budget  model d e s c r ibed i n  
Chapt er Two . The i nit i a l  s e c t i ons o f  t he chapt er inc lude a li t e ra tu r e  
review o f  anima l int ake , p a s t u r e  quality , p a s t u r e  growth r a t e s  and 
p a s t ure c over , and the int erac t ions  betwe en these . 
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3 . 1 The Re lationship Between Pasture C over and P a sture Growt h 
Ra t e . 

Average pasture growth rat e s  ( whi c h  wer e  f ixed irre spect ive o f  
the level of pasture c over ) ,  were used f o r  t he analys i s  i n  Chapt er 
Two , despite diff erenc e s  in leve l s  o f  pasture  cover o f  300 - 500 kg 
DM/HA at cert ain t imes of the year . 

Early work by Brougham ( 1 9 5 5 ) ,  however , ind i c a t ed t hat ryegr a s s  
f o l l owed a s i gmoidal growth c urve with respect  t o  p a s t ure c over . Later 
work by Hunt ( 1 9 7 1 ) and Leafe et  a l  ( 1 9 7 4 ) c onfirmed t hi s ,  but i t  wa s 
not unt i l  much later work by Bircham ( 1 9 8 1 ) and Hodgson and Maxwe l l  
( 1 9 8 4 ) t hat s ome a t t empt wa s mad e  t o  quant i f y  the e f f e c t  o f  pa sture 
c over on pasture g r owth rat e . 

Bir c ham ( 1 984 ) d eve l oped a p a sture mo d e l  f or a sward under 
c ont i nuous grazing over the period lambing t o  weaning . Bircham 
c onsidered t hat pa sture growth r a t e s  were t he produ c t  o f  the pot ent i a l  
( environment a l ly po s s ibl e ) growt h r a t e  and a dimensi onle s s  multiplier  
that d e s c ribes the r e l a t i onship be tween p a s t ure c over and pasture 
g r owth r at e . The mod e l  redu c e s  p a s t ure growt h rates at pa sture cover 
levels  below 1 000 kg DM/ HA and above 2 000 kg DM/ HA . 

Hodg s on and Maxwe l l  ( 1 984 ) f ound that under c ont inuous stoc king 
f o r  s pring sward s ,  pasture growth r a t e s  incre ased wit h  increa sing 
pa s t ur e  c over u p  to 1 000 kg DM/ HA . However ,  pasture sene s c ence 
increa sed linear ly with increa sing pasture c over so that net herbage 
produ c t ion reached a maximum be tween 1 00 0  - 1 5 00 kg DM/HA . 

The work by Bircham ( 1 9 84 ) and Hodg s on and Maxwe l l  ( 1 984 ) 
sugge s t s  t hat pastur e  growth r a t e s  are r e l a t ively const ant over the 
r ange 1 00 0  - 2 000 kg DM/HA . Be l ow 1 000 kg DM/ HA p a s t ure growth r a t e s  
are r educ ed d u e  t o  below optimum leaf  area , and above 2 00 0  k g  DM/HA 
pas ture growth r at e s  are reduced due to  high level s  o f  pas ture 
sene s c enc e .  Thi s sugg e s t s  that f or s ome par t s  o f  the feed budget 
analysi s  i n  C hapter Two , where pasture c over level s  fall be low 1 000 kg 
DM/HA , the re sul t s  may not be va lid . 

3 . 1 . 1  The E f f e c t  o f  P a s t u�e C over on Animal Int ake . 

A number o f  workers ( During e t  a l , 1 9 80 ; Rat t ray et a l ,  1 9 80 ; 
Mi l ligan,  1 9 8 1 ) have r� l a t ed anima l intake t o  po s t - grazing residual 
dry mat ter leve l s  ( kg DM/HA) . Others have r e l a t ed animal int ake to  
pa s t ure a l l owance  ( kg DM/ HEAD/ DAY ) ( J agu s c h  e t  a l , 1 9 7 9 ; Ratt ray , 
1 9 8 0 ; Rat t r ay et  a l , 1 9 80 ) . I n  bo t h  c a s e s  animal i nt ake incre a s e s  
c ur v i linear ly wit h  e ither inc reasing res idual d r y  mat t er l evels or  
i n c r e a s ing a l l owanc e .  

Bircham ( 1 98 4 ) ,  and Hodgson and Maxwe l l  ( 1 9 84 ) ,  have s ince 
r e la t e d  animal int ake to pasture c over under c ontinuous grazing 
c on d i t i ons . Bircham found that ewe and l amb int ake increased wi th 
inc r e a s ing p a s t ur e  c over u p  to  l eve l s  o f  2000 kg DM/HA . However , to 
a c hieve pa s ture c overs o f  2 000 kg DM/HA under  s e t  s t oc king , low 
s t o cking r a t e s  wer e  r e quired . Hodgson and Maxwel l  ( 1 9 8 4 ) c alculated 
that to maximi s e  t o t a l  animal produc t i o n ,  ewe s and l ambs should be s e t  
s t o c ked o n  swards t hat wer e  maint ained at be tween 1 0 0 0  - 1 500 kg 
DM/HA.  
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Anima l int ake i s  a l so dependent o n  pasture quality . J agu sch e t  a l  
( 1 9 7 9 ) f ound that lamb int ake s increa s ed wi th increasing herbage 
qua li t y .  Thi s has been a s s o c iated wi th shor ter rumen r e t ention t ime s 
o f  dry mat ter ( Ul lyat t ,  1 9 7 1 ) .  P a s ture quality has tradit ionally been 
descr ibed in t e rms o f  organic ma t t er digestibility ( OMD )  ( Minson,  
1 9 8 2 ) .  However changes in OMD are larg e ly a r e sponse to  dead herba ge , 
but animal re sponse i s  unre lated t o  the dead c ont ent o f  pasture and 
more c l o s ely related to  green dry ma t t er than t o t a l  herba ge mas s  o r  
allowance ( Rat tray and C lark,  1 9 8 4 ) .  

Butler ( 1 986 ) f ound st rong e videnc e that d i f f erenc e s  in anima l 
performanc e when grazing reprodu c t ive pastures was due pr imarily t o  
the quant i ty o f  leaf  lamina i n  the sward , and secondly to  the relat ive 
quant i t i es  and dis tribution of lamina and s tubble . He c onc luded that 
pasture quality was largely det ermined by the quant ity of leaf  ma s s  o r  
allowanc e ,  i . e .  " leaf quant ity i s  pa sture qu ali ty" , probably mod i f i e d  
under c ertain co nd it ions b y  t h e  pre senc e o f  repr oduc tive st ubbl e . 

I n  conc lus ion animal int ake i s  d ependent on both pasture quality 
and pa sture cover . The feed  budgeting method d e s c r ibed in Chapter Two 
took no ac count o f  these f a c t o r s . Ewe and lamb int ake s a ppear to be 
redu c e d  at pasture c over levels  below 1 000 kg DM/HA under set 
s t o c king . Some opt ions studied ac hieved pasture c over leve l s  be low 
this l evel during early lac t a t i o n ,  and a s  a r e sult  anima l perf ormanc e 
i s  like ly to be l ower than predi c t ed . Simi l arly pasture quality wa s 
det e rmined prior t o  analysi s ,  and no a c c ount wa s t aken o f  the f a c t o r s  
that c an inf luenc e qua lity . 

3 . 1 . 2  The Factors  That E f f e c t  Pasture Qu ality.  

Pasture quality c an be defined in uni t s  o f  me taboli sable energy 
per unit of dry matter ( MJME / kg DM ) , or in t erms o f  d i g e s t ibility , 
wher e  digestibility i s  defined a s  the t o t a l  amount o f  nutrients  per 
uni t of f eed int ake available t o  the animal ( a s a per c entage of t o t a l  
int ake ) ( Pappi , 1 9 8 3 ) . Pasture quality i s  dependent o n  t he levels o f  
green and dead herbage i n  t he sward . Rat tray ( 1 9 7 7 ) f ound that pasture 
qua l i t y  f o l l owed a seasona l pattern,  pe aking in early spring and then 
d e c l i ning over late  spring / summer t o  a low in February , be fore 
inc r e a s ing again . Sward d i g e s t ibility has  been re lat ed t o  the 
proport i on o f  dead herbage in the sward ( L e a f e  e t  al , 1 9 7 4 ; Ratt ray ,  
1 9 7 8 ; Kor t e ,  1 9 8 1 ) . For example , the digestibility o f  dead ma tter was 
me a s ured at 36% c ompared t o  80% f or green ma t erial  by Ra t t r ay ( 1 9 7 8 ) . 

Leaf  death i s  direct ly r e l a t ed t o  the amount of herbage present 
( Hunt , 1 9 70 ) . I n  a re-evaluation o f  Hunt s ' d a t a , Kor t e  ( 1 9 8 1 ) showed 
that herbage died at a rate of 0 . 8% of the amount of green herbage 
pre s e nt in the sward on a dai ly basis  ( kg DM/ HA/DAY ) , regard l e s s  o f  
s t a g e  o f  growth o r  shading . However , s everal workers have f ound that 
leaf death i nc r e a s e s  wi th increasing mo isture  stress and t emperature 
( Le a f e  et  al , 1 9 7 7 ; Chu , 1 9 7 9 ; B owan e t  al , 1 9 82 ) . 
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P a s ture g r owth rat e s  over  the s pr i ng period increase  ini t i aily 
because  o f  an  increase i n  leaf  and t i l ler numbers , and sec ondly due to  
the a c t ive growth o f  s t ems that are in the  reprodu c t ive state  
( Radc l i f f e , 1 9 74 ) . Thi s r ap id growth of  reprodu c t ive t i l l e r s  c au s e s  
intense c ompet i tion for  nut rient s and wat e r  and many younger 
veg e t a t ive t i l l er s  die ( Langer e t  a l , 1 9 6 4 ) .  I n  add i t ion , new 
t i l le ring i s  severely inhib i t ed by growth sub st anc es  produ c ed by t he 
reproduct ive t i l l e r s  ( J ewi s s , 1 9 7 2 ) . 

The se two f a c t or s  c ombine t o  c au s e  a maj or d e c line in green l ea f  
produc t i on ,  i f  t h e  reproduc t ive t i ll e r s  a r e  not removed ( Korte et a l , 
1 9 82 ) .  Furthermo r e , this  s t em ma terial i s  largely r e j ec t ed by animal s  
( Ko r t e  e t  a l , 1 9 8 2 ) and subsequent ly d i e s . The early removal o f  t he 
influore s c enc e t hr ough grazing c an therefore redu c e  the impact o f  t he 
r e pr oduc t ive growth pha s e  and the sub s e quent accumulati on o f  dead 
ma t t er ( Kort e ,  1 98 1 ) .  

The pastur e  quality o f  feed consumed by the grazing animal t ends 
to be higher than t he p a sture quality of the sward be cause of the 
grazing animal s  ability t o  s e l e c t ively graze . Grazing animals exhibit 
s e l e c t ion t hrough t he choice of grazing si t e ,  then of bite within that 
site ( Mi lne e t  a l , 1 9 82 ) .  They cons i s t ently select  more leaf  than 
s t em ,  and more green t han dead ma teri a l , c ompared t o  the sward from 
which it  i s  harve s t ed ( Guy , 1 9 7 9 ; Genty , 1 9 83 ) . 

I n  c ontra s t , Hodgson ( 1 9 6 6 )  not ed that the upper mo s t  l eave s wer e  
mo s t  f r equent ly g r azed . H e  a l s o  considered that d e liberate cho i c e  i s  
no t i nvolved exc ept  in swards o f  low d i g e s t ibi l i t y ,  and that the 
c omp o s i t ion o f  the anima l s  diet  i s  s imilar t o  the c ompo s i tion o f  the 
grazing horizon at the top o f  the sward . Hodgson ( 1 9 8 1 ) f ound that by 
mea suring the dig e s t ibility of the sward a t  different height s there 
wa s a c urvi linear increase in dige s t i b i l i ty wi th increasing hei ght . 
Thi s r e f l e c t s  the spat i a l  d i s t ribution o f  l eaf , stem,  and dead 
mat e r i a l . Grazing sheep  are very reluc t ant to pene t rate t he horizons 
of the sward c o n t a i ning p suedostems ( the s t ems together wi th leaf 
shea t h s ) even whe n  herbage int ake i s  sever e ly l imi t ed as a c onsequence 
( B a t hr am ,  1 9 80 ) .  

N o  a c c o unt o f  t he dead/ green cont ent o f  the sward , t he influence 
o f  pas t u r e  c over o n  dead mat t er leve l s  and the result ing l evel of 
pa s t ur e  qua l i t y ,  o r  t he s e l e c t ivity o f  grazing anima l s , wa s t aken in 
t he spread sheet mod e l . 

3 . 2  S imu la t i on Mod e l ling .  

A number o f  omi s sions i n  the spr eadsheet feed budget have been 
ident i f i ed in the previous s e c t i ons . It  is  difficult  to  g auge the 
magnit u d e  of t he s e . C onc eptua l ly at l e as t , t hey could be e s t imat e d  
u s i ng a mod e l  whi c h  d o e s  i nc lude t he biological relat i onships 
d e s cr i b e d  in S ec t io n  3 . 1  - 3 . 1 . 2 ,  t o  analyse ident i c a l  problems t o  
tho s e  analysed by t he spreadsheet feed budget  mod e l  and t hen c omparing 
the out pu t s .  



- 5 5 -

A number o f  pasture - anima l s imula tion models  have been 
deve loped in recent years ( Bir cham , 1 98 4 ; McCal l , 1 9 84 ; Whi t e  et al� 
1 9 86 ) .  H owever o nly one of these  models  ( McC a l l , 1 9 84 ) ,  i s  spec i f ic t o  
Nor th I s land hil l  c ount ry.  

McCall  ( 1 9 84 ) deve loped a compl ex simulation model wi t h  the 
spe c i f i c  obj ective s of : 

1 )  Identi fying t ec hnological const raint s t o  increased 
produc tion from North I s land hill country grazing 
systems by 

( a )  integrat ing re levant knowledge i n  t he f orm o f  a 
mathematical  mode l ,  and ( b )  manipulat i ng t hat mod e l . 

2 )  Evalua t ing the systems approa c h ,  and mod e l ling as a 
too l ,  in aiding r e search management . 

To  a chieve these  obj ec t ives McC a l l  attempt ed t o  integrate  s o i l , 
anima l , and past ure component s in a model o f  a North I s l a nd hi l l  
count ry grazing system.  It wa s bui l t  at a f arm level a nd allowed the 
simulat i o n  o f  graz ing management on a paddock ba sis , a nd anima l s  o n  a 
flock b a s i s . The model addre sses  t he i s sues r a i s ed in the intro duc t i on 
to thi s  chapt er ,  and a s  such c ould be u s ed to  investi g a t e  the 
limi t a t ions  of the simpler spread sheet feed budget ing approac h .  
However , there are a number o f  di f fi c u l t ies  i n  using t he model f or 
thi s purpose , ( di scussed in the next sec tio n ) . 

3 . 3  Discus sion o f  the Applicability o f  Mc Call ' s  Mode l .  

The i s sue that i s  of prime importance i s  the val i d i t y  o f  the 
simu l a t ion  model . McC a l 1  co nc luded that " the model i s  va lid in the 
sense t hat it appears to  show the required realism ( de t ermined 
subj e c t ively) f or the purpose o f  eva luat ing a l t ernative grazing 
stra t e g i e s  o n  North I s land hil l  c o unt ry" . 

H owever , McC all  notes  in a number o f  se c t ions that s ome o f  t he 
ma thema t ical  relationships derived are sub j e c t ive due t o  limitations  
imp o s e d  by the data that wa s avail able .  Thi s identified  areas where 
further re search was required to  a l low a bet t e r  under s t anding of  
c ompo nent relationship s . The se inc luded ; the descrip t i o n  o f  pasture 
growt h a s  a func t i on o f  environment , pasture senescenc e ,  the f a c t or s  
t h a t  a f f e c t  animal int ake , and the qua lity o f  t h e  feed  c onsumed b y  t he 
grazing animal . However , unt i l  such t ime as t he s e  area s  have been 
adequa t e ly d e f i ned and quant if i ed , McC a l l ' s  model remains the mo s t  
comprehensive description o f  hi l l  c ountry grazing sys t ems avai lable . 

There are several practical  problems in u s ing McC a l l ' s  mod e l . The 
s o i l  - p a s t ure c omponent of the model is set-up to simu l a t e  the e f f e c t  
o f  p a s ture c over o n  pastur e  growth rate by u s i ng dai ly c limat i c  dat a . 
Thi s d a t a  ha s not been c o llected  at Tuapaka , but c lima t i c  dat a from 
the nearest  meteorological s t a t i o n  could be modi fied to s imulate  the 
loc a t i o n ,  aspe c t , and altitude for the Tuapaka s it e .  This problem 
could  a l s o  be over c ome i f  pasture growth rat e s  ( the s ame a s  u sed in 
the spreadsheet mode l )  c ould be entered dire c t ly int o the mode l .  Thi s 
i s  o ne o f  t he future obj e c t ives f or further development o f  the mod e l  
( McC al l ,  pers . c omm . ) .  
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Pasture growth in McC a l l ' s  mode l  i s  related to  green pas ture � 
c over , not t o t al pasture cover . Thi s d ivision i s  e s s ent i a l  i n  
mod e l li ng sward dynami c s .  It  is  d i f f i c u l t  to  r e l a t e  this t o  t he simple  
feed  budge t ing a pproa c h ,  where the green and dead  c omponent s o f  t he 
sward are not d i f f erent ia t ed . 

The model a l so r e l i e s  on the r a t i o  o f  green and dead herbage for  
the  c a lculation of  t he ME cont ent of the sward and  the ME cont ent o f  
the diet  o f  t he g razing animal . T o  a c c ommodate the inc lusion o f  the 
dead c omponent in the mod e l , McC a l l  mod e l led the removal o f  dead 
mat t e r  t hrough d e c ay and earthworm ac t ivity.  The s e  ac tivi t i e s  are a l s o  
a func t ion o f  d a i ly c limatic  dat a . 

McC a l l ' s  mod e l  c an r e late animal i nt ake t o  pasture c over , and 
pasture qua lity , a l though these are r e l a t ed to t he green and dead 
c omponent s of t he sward rather t han t o t al pasture cover . The animal 
c omponent of t he mod e l  can therefore addre ss the i s sues r aised  in 
Sec t i o n  3 . 2 . 1 .  I t  c an a l s o  produce output in terms of woo l ,  l ivewei ght 
gain ( or loss ) ,  t he produc t s  of pregnanc y ,  ewe mi lk yield and 
subsequent lamb g r owth ra t e s ,  for a given leve l of int ake . Al l t he s e  
variables c a n  b e  changed s imply by a l t e ri ng the level o f  nut r i t i o n .  

The mod e l  w a s  desi gned to  s tudy a who le farm situat i o n ,  and 
operat e a t  a paddock by paddock manag ement leve l . The mode l  has 4 0  
" paddocks " , around whi ch the operator c a n  "manage " a number o f  mob s  o f  
sheep . Thi s crea t e s  a number of problems i f  the output from t he s impl e  
spread sheet feed budget i s  t o  be c ompared t o  the output from the 
simu la t ion mode l .  F i r s t , t he simple  feed budget t akes no account o f  
on- f arm management i n  t erms of feeding mobs of sheep i n  paddocks a t  
different leve l s  o f  pasture cover . I t  would be a ma j or exerc i s e  t o  
c r e a t e  a year round management plan for t he simulation mod e l  that 
mimic ke d  t he simp l e  feed budget . Sec ondly , the ana lysis o f  woo l  
pr o duc t ion requ i r e s  t he feed int akes u s ed in the s imple f e ed budget 
analysi s to be entered directly into t he s imulation model . The 
simu la t ion mode l  d o e s  not have the capacity to accept dir e c t ly ent ered 
anima l int ake data  because animal int ake i s  a func tion of the grazing 
manag ement imposed  on t he "model f lock" on a paddock by paddock basi s .  

I n  summary , the operation o f  the mod e l  does not allow it t o  b e  
readily adapted t o  a specific  farm situat i o n ,  such a s  Tuapaka . I n  
addit ion , t h e  mode l  is  n o t  " u ser- friend ly" . F o r  example , a number o f  
runs have t o  b e  made t o  set  u p  the s t a r t  c ondit ions f o r  a s tudy . Thi s 
make s i t  d i f f i c u l t  t o  analyse particular  periods o f  the year , or 
spec i f i c  s t ock c l a s se s . The output from t he mod e l , produced on a daily 
basi s , i s  also  d i f f ic u l t  t o  int erpret . 

3 .  4. Summary. 

The f eed bud g e t ing approach ha s a number o f  limit ations , which 
t he l i t eratur e  r eview indic ates , could have a signific ant bearing on 
the validity o f  ana lysis  perf ormed in C hapter Two . The analysis  o f  the 
impac t  of t he se limi t a t ions i s  c omplic a t ed by the lack of data , but 
c ou l d  be  e s t ima t e d  by c omparing the r e s u l t s  o f  the s impl e  spreadsheet 
f eed budget wit h  t ho s e  of a more s ophi s t i c a t ed simu lation mode l . 
McC a l l  ( 1 98 4 ) developed such a model for  North I s land hi l l  c ountry 
grazing sys t ems . H owever ,  in its  current f orm it  i s  unsui t e d  to c arry 
out  the requi red analysi s .  
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I t  wa s concluded that a user-friendly spread sheet  model  c ou ld b e  
bui l t  u sing the ma thematical  relat ionships d e f i ned by McC al l , 
spe c i f ica lly for t he purpo se o f  e s timat ing the e f f e c t ivene s s  o f  the 
simple  feed budgeting analysis used  in Chapter Two . 
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Chapter Four 

C onstru c t i o n  of Simu l ation Mode l s . 

4 . 0 Int roduc t ion . 

I n  t hi s  c hapter the constru c t i on o f  spread sheet mod e l s , t o  s t udy 
in greater d e t a i l  two areas of the ori ginal f e e d  budget analysis -
woo l  produc t ion and the interact ion between pasture c over , pasture 
growt h  rate and a nima l  int ake i s  described . I n  the pr evious c hapter i t  
wa s shown t hat the se aspe c t s  were mo s t  likely to  redu c e  t he a c c uracy 
of  the r e sul t s  generated by the s impl e  f eed budget ing met hod adopted 
in Chapter Two . 

I t  wa s d e c ided t o  c onstruct the models  u sing spread sheet 
t ec hnol ogy f or the same reasons as tho se out lined in S e c t i on 2 . 1 .  I n  
addi t i o n ,  the spreadsheet program run on a personal c omput e r ,  overc ame 
the two ma j or d i s advantages of McC a l l ' s  model - that it wa s not u ser
friend ly and that access  wa s limi t ed t hrough the use  o f  a mainframe 
c omputer . The d evelopment o f  models  on a per sonal c omputer would a l l ow 
them t o  be used  widely for  extension , t eaching and on commercial  
propert i e s . 

Mic r o so f t ' s  Multiplan spreadsheet program ( 2 5 0  lines deep by 6 0  
c o lumns wi de ) was u sed . Thi s was t o o  sma l l  to  a c c ommodate McC a l l ' s  
mod e l  in i t s  ent i r e t y .  Thi s probl em wa s overc ome by building smaller  
sub-mod els  t o  d e s c r ibe part icular aspe c t s  o f  the  sheep f arming system . 
I n  some c a s e s  the s e  sub-models  c ould be  linked together s o  that 
inf orma t ion gene r a t ed by one could be used  as input for t he other . 

4 . 1  The Animal Sub-models . 

McCall ' s  mod e l  u s ed input da t a ,  and produ ced  o ut put data on a 
daily bas i s . One a im in deve loping the new mode l s  was t o  s implify both 
i nput and output procedure s . Animal intake ( MJME / HEAD/DAY )  woul d  be 
entered and produ c e d  on a monthly or half mo nthly basi s . 

4 . 1 . 1 The Replac eme nt S t ock Mode l . 

The replac ement s t o ck mode l ,  s imu l a t e d  an imma ture dry female  
sheep  over  the  period o f  weaning t o  two t ooth shearing ( la t e  
February ) .  Thi s mod e l  wa s o n e  o f  the l e a s t  c ompl ex t o  bui l d ,  and 
provided a base f r om whic h  t o  build l a t e r  animal sub-mode l s . The 
s t ru c ture i s  l a i d  out in Table 4 . 1  . The input� r equired to run t he 
mod e l ,  include d : the liveweight o f  the ewe lamb at weaning , the f le e c e  
weight o f  t he ewe l amb a t  weaning , t he shearing dat e s  f or lamb s ,  
hogge t s  and two t o o ths , the mean birth date  for t he ewe l ambs , the 
average green pasture  c over f or each month from J anuary until February 
t he f o l l owing year , the monthly pasture qua lity values ( MJME / kg DM ) 
f o r  t he year and t he average daily int ake ( MJME / HEAD /DAY ) f or each  
month f r om J anuary unti l  F ebruary the  f o l l owing year . 
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The Replace�ent Stock Hodel . 

loot FLOCK EWE IIWGET REPLACEHEIIT GROWTH PROFILE 

================================================= 

'" 

o . 25 
:.!3. 75 

6 

10 

6 

258 
------------------------ -------------------------------------------------------------------------------------------... : 

tKJNIH JAil HB - - - - - - - - - - NOV IJEC JAif FEB 
' -- - - --------- - --------------- -------- ------------- - - - ... ............... ... ... ... ... ... ... .................. ... ... ..................... ... ......... ...... ..... --------
I 

lSTlHAIEU GREEN COVER 10UU l UUU - - - - - - - - - - 1 1 00 1050 1000 1000 

PASTURE QUALI TY 1 0 . 3  9 . 3  1 1  1 1  1 0 . 3  9 . 3  

Laab i ntake (kgliH/hd/d) 1 . 0 7  1 . 24 1 . 73 1 . 88 1 . 20 1 . 20 

Potential  I ntake 1 . 1 1  0 .  97 - - - - - - - - - - 1 .  98 1 . 79 1 . 55 1 . 23 

J IWUT " INTAKE HJHE/HI!/I!Af 1 1  1 1 . 5  1 9  20.65 13 . 95 1 4 . 25 

HIE I (tlJHE/hd/d) 1 1 . 0 1 1 . 5  1 9 . 0  20. 7 1 2 . "  1 1 . 2 

NEW (KJHE/hd/d) "2" 347 371 427 470 338 

HE! (HJHE/hd/dl 10 . 6  1 1 . 2  1 8 . 6  20 . 2  1 1 . 9  1 0 . 8  

Intake Ca lculations 

L . W .  effect . 30 . 0 30 . 0 "8 . 2  52 . 7  55 . 6  56 . 2  

Age ef fee t .  30 . 0  30 . 0  50 . 0  50 . 0  50 . 0  50 . 0  

l 50 k g  eflect . 30 . 0  30 . 0  48 . 2  50 . 0  50 . 0  50 . 0 

Hax Intake XL . W .  5.  5 5 .  5 3 . 8  3 . 6  3 . 6  3 . 6  

Actual inta�e X LW . 4 .  5 3 . 6  3 . 7  3 . 6  3 . 2  2 . 5  

l50 k g  effect 1 . 00 1 . 00 1 . 00 0 .  9" 0 . 88 0 . 87 

Potential  1 ntake 1 . 1 1  0 . 9 1  1 . 80 1 . 79 1 . 55 1 . 23 

Shearing Effect 1st  •onth 1 .  00 I .  00 1 .  uu 1 . 00 1 . 00 1 .  00 
Shearing Effect 2nd month 1 . 00 I .  uu 1 . 1 0 1 .  00  I .  00  1 .  00 

TRUE POIENTIAL INTAKE 1 . 1 1  0 .  97 1 .  98 1 . 79 1 . 55 1 . 23 

Accessabi l i ty Factor 1 . 1 73 1 . 1 73 J . J l q  1 . 136 1 . 1 73 1 . 1 73 

La�b Age (years) O . J  0 .  4 1 . 5  1 . 5  1 . 6 1 . 7  

KM 0 .  71  0 .  70 0 .  73 U .  73 0 .  71 0. 70 

fHPl 3 . 3  3 . 3  4 . 3 4 .  6 4 . 8  " - 8  

FHP2 5 . 1  5 . 1  6 . b  7 . 1  7 . 4  7 . 4  

HEM 7 . 1  7 .  J 9 . 1  9 . 8  1 0 . 3  1 0 . 6  

Ha i ntenance Requ i resents 8 . 3  8 . 5  10 . 2 1 1 . 1  1 2 . 1  1 2 . 5  

Wool Requirements 0 . �  O . J  0 . 4  0 . "  0 . 5  0 . 3  

Energy for gain l . U  1 . 1  4 . 0  4 . 4  1 . 1 0 . 1  

Wool growthrate (ga/d I 25 21 22 25 28 20 

Bodyweight gain (gt/d l 6" 64 1 49 149 37 " 

final  Li veweight 26 . 8  29 . 1  51 . 9 57 . 3  59.3 59 . 9  

Fleece free L . W .  25 . 7  2 7 . 5  5 0 . 4  55 . 0  56 . 1 56.3  

final fleeceweight l . U 1 . 6  1 . 5  2 . 2  3 . 1  3 . 7  

Actual Liveweight gain (ga/d) 89 84 1 7 1  174 65 24 

Shorn Fleece ( kg )  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I 

----------------------------------------------------------------·---------------------------------------------------- . 

WI'PUT SUHHARi' 
== = = == = == === = = = = = =  = =  = = =  = = =  = =  = =  

INI TJAL LI VEWEIGHT 2U 

llfl TIAL FLEECE WEIGHT 0 . 25 
--------- - ------------- - -------- ---- - - ---------- - --- - ------- ---- ------------------- - ---- ------------------------ - --- :  

110NTH I 
JAN FEB - - - - - - - - - - NOV IJEC JAif FEB I 

---------------------------------------------------- - --------------- ---------------------------- :  
LAHB I IITAKE ( kgDH/day) 1 .  07 1 . 2� 1 . 73 1 . 88 1 . 20 1 . 20 
LAHB INTAKE (HJHE/day I 1 1 . 0  1 1 . 5  - - - - - - - - - - 1 9 . 0  20 . 7  1 4 . 0  1 4 . 3  

FiliAL LAHB LJ  VEWEJGHI 26.8  29 . 1  51 . 9  57 . 3  59 .3  59 .9  
l.J VEWEIGHT GAJif !gl/day) 89 84 1 71 1 74 65 24 

FINAL FLEECEWEJGHT 1 . 03 1 . 61  - - - - - - - - - ·  1 . 46 2 . 25 3 . 12 3 . 68 

WOOL GROWTHRATE (ga/day) 25 21 22 25 28 18 

SHORN FLEECEWEI GHT 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . u  
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The mod e l  cont ains a number o f  c omponent calculations . Part o f  
the mod e l  c a lc u l a t e s  the potential  intake for t he sheep i n  any given 

� 
month based on age , liveweight , shearing date , pasture c over , and 
pasture qua l i t y . Thi s wa s inc luded in t he mod e l  so  that it  c ould b e  
l i nked t o  a pasture sub-model at a future date t o  a llow t h e  e f f e c t  o f  
p a s t ur e  c o v e r  a n d  pasture qua lity on a nimal int ake t o  be analysed . 

The second part o f  the model c a l c u lates t he l ivewei ght gain and 
woo l  produc t i o n  achi eved f or t he leve l o f  nut rition specified . Animal 
intake i s  denot ed a s  TME I ( MJME / HEAD / DAY ) . Wool growth rate  i s  
dependent o n  TME I . Energy f or woo l  growth is  part i ti oned from TME I 
ahead o f  t he o t her met abolic proc e s s e s . Residual TME I i s  avai lable for 
maint enanc e and l iv ewei ght gai n .  Mai nt e nanc e requirement s ( MEM) a r e  
b a s e d  o n ;  age , l iveweight , and pasture c omponent s such a s  p a s t ur e  
qua l i ty , and a c c e s s ibility ( whi ch in t u r n  is  ba sed  o n  gr e en pasture 
c over ) .  

Shearing o c c ur s  on the first day o f  the month deno t e d . The amount 
of f l e e c e  a s s umed to be left  on the animal is  0 . 2 5 kg . C a lculations 
for  a ny one period are inc orporated in t he column that i s  headed wi t h  
the p e r i o d s  name . T h e  dependent variabl e s  are ent ered at t h e  t o p  o f  
t h e  c o lumn , and t h e  c a lculations that a r e  based on these variabl e s , 
f o l l ow an ordered s e quence down the c o lumn . 

Output i s  summari sed on a monthly basis  at t he b o t t om o f  the 
spread sheet  ( Table 4 . 1 )  and inc ludes : a summary o f  daily animal int ake 
in t erms of both MJME and dry mat ter , the final l iveweight at t he e nd 
o f  each month ,  the average mont hly l ivewei ght gain ( g / DAY ) , t he f inal 
f le e c e  wei ght a t  the end o f  each mont h ,  the average monthly woo l  
g r owth r a t e s  ( g / DAY ) , the shorn f leece  weight for each shearing and 
t he a c t u a l  aver ag e  monthly body weight gain ( ( g / DAY ) ( livewei ght gain 
- woo l  g rowt h r a t e ) ) .  

A full  run t ake s approxima t e ly 3 0  minutes on a 6 40-K I . B . M . 
persona l  c ompu t e r . The mod e l  is  i t erat ive , as a number o f  func t i o ns 
a r e  d ependent o n  t he average fleece- f r e e  l iveweight o f  the animal 
duri ng a monthly period . 

4 . 1 . 2  The S a l e  Lamb Mode l .  

The s a l e  l amb mod e l  i s  based on a sma l ler ver s i on o f  the 
r e p l a c ement s t o c k  mod e l  ( Table 4 . 1 ) .  I t  i s  ident i c a l , exc ept t ha t  i t  
only mod e l s  l amb g r owth from weaning u n t i l  mid-Ju ly ( the l a s t  period  
i n  which s a l e  lamb s  were r e t ained on the property ( S ection 2 . 5 . 1 ) ) .  

4 . 1 . 3  The D ry Ewe Mod e l . 

Thi s mod e l  s imul a t e s  a dry ewe over t he peri o d  o f  weaning t o  
mat ing ( Table 4 . 2 ) . The mod e l  was cons t r u c t ed s o  that it  c ould  b e  u s e d  
t o  i nve s t i g a t e  a r ange o f  weaning and mat i ng dat e c ombinat i ons f r om 
O c t ober t hr o ugh t o  J un e . T o  allow for this flexibil i t y ,  i t  c o u ld 
c ommenc e on any spec i f i ed weaning dat e , and stop once the desired  
mat ing d a t e  had  been  r e a c he d . Thi s was achieved by  ent ering the  
wea ning d a t e  and  mating d a t e  as a day number in  the year , e . g .  J anuary 
1 st e qu al s  1 ,  December 3 1 s t equal s  3 6 5 . 
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Table 4 . 2  

The llry Ewe Model . 

WEANING TO POST-TUPPING TWIH EWE LI VEWEIGHT PROFILE 

============================================================ 

D.  I .  GRAY 

llAt RAH PUT our (Jan 1st= I )  95 
WEANIJW OATE (Oct l s t=274 ) 365 
'note: 10 day periods/•onth 

EWE LW WEAN IIIG 59.  6 

EWE fLEECE WEIGHT weaning U 
FLEECE-fREE LW weaning SH . 2  

======================================================================================================================== : 

HUIITH 

PEH!OD 
flHAL OAY OF PERlOO 
WEANJ llG DAY 

WEAIUNG !JAY 

WEANJHG DAY 

HATING !JAY 

HATING !JAY 

HATING OAY 

DAYS POST-WEANING 

DAYS POST -WEAH lHG 

DAYS POST -WEANING 

DA\"5 POST -HA Tl NG 

LIVAWEIGHT ESTIMATOR 

I st CYCLE LW I 

2nd CYCLE LW! 
3rd CICLE LW I 

4th CYCLE LW I 

1st  CYCLE LW2 
2nd CYCLE LW2 
Jrd CJCLE LW2 
4th CYCLE LW2 

PASTURE COVER 

PASTURE QUALITY 
EWE IJITAKE 
THE! 
KH 
EWE AGE (f lock average) 
fHP 

AMN!JHT 

HEH 
HEW 

WVOL GROWTHRATE ( gm/day) 

HE! 
ER 

ER2 

EVG 

EVG2 

EBWG \gl/day)  

I 
41  

0 
42 
42 

0 

0 . 0  
0 .  0 
0 . 0  
0 . 0  

0 . 0  
0 .  0 
0 . 0  
0 . 0  

BOO 
9 . 3  

I .  2H 
1 1 . 9  
0 . 7  
3 . 4  
8 . 0  

1 . 25 
1 4 . 2  

260 

1 5  

1 U  
- 1 .8 
- 1 . 8  
31 . 5  
31 . 5  

-58 

FEBHUAHY 
2 3 

SI 59 
0 
0 
0 
0 
0 
0 
0 0 

52 60 

52 60 
0 

0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  

BOO 
9 . 3  

1 . 28 
1 1 . 9  

0 . 7  
3 . 5  
7 . 9  

1 . 25 
1 4 . 1  

251 

15 

1 1 . 7  
-1 . 7  
- 1 . 7  
3 1 . 2  
3 1 . 2  

-55 

0 . 0  
0 . 0  
0 . 0  
0 .  0 

0 . 0  
0 . 0  
0 .  0 
0 . 0  

800 
9 . 3  

1 . 28 
1 1 . 9  

0 . 7  
3 . 5  
7 .  9 

1 . 25 

!4 . 0 
244 

15 

l l .  7 
- 1 . 7  
-1 . 7  
31 . 0  
31 . 0  

-54 

69 
0 
0 
0 
0 

0 
70 
70 

0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 .  0 
0 . 0  

1000 
10 

1 . 42 
l id 

0 . 7  
3 . 5  
7 .  9 

J . l 7 
! 3 . 0  

274 
16 

13 . 9  
0 . 9  

0 .  9 
30.9 
30 . 9  

30 

MARCH 

2 
79 

0 
0 
0 
0 
0 
0 

BO 
BO 

0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 .  0 
0 . 0  
0 .  0 
0 . 0  

1000 
10 

1 . 66 
1 6 . 6  

0 .  7 
3 . 5  
7 . 9  

1 . 1 7 
1 3 . 1  

304 
IB 

16 . 3  
3 . 2  
3 . 2  

31 . 3  
31 .3  

102 

3 
90 

0 
0 
0 
0 
0 
0 
0 

91 
91 

0 

0 . 0  
0 . 0  
0 . 0  
0 .  0 

0 .  0 
0 . 0  
0 . 0  
0 . 0  

1000 
10 

I .  90 
1 9 . 0 
0 . 7  
3 . 6  
8 . 1  

1 . 1 7 
13 . 4  
329 
20 

18 . 7  
5 . 3  
5 . 3  

32 . 0  
32 . 0  

166 

l OO 
0 
0 
0 

1 
0 
I 
0 

101  
101 
5 

56 .2  
56 . 2  
59 . 1  
62.3 

59 . 9  
63 . 2  

0 . 0  
0 . 0  

900 
1 0 . 8  
1 . 79 
1 9 . 3  

0.  7 
3 . 6  
8 . 3  

1 . 22 
1 4 . 0  

320 
19  

1 9 . 0  
5 . 0  

5 . 0  
32. 9  
32 . 9  

153 

APRIL 

2 
1 1 0  

0 
1 1 1  
1 1 1  
1 5  

0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  

900 
1 0 . 8  
1 . 80 
1 9 . 4  

0 . 7  
3 . 6  
8 . 4  

1 . 22 
1 4 . 3  

307 

IB 

1 9 '  J 
4 . 9  

4 .  9 
33 . 7  
33 . 7  

145 

3 
120 

0 
0 

121 
121 
25 

0. 0 
0 . 0  
0 . 0  
0.  0 

0 . 0  
0 . 0  
0 . 0  
0 . 0  

900 
10 . 8  
I .  81 
1 9 . 5  

0 .  7 
3 .  7 
8 . 6  

1 . 22 
1 4 . 5  

295 
18  

1 9 . 3  
� . 7  
4 . 7  

34 . 4  
34 . 4  

138 

OUl'PUT SUHHARY 

======= ====================================================================== = = = = = = = = =================================== : 

HONTI! FEBRUAR)' MARCH APRIL  : 

PERIOD 2 3 2 3 2 3 

!NlTJAL LW 

INITIAL FLEECEWElGHT 

INJTJAL FLEECE-FREE LW 

LIVEWE1GHT GAIN 

WOOL GROWTHRAJE 

59 . 4  
2 . 0  

57 .4  

-61 

15 

58. 9  
2 . 1  

56.8  

-59 
15 

58 . 5  

2 . 3  
56 . 2  

-57 

15 

58 . 2  
2 . 4  

55 . 8  

32 
16 

58 . 6  
2 . 6  

56 . 1  

108 
18 

59.9 
2 . 7  

5 7 . 2  

1 76 
20 

62 . 1  
2 . 9  

59. 1  

1&2 

1 9  

63 . 9  
3 . 1  

&0 . 7 

1 54 

18  

65.6 
3 . 3  

62 .3 

146 

18 

FlliAL LW 58 . 9  58 . 5  58 . 2  58.6  59 . 9  &2 . 1  63 . 9  &5.6  67.2 

FINAL FLEECE WEIGHT 2 . 1  2.3 2 . 4  2.6 2.7 2 . 9  3.1  . 3.3 3 . 5  

FINAL FLEECE-FREE LW 56 . 8  56 . 2  5 5 . 8  56 . 1  57 . 2  59 . 1  60 . 7  62 . 3  63 . 7  
, 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: I 
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The input r equired to  operate the model inc luded ; weaning date , 
mat i ng dat e , l ivewe ight at weaning , f l eece weight a t  weaning , gree.R 
p a s ture c over l eve l s , pasture qua lity ( MJME / kg DM) , and daily ewe 
int ake , ei ther as kg DM or MJME . 

The dry ewe mod e l  structure wa s ident i c a l  t o  t he replacement 
f l oc k  mod e l  f or c a l c u l a t ing liveweight gain ( or l o s s ) .  The outpu t  -
summari s ed at one t hird  o f  a month int ervals - i nc luded ; i ni t i a l  
liveweight and f l e e c e  weight a t  t he st art of a period , livewe ight 
gai n ,  woo l  growth r at e ,  fina l liveweight and f leece  weight at the end 
o f  . a period . A f u l l  run t ook approxima t e ly 1 5  minut e s . 

4 . 1 . 4 The Pregnant Ewe Mode l s . 

The pregnant ewe models were set up to  s imulate  a twin and a 
single  bearing ewe over the period of g e station . Unlike the previous 
mod e l s , these mode l s  are c omplex ,  bec ause as we l l  a s  portraying ewe 
liveweight gain ( or l o s s )  and woo l  growt h ,  they a l s o  mode l  t he 
produ c t s  o f  pr egnancy . S eparate models  were deve loped for twin and 
single bearing ewe s t o  allow mod e l  output to be c ompared with 
publ i shed feed tabl e s .  

The mod e l  s t ru c t ure i s  shown in Table 4 . 3  . I t  i s  s imilar t o  t he 
replac ement flock mode l .  The inpu t s  r e quired t o  run the mod e l  inc lude ; 
ewe liveweight a t  ma t ing , ewe f leece weight at mating , ma t ing day 
( i . e .  J anuary 1 st = 1 ) ,  average monthly green pasture c over leve l s , 
mo nthly pasture qua l i t y ,  and daily ewe intake on a monthly or  ha l f  
monthly basi s ( either a s  dry mat t er or MJME ) . 

The outpu t , summari sed on a monthly basis inc lud e s  average daily 
int ake , init i a l  ewe liveweight and fleece  weight , l iveweight gain , 
woo l  growth ra t e ,  f i na l  ewe liveweight and fleece weight , ini t i a l  
c onceptus liveweight , c onceptus  l ivewei ght gai n ,  f inal conceptus 
liveweight , final f o e t a l  livewe ight , c onceptus free ewe livewe i ght , 
and c onceptus free ewe l iveweight gain which i s  t e rmed " t rue 
liveweight gain" . I n  the c a se o f  the twin bearing ewe mod e l , the 
out put included t o t a l  a nd individual foetal  livewei ght . 

S imulation of g e s t a t ion can start at any t ime between early 
February and l a t e  May . The summary output is based on a t ime period of 
one s ixth o f  a month . Subsequent experi ence would  suggest t hat a t ime 
period of up t o  one month would have had no e f f e c t  on the accuracy o f  
the r e s u l t s  obt a ined from the model .  This would r e d u c e  t he size , and 
running t ime of the mod e l  by one third . 

" I f "  s t a t ement s wer e  used to  s t ar t  and stop the mod e l  acc ordi ng 
t o  mat ing date  and t o  specify t he day o f  gestation . Thi s was because 
f o e t a l  g r owt h , based on a st andard growth curve s c al e d  t o  1 ki logram,  
wa s d e pendent o n  the day o f  gestatio n . The growth o f  t he c onc ept u s  was 
a l so d ep endent o n  the level of nutri t i o n .  I f  the ewe wa s underfed , the 
r a t e  of foetal  g r owth wa s reduced by holding the foetus  back in t ime 
on t he s t andard growth curve . 



THE TWIN EWE PREGNANCY MODEL . 
============================= 

Ewe L . W .  mating .  

Fleece weight. 

Fleece-free L . W . 

SUMMARY OUTPUT 

INPUT 

62 . 1  
2 . 9  

59 . 2  
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Table 4 . 3  

The Pregnant Ewe Model . 

------- - - - - - - - - - - - - - - - - - -- --- - - - - -- - - - - - - - - - ------ - - - - - - - - - --- - - - ------------ - -- - - - - - - - - - - - - - - - - -- --- - l  - -- -- -- - - - - --- - - - - -- - - - - - - -- - - - - - -- - - --------- ----------- - - -------------- --- --- - - - - - - - - - - - - - ---------- 1 

MONTH FEB I1AR APR MAY JUN JUL AUG 
- -- - - --- -- - -- ------- - --- - - - --- ---- ---------------- - - - - - - - - ----- - ------

GREEN COVER ( kgDM;na ) l:WO 1200 900 800 BOO 800 900 
Ewe numbers . ( TWINS) 

lntake/aay ! kg!JM/nd/d )  0 . 0  0 . 0  1 . 9  1 . 3  1 . 3  1 . 3 1 . 9  

Pasture w a l i ty ( MJME/kgi>M ) 1 0 . 0  1 0 . 0  1 0 . 0 1 0 . 0  1 0 . 0  1 0 . 0  1 0 . 0  
TMEl 0 . 0  0 . 0  1 9 . 5  12 . 6  12 . 6  1 3 . 3  1 8 . 9 

Initial  Ewe LW 0 . 0  O . u  62 . 1  k 2  64 . 6  64 . 6  66 . 4  
Actual LWG 0 0 69 1 3  0 59 270 
Initial  Fleeceweignt 0 . 0  0 . 0  2 . 9  3 . 4  3 . 8  4 . 0  4 . 2 
Wool Growthrate 0 0 1 8  1 0  8 7 11  
initial  Conceptus LW 0 . 0  0 . 0  0 . 0  0 . 1  1 . 8 3 . 5  6 . 7  

Growth Peri od o f  month ( days ) 0 0 30 31 30 3 1  25 

f inal Ewe LW 0 . 0  62 . 1  64 . 2  64 . 6  64 . 6  66 . 4  73 . 2  
Final Fleeceweight 0 . 0  2 . 9  3 . 4 3 . 8  4 . 0  4 . 2  4 . 5  
Conceptus LW 0 . 0  0 . 0  0 . 1  1 . 8  3 . 5  6 . 7 1 2 . 3  

Conceptus LWG 0 0 4 55 54 1 05 225 
Combined Feotal LW 0 . 0  0 . 0  0 . 0  0 . 2  1 . 3 4 . 4  8 . 6  
INDIVIDUAL FEOTAL LW 0 . 0  0 . 0  0 . 0  0 . 1  0 . 6  2 . 2  4 . 3  

conceptus-iree Ewe LW 0 . 0  62 . 1  64 . 1  62 . 7  6 1 . 1  59 . 7  60 . 8  

ConceptusFleece-free Ewe LW 0 . 0  59 . 2  60 . 6  59 . 0  57 . 1  55 . 5  56 . 4 

TRUE EWE LWG 0 0 47 -52 -62 -52 34 
====================================================================================================== 
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WF2 0 . 0 0 . 1  0 ,, . .. 5 . 8 7 . 6  8 . 6  
WPLAC3 0 . 0 0 . 4  0 . 8  1 . 0  1 . 0  1 . 0 
WFLUD3 0 . 3  0 . 5  0 . 9  1 . 6  2 . 1  2 . 7  
CONI 0 . 4  1 . 0  1 . 8  8 . 3  1 0 . 7;_ 12 . 3  
WUTER 0 . 4  0 . 5 0 . 5  1 . 0  1 . 1  1 . 1  
Cnange i n  wuter;period 0 . 1 0 . 1 0 . 1  0 . 1  0 . 1  0 . 1  
WMAM 0 . 0 0 . 0  0 . 0  1 . 2  1 . 5  1 . 7  
Change in Wmam/period 0 . 0  0 . 0  0 . 0  0 . 3  0 . 4  0 . 2  

FEKG -3 . 2  -1 . 9  - 0 . 5  4 . 2  4 . 3  4 . 4  
FEKG2 1 . 0  1 . 0 1 . 0  4 . 2  4 . 3  4 . 4  
PLKG if t < 70 , 1 . 67 1 . 7  1 . 7  1 . 7  3 . 3  3 . 2  3 . 2  
PLKG2 1 . 7 1 . 7  1 . 7 3 . 3  3 . 2  3 . 2  
FLKG i f  t < 70 , . 22 0 . 2  0 . 2  0 . 2  0 . 4 0 . 4  0 . 4  

UEKG 0 . 2  0 . 3  0 . 6  2 . 0  2 . 1 2 . 2  
UWSUTH 0 . 1  0 . 1  0 . 2  0 . 6  0 . 6  0 . 7  

UEKG2 1 . 8 2 . 3  2 . 6  3 . 3  3 . 3  3 . 3  
UEKG3 1 . 8 2 . 3  2 . 6  3 . 3  3 . 3  3 . 3  
MAKG l 0 0 < =t < 126 0 . 0  0 . 0  0 . 0  1 0 . 6  9 . 4  8 . 8  

MAKG t > 125 0 . 0  0 . 0  0 . 0  1 1 . 0  1 1 . 0  1 1 . 0  

PEBALF 0 . 0 0 . 1  0 . 2  24 . 1 32 . 8 3? . 6  

PEBALP 0 . 1  0 . 6  1 . 3 3 . 2  3 . 3  3 . 4  

PE BALL 0 . 1  0 . 1  0 . 2  0 . 7  0 . 9  1 . 1  
PEBALU 0 . 8  1 . 1  1 . 4  3 . 3  3 . 6  3. 8 
FE BALM 0 . 0  0 . 0  u . o  1 2 . 7  1 6 . 6 1 8 . 9 

ENERGY REGUlRED/day 

- -------------- -----------

Feotus 0 . 0018  0 . 0046 0 . 0 1 04 0 . 6780 0 . 8729 0 . 9565 

Placenta 0 . 0054 0 . 0549 0 . 0651 0 . 01 47 0 . 0128 0 . 0089 
Fl uids 0 . 0038 0 . 0057 0 . 0064 0 . 0093 0 . 0221 0 . 0421 
Uterus 0 . 0435 0 . 0327 0 . 0288 0 . 0251 0 . 0319 0 . 0367 
Ma.lil.Biary 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 

Sum ERQD ( ERP J 0 . 1  0 . 1  0 . 1 0 . 7  0 . 9  1 . 0  

NEFG 0 . 0 0 . 0  0 . 0  0 . 5  0 . 9  1 . 8  
kATlO 0 . 03 0 . 05 0 . 09 0 . 93 0 . 93 0 . 92 
EFEOT 0 . 0  0 . 0  0 . 0  0 . 4  0 . 8  1 . 6  

EFEOT/FE.k 0 . 00 0 . 00 0 . 00 0 . 62 0 . 96 1 . 68 

EFEOT/FER2 0 . 84 0 . 84 0 . 84 0 . 84 0 . 96 1 . 68 

EFEOT/FER3 0 . 84 0 . 84 0 . 84 0 . 84 0 . 96 1 .  68 

I-RATIO 0 . 84 0 . 84 0 . 84 0 . 84 0 . 96 1 . 68 

I-RATIO 2 0 . 84 0 . 84 0 . 84 0 . 84 0 . 96 1 . 00 
I-RATIO 3 0 . 84 0 . 84 0 . 84 0 . 84 0 . 96 1 . 00 

MEPG 0 . .2 0 . 4  0 . 4  2 . 9  3 . 8  4 . 2  
CONK 0 . 2  0 . 4  0 . ?  2 . 1  2 . 5  2 . 8  

CONM 0 . 2  0 . 3  0 . 5  1 . 7  2 . 0 2 . 3  
ConHP 0 . 3  0 . 6  0 . 9  3 . 9  4 . 9  5 . 4  

f'ME 0 . 4 0 . 7  1 . 0  4 . 6  5 . 8  6 . 4  
MEPX -2 . 2  -2 . 1  -2 . 0  3 . 5  5 . 6  9 . 3  

ER1 -1 . 8  -2 . 0  -2 . 1  0 . 0  0 . 0 0 . 0  
DIFF 0 . 0  0 . 0  0 . 0  -1 . 1  - 0 . 2  2 . 9  
ER2 0 . 0  0 . 0  0 . 0  -0 . 8  -0 . 1  0 . 0  
MEF 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  2 . 9  
ER3 0 . 0 0 . 0  0 . 0  0 . 0 0 . 0  0 . 7  
TRUE ER -1 . 8  -:L . O  -2 . 1  -0 . 8  -0 . 1  0 . 7  

I ====================================================;=========================================================== , 
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================================================================================================================ : 
Month 11AY 

Period of the month Pl P2 
Last day of period ( days of yr . J 130 140 
Day of pregnancy ( I )  40 50 
DAY OF PREGNANCY 40 so 
TRUE day I 40 so 
RATIO EFFECT 1 . 00 1 . 00 
EFFECT on T due to feed 40 so 
ACTUAL T 40 50 
I NTAKE/MONTH 39 . 1  
INTAKE/day ( kgDM/hd / d J  1 . 3  1 . 3 
TMEI /day ( MJME) 1 2 . 6  12 . 6  
AWE 1 2 . 2  1 1 . 9  
NEW 181 . 9  168 . 0  
HEI 1 2 . 4  1 2 . 4  
PME 0 . 4  0 . 7 
MEP -2 . 2  -2 . 1  
till! 14 . 6  1 4 . S  

Mean Flock Age \YfS )  4 . 7  4 . 7  
KH 0 .  71 0 . 71 
FHP1 8 . 3  8 . 3  
Accessabi l i ty Factor 1 . 25 1 . 25 
FHP2 1 0 . 4  1 0 . 3  

l·iaintenance Requi rements k 6  1 4 . 5  
Wool Requirements 0 . 2  0 . 2  
Energy f or gain - 1 . 8  -2 . 0  
Wool growthrate (gm/dJ  1 1  1 0  
EVG 36 . 9  36 . 6  
TRUE EYG 35 . 0  3S . O  
Bodyweight gain \gm!di  -49 . 3  -54 . 9 
Liveweight gain t gm/dJ  -52 . 2  -58 . 2  
Gain/period \ Kg )  -O . S2 -O . S8 
Wuter+Wmam gain/period 0 . 05 U . OS 
Total Gain/per i od -0 . 47 -O . S3 
Time Factor 0 0 
initial Li veweignt 0 0 
Initial  Fleeceweight 0 0 
initial Fleece-free l i veweight 0 0 
Actual Measured LWG (gm/d ) -14 20 
F inal l i veweight 64 . 0  64 . 2  
Final fleece weight 3 . 6  3 . 7  
F inal Fleece free L . w .  60 . 5  60 . 6  
Initial  conceptus-fleecefree LW 60 . 6  60 . 1  
Final Conceptus-f leecefree LW 60 . 1  S9 . 6  
Conceptus 0 . 35 0 . 98 
ACTUAL T 40 50 
PFWTl 4 . 7  4 . 7  
PFWT 4 . 7  4 . 7  
WF 0 . 0  0 . 0  
WPLAC 0 . 0  0 . 1  
WFLUD 0 . 1  0 . 2  
ROBWF 0 . 0  0 . 0  
WPLAC2 u . o  0 . 0  
Wf. LUlJ� (o . Li u . l  

P3 
151  
61 
61 
61 

1 .  0 0  
6 1  
6 1  

1 . 3 
12 . 6  
1 1 . 6  
155 . 8  
1 2 . 4  

1 . 0  
-2 . 0  
1 4 . 4  

4 . 8  
0 . 7 1 

8 . 2  
1 . 25 
1 0 . 2  

1 4 . 4  
0 . 2  

-2 . 1 
9 

36 . 4  
35 . 0  
-58 . 4 
-61 . 9  
-0 . 68 
0 . 06 
-0 . 62 

0 
0 
0 
0 

31 
64 . 6  

3 . 8  
60 . 8  
59 . 6  
59 . 0  
1 . 85 
61 
4 . 7  
4 . 7  
0 . 0  
0 . 3  
0 . 3  
0 . 1  
0 . 1  
0 . 1  

- - - - - - - - - -

- - - - - - - - - -

- - - - - - - - - -

- - - - - - - - - -

Pl 
222 
132 
132 
132 

0 . 84 
1 29 
129 

1 . 7  
1 7 . 1  
1 2 . 5  
159 . 8  
1 6 . 9  

4 . 6  
3 . 5  

1 3 . 4  

4 . 9  
0 .  71 

7 . 8  

1 . 22 
9 . 5  

1 3 . 4  
0 . 2  

-0 . 8  
10 

34 . 1  
34 . 1  
-24 . 1  
-2S . 6  
- 0 . 26 
0 . 34 
0 . 08 

0 
0 
0 
0 

1 78 
68 . 2  

4 . 3  
63 . 9  
55 . 5  
55 . 6  
8 . 31 

129 
4 . 7  
4 . 7  
0 . 6  
0 . 5  
0 . 9  
3 . 2  
(J . 1  
\L L 

AUGUST 
P2 P3 

232 243 
142 153 
1 42 1 4 7  
1 42 147 

0 . 96 1 . 00 
1 38 1 43 
1 38 1 43 

4 7 . 2  
1 . 9  2 . 2  

1 9 . 3  21 . 5  
1 3 . 5  15 . 1  
1 79 . 6  207 . 5  
1 9 . 1  21 . 3  

5 . 8  6 . 4  
S . 6  9 . 3  

13 . S  12 . 0  

5 . 0  5 . 0  
0 .  71 0 . 71 

7 . 8  7 . 9  
1 .  22 1 .  08 
9 . 6  8 . 5  

1 3 . 5  1 2 . 0  
0 . 2  0 . 2  

-0 . 1  0 . 7  
1 1  12 

34 . 1  34 . 4  
34 . 1  34 . 4  
-3 . 6  20 . 8  
-3 . 8  22 . 0  
- 0 . 04 0 . 1 1 
0 . 44 0 . 25 
0 . 41 0 . 37 

0 0 
0 0 
0 0 
0 0 

291 4 1 0  
71 . 1  73 . 2  

4 . 4  4 . 5  

66 . 7  68 . 7  
55 . 6  56 . 0  
56 . 0  56 . 4  
1 0 . 71 1 2 . 33 

1 38 1 43 

4 . 7  4 . 7  
4 . 7  4 . 7  
0 . 8  0 . 9  
0 . 5  0 . 5  
1 . 1  1 . 4  
4 . 0  4 . 4  
0 .  i 0 . 1  
0 . �  U . ::i  
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The model construc tion was simi lar to  the replac ement flock model  
except t hat i t  now inc luded func t i ons t hat partit i oned energy t o  the 
produc t s  o f  pre gnancy . Total ME i nt ake ( TME I ) ,  wa s par t i t i oned o f f  for 
the requir ement s o f  pregnancy first , for  wool growth sec ond and 
maintenance and liveweight gain last . Wher e TME I wa s insuffici ent t o  
mee t  the requirement s for maint enanc e ,  t he ewe c at abolised body 
t i s sue , r e sulting in a loss  o f  liveweight . The energy available for 
pregnancy wa s partit ioned to the c omponent s o f  the c onceptus i . e . 
foetal g r owt h ,  placental growt h ,  f luid production and mammary gland 
development . 

Out put was s ummari sed at t he t o p  o f  the model  s t ructur e . The t ime 
required t o  c omple t e  a full run of the model  wa s a pproxima t e ly one 
hour . 

4 . 1 . 5  The Lactat ion Mode l .  

The lactat ion model ( Table 4 . 4 )  wa s de signed t o  simu l a t e  a twin 
rearing ewe or a single rearing ewe over the period of lact ation and 
a llowed outpu t  t o  be c ompared wi th publi shed feed t able s .  The 
lac t ation model  wa s c onstru c t ed so  tha t  ewe and lamb int ake s c ou ld 
also  be entered direc t ly . The lac t ation model  could also  be linked t o  
the pasture sub-model and ewe and lamb i nt akes would then be 
determined by pa sture c over and pasture qua lity . 

The model  i s  simi lar t o  the pregnancy model in struc t ure . The . 
required input include s ;  ewe liveweight at l ambing , ewe f l e e c e  weight 
at l ambing , l ambing dat e , lamb birth wei ght , average monthly green 
pasture c over and pasture qua lity leve l s , ewe she aring dat e , ewe 
stocking r a t e , and ewe and lamb daily herbage int ake , either in t erms 
of dry ma t t er or MJME . 

Output f r om t he lact ation model  i s  summarised on a half monthly 
basi s ,  because chang e s  in ewe and lamb liveweight were not adequately 
desc ribed u s ing a t ime s c ale of one mont h . Output include s ; ewe 
liveweight , ewe fleece  weight , ewe livewe ight gain ( or lo ss ) ,  ewe wool 
growt h rat e , ewe woo l  c lip at shearing , lamb livewe i ght , l amb fleece  
weight , l amb livewe ight gain,  lamb wool  growth rat e ,  ewe and lamb 
int ake s ,  ewe milk yie l d ,  and the propor t ion o f  milk and herbage ME 
intake in the lamb s ' diet . 

The s t ruc ture o f  the model i s  simi l ar t o  that d e s c ribed for t he 
previous mode l s . Time period s are one sixth o f  a month . Thi s shor t  
period wa s u s e d  primarily f o r  sett ing u p  t h e  int ake / pasture c omponent 
relat i onship because it wa s felt  t hat a shor t t ime interval should be 
used to  minimi se the changes in pasture c over between period s .  Further 
work is r e quired t o  quant ify the impact  of d i f ferent t ime periods on 
model outpu t . H owever ,  the use  o f  longer t ime peri o d s , a s  for  the 
pregnancy mode l ,  wil l  greatly reduce model s i ze and running t ime . 

The day o f  lac t at ion i s  a ma j o r  d e t e rminant o f  ewe milk 
produc tion ( simi lar to the way in which day of g e s t a t ion drives t he 
pregnancy mod e l ) .  
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Table 4 . 4  

The Lactating Eue Model . 
-------------- ----------

TWIN EWE LACTATION MODEL 
======================= 

D . l . GRAY I NPUT '-

---- -- ----
EWE LW 60 . 9  

EWE FLEKCEWEIGHT 4 . 5  

FLEECEFREE L . W .  56 . 4 
LAMB BIRTHWEIGHT 4 . 3  

Mid Lambing Day ( Aug 1st = 213) 246 

EWE SHEARING MONTH ( Jan=1)  1 1  
TWI N  S . R .  ( EWES/HA) 1 0 . 0  

HONTH SEPT OCT NOV DEC 
GREEN COVER (KGDH/HAJ 1050 1200 1500 1400 

QUAL I TY _ (HJME/KGDM) 1 1 . 3  1 1  11  1 1  

=============================================================================================================== : 
OUTPUT SUMMARY 
--- - - --- - - - - - - - - -

I'K)tiTH SEPT SEPT ocT OCT NOV NOV DEC DEC 
PERIOD 1 2 1 2 1 2 1 2 

------------------------ ------- - ------------------------------------ - - - - - - --------------- - - - - - ----- - - - - --------

EWE I NTAKE AS DETERMINED BY 
AVERAGE PASTURE COVER (GU I DE )  1 . 58 1 . 96 2 . 22 2 . 01 2 . 25 2 . 15 1 . 84 1 . 66 

AVERAGE INTAKE/DAY ( INPUT) 2 . 5  2 . 4  2 . 3  2 . 1  2 . 0  1 . 8 1 . 8  1 . 7  

INI TIAL LW 60 . 9  58 . 3  56 . 7  56 . 9  57 . 6  54 . 4  56 . 0  57 . 9  

INI TIAL FLEECEWEIGHT 4 . 5  4 . 5  4 . 7  4 . 8 5 . 0  0 . 5  0 . 8  1 . 1  

INITIAL FLEECE-FREE LW 56 . 4  53 . 7  52 . 0  52 . 1  52 . 6  53 . 9  55 . 3  56 . 8  

1 . 0 1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  

DAYS/PERIOD 1 3 . 0  1 5 . 0  1 5 . 0  1 5 . 0  15 . 0 15 . 0  1 5 . 0  15 . 0 

1 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  

Ll VEWEIGHT GAIN (ga/d J  -204 -115 4 36 87 91 1 04 94 

WOOL GROWTHRATE l gl/d J 6 8 12 14 17 18 20 21 

MEASURED LWG - 1 98 - 1 08 15 49 103 109 124 1 14 

SHORN FLEECE 0 . 0  0 . 0  4 . 8  0 . 0  

FINAL LW 58 . 3  56 . 7  56 . 9  57 . 6  54 . 4  56 . 0  57 . 9  59 . 6  

fiNAL FLEECEWEIGHT 4 . 5  4 . 7  4 . 8  5 . 0  0 . 5  0 . 8  1 . 1  1 . 4 

FINAL FLEECE-FREE LW 53 . 7  52 . 0  52 . 1  52 . 6  53 . 9  55 . 3  56 . 8  58 . 2  

SH0RN FLEECEWEIGHT 0 . 0  0 . 0  4 . 8  0 . 0  

MILK YIELD/DAY 3 . 1  2 . 6  1 . 9  1 . 3  0 . 9  0 . 6  0 . 4  0 . 3  

-----------------------

INITIAL LAMB LW 4 . 3  9 . 3  12 .3  15. 1 1 7 . 7  1 9 . 8  22 . 0  24 . 1 
INITIAL LAMB FLEECEWEIGHT 0 . 25 0 . 35 0 . 47 0 . 61 0 .  77 0 . 94 1 . 13 1 . 34 

INITIAL FLEECE-FREE LAMB LW 4 . 04 8 . 92 11 . 86 1 4 . 49 16 . 91 1 8 . 85 20 . 87 22 . 77 

LI VEWEIGHT GAIN ( ga/d ) 384 203 185 1 72 141 147 140 151 

WOOL GROWTHRATE ( gJ/d ) 8 8 9 11 1 1  1 3  14  15  

MEASURED LW GAIN t g�/d ) 392 211  1 94 182 153 160 154 166 

FINAL LAMB LW 9 . 3  12 . 3  15 . 1  17 . 7  1 9 . 8  22 . 0 24 . 1 26 . 4  

FI NAL LAMB FLEECE WEIGHT 0 . 35 0 . 47 0 . 61 0 .  77 0 . 94 1 . 13 1 . 34 1 . 57 

FINAL FLEECE-FREE LAMB LW 8 . 9  1 1 . 9  1 4 . 5  16 . 9  1 8 . 9  20 . 9  22 . 8  24 . 8  

MILK INTAKE/DAY 1 . 54 1 .31 0 . %  0 . 67 0 . 45 0 . 30 0 .20 0 . 13 
MILK HEI/DAY 7 . 06 5 . 99 4 . 39 3 . 05 2 . 06 1 . 36 0 . 89 0 . 58 

PERCENTAGE OF TOTAL ENERGY 1 00 80 51 32 21 13  8 5 

HERBAGE INTAKE/DAY 0 . 00 0 . 13 0 .39 0 . 59 0 . 70 0 . 83 0 . 91 1 . 01 
HERBAGE HKI /DAY 0 . 00 1 . 50 4 .25 6 . 48 7 . 65 9 . 10 9 . 96 1 1 . 10 
PERCENTAGE OF TOTAL ENERGY 0 20 49 68 79 87 92 95 

TOTAL ENERGY I NTAKE/OM 7 . 06 7 . 49 8 . 64 9 . 53 9 .  71 1 0 . 46 1 0 . 85 1 1 . 68 

EWE & LAMBS OM INIAKEiVAY 2 . 45 2 . 62 3 . 1 1  3 .25 3 . 36" 3 . 47 3 . 59 
-

3 . 69 
I 

-------------------------------------------------------------------------------- - - - - - - - - - - - - - - - - -- ------------- , 
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HOtlTH 

LACTATIOH PERIOO 

f!HAL OAY Of fEHOID 

DAY Of LACTATIOH 

VAY Of LACTATIOO 

TRUE DAY Of LACTATIOII 

TRUE JHTAKE/PERIOD 

I HPUT IHIAH/EliE/VAY 

THE! 

AWE 

HEW 

IIUOL GkOWIHRA IE tg•tdl 

HE! 

EWE AGE ( f lockl 
I H I TIAL EWE LW 

STAHTIH\l FLEECEWEIGHT 

IHJTIAL EWE fLEECEWEJGHT 

E8WG (ptdl 

LI VEWEIGHTGAIH (go/dl 

Ill I I IAL fLElCHHEE LW 

fiHAL fLEECE-fREE LW 

rJ MAL FLEECEWUGHT 

SHORN fLEECEWEIGHT 

SHEANIHG OAY SETUP 

SHEARING DAY SETUP 

TRUE SHEARING VAI. 

fiNAL LIVEWEIGHT 

KH 

FHPI 

AU:bSABILITL fACTOR 

HEH 

HE PI 

ER 
EVG 

EVG2 

H J LK PkOUUCllult Twins 

AT 

AT! 

WL (week of 1actat ionl 
HYEILV 

PH Et. 
£118 

EH8 

E\183 

LLIIT 

LLWL 
8 (buffering abi l i tyl 

82 

83 

El184 

H1LKfC 

HIHlllUH HI LHC 

HIH IHUH HILKfC 

HIHIHUH HILKFC days 1- 14  

HIHIHUH HILKFC 

HIHHIUH H ILKfC 

HIHIHUH HILKFC 
HIHIHUH HJLKfC days JS-35 

TRUE H ILKfC 

POTIHTIAL HILKY£1LD 

ACTUAL HI LK YE! LUI 

4 WEEK LUCATOH 
4 WEEK LOCATOR 

LOCATOR 

LOCATOR2 

� WEEK LOCA TOR 

YEILDI 

l"EILDl 

YI ELD2 

l"EILD3 

TRUE HILKYEILD 
TOTAL/PER IOU 

Hi! 

HEH 

HEPX 

UIH 

HEF 

ERI 

ER2 

TRUE i:R 

HEL 

Hil:

HYEILD 

HEL2 
HEL2 

HPL 

SEPI 
I 

248 

I 

I 

u 
2.5 

21 . 7  

4 . 8  

85 

s 
21.& 

SEPT 
2 

253 

I 

12.3 

z.s 
27. 7 

4 . 5  

83 

5 

27 .&  

SEPf 

3 

258 

I 
0 

0 

13 
12.J 

2.S 

27. 7  

S . 3  

9S 

& 

27 . &  

4 . 0  4 . 0  4 . 0  
&0 . 9  0 . 0  0 . 0  

4 . 5  0 . 0  0 . 0  

4 . 5  4 . S  4 . 5  

-Jti9.o - m . &  -15&. 7 

- J J9 .  I -185.0 -16& . 1  

5�.4 55 . 5  S4.& 

SS.5 S4 . &  53 . 7  

4 . 5  4 . 5  4 .5  

0 . 0  

0 0 

60 . 0  S9 . 1  58.3 

0 .  7 0 .  7 0 . 1  

I .  9 7 .  8 7. 7 

1 . 1  1 . 1  1 . 1  

12.J 12. 1 12.0 

15 .3  15.5  IS.& 

-5.8 -5 . 9  -5.3 

JS 34 J4 

34 .&  34 . 1  JJ .6 

1 . 0  1 . 0  1 . 0  
3 .8  3 . 8  3 . 8  

1 . 3  2 . 0  2 . 7  

J . l  ] . 2  3 . 1  

23 . 0  23 . 5  U . 6  
1 8 . 7  1 8 . 8  16 .9  

1 8 . 7  18 .8  IB.9  

4 . 4  4 . 7  ] . 7  

45.0 45 . 0  45. 0  

1 . 3  2 . 0  2 . 7  

0 . 0  

0 .  0 

0 . 0  

4 . 4  

1 . 0 

1 . 0  

1 . 0  

1 . 0 

1 . 0  

1 . 0 

0 . 0  

0 . 0  

1 . 0  

3 . 1  

3 . 1  

0 . 0  

1 . 0  

1 

I 

5 . 00 

3 . 1  

] . J  

0 . 0  

0 . 0  

3 . 10 

9 .�9 

22 . 9  

1 4 . 9  

3.1  

22.9 

1 4 . 9  

8 . 0  

2 7 . 6  

12.3 

15.3  

-4 .9  

0 . 0  

-5.8 

0.0 
-< A 

0 . 0  

0 . 0  

0 . 0  

4 .  7 

1 . 0  

1 . 0  

1 . 0  

1 . 0 

1 . 0  
1 . 0  

0.0  
0 . 0  

1 . 0  
J.2 

3 . 1  

0 . 0  

1 . 0  

I 

I 

5 . 00 

3 . 1  

3 . 1  

0 . 0  
0 . 0  

3 . 1 4  

15 .&8 

23.2 

15. 1  

3 . 1  

23.2 
15 . 1  
8 . 1  

27.6 

12. 1 

15.5 

-5 . 0  

0 . 0  

-5 . 9  

0 . 0  
_, Q 

0 . 0  

0 .  0 

0. 0 

3. 7 
1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

0 . 0  

0 . 0  

1 . 0  

3 . 1  

J . O  
0 . 0  
1 . 0  

I 

I 

5 .00 

3 . 0  

] . 0  

0 . 0  

0 . 0  

3 . 03 

IS .l7  

22.4 

14.6 

3.0 

22.4 

14.6 

7.8 

27 .&  

12 .0  

15.&  

-4 . 4  

0 . 0  

-5.3 

0 . 0  
_, 1 

VEC DEC VEC 

353 

I 

0 

108 

8 . 4  

1 . 7  

1 8 . 4  

16 .2  

339 

20 

1 8 . 1  

4 . 3  

0 . 0  

0 . 0  

l . J  

84 . 9  

9 0 . 0  

�6.8 

57.3  

1 .2 

0 

SI  

58 . 4  

0 .  7 

8 . 0  

1 . 0 

1 U  

6 .  7 

3 . 0  

35 

34 . 8  

1 . 0  

3 . 8  

1 & . 3  

0 . 3  

2 .  2 

9 . 8  

9 . 8  

- 7  . &  

45. 0  

& .0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

1 . 0  

0.0  

1 . 0  

0.0  

0.0 

1 . 0  

1 . 0  

0 .0  

1 .0  

U .3  

0.3  

1 . 0  

0 .0  

I 

1 

5.00 

0 .3  

0 .3  

0.0  

O . J  

0 . 29 

1 . 46 

2 .2  

1 . 4  

0 .3  

2.2 
1 . 4  

0.8 

1 8 . 1  

1 1 . 4 

6 . 7  

3 . 0  

4 .5  

3 . 0  

0 . 0  

s & 

358 

I 

0 

1 1 3  

8 . 4  
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Ewe herbage ME intake ( TME I ) i s  parti t i oned into  wool growth ,  
mi lk product ion and livewei ght gain ( or l o s s ) . I f  insuf f icient ene�gy 
is avail able for maintenanc e ,  ewe liveweight is c at abo lised to mee t  
the energy deficit . I f  ewe ME int ake i s  insuf fici ent t o  meet both t he 
produc t i o n  proc e s s e s  and maint e nance requir ement s ,  mi lk yie ld i s  
reduced . The s i ze o f  the reduction i s  dependent o n  t he stage o f  
lac t ation , the energy deficit  and the livewei ght o f  the ewe . 

In t he c a s e  o f  the lamb , TME I i s  a c ombinat i o n  o f  herbage ME a nd 
milk ME int ake . Thi s i s  part i t ioned o f f  first  t o  wool produc t i o n ,  
secondly t o  maint e nanc e ,  and finally t o  liveweight gain . I t  i s  a s s umed 
t hat all  t he mi lk produced by t he ewe i s  consumed by t he lamb and that 
in t he c a s e  o f  twin lamb s , milk is  shared e qually . 

A large part o f  the model i s  t aken up wi th f o rmulae for 
e s t ima ting ewe and lamb i nt ake under c ontinuous grazing . Ewe and l amb 
i nt ake i s  dependent o n  s tocking rate , ewe and lamb liveweight , lamb 
age , shearing dat e ,  mean air t emperature po s t - shearing , green past ur e  
c over , a n d  pasture qualit y . Thi s c omponent o f  t h e  model i s  o nly 
func t i onal when it  is l i nked to the pasture sub-model . 

The mode l ,  due t o  i t s  size , requir e s  1 . 5  hour s t o  run on i t s  own , 
and three hour s i f  i t  i s  linked t o  the pasture sub-model . 

4 . 1 . 6 A C ompari son o f  Simu l a t ion Generated Woo l  Produc tion With 
Ac tual Levels  of Woo l  Produc t i o n .  

To o b t a i n  some f e e l  f or t he validity o f  the animal model s ,  t he 
model o f  t he replac ement dry she ep was u s ed t o  s imulate  the livewe i ght 
pro f i le of ewe hogge t s  f r om Ma s sey Universi t y ' s  Tuapaka hill c ountry 
unit and Riverside f arm . 

The initial  livewe i ght for the ewe lamb on January 1 s t wa s 
entered into the mod e l .  The ME int ake o f  the ewe hogget wa s 
manipulated  t o  genera t e  t he actual monthly l iveweight profile of the 
ewe ho gget f r om Janu ary , until t he end o f  September ( Table 4 . 5 ) .  The 
mod e l  s imul a t ed t he wool produc t i o n  for t he period J anuary to the e nd 
o f  September when t he hog ge t s  we re shorn . This wa s t hen comp ared t o  
t he a c t u a l  levels  o f  produc tion achieved o n  the two farms ( Table 4 . 5 ) . 

The mode l  over-e s t ima t ed woo l  produ c t i o n  f or the Per endale breed 
and where anima l s  had a maj or animal health problem . For example , in 
1 98 6  whe n  the Tuapaka ewe hogget s  had a viral pneumonia problem -
r e f l e c t ed i n  the poor liveweight g ains - t he model over - e st ima t ed woo l  
produ c t ion b y  0 . 9  kg / HEAD . S imi larly in 1 9 8 5 , t he River side ewe 
hogg e t s  had s c abby mouth in Apr i l ,  and l o s t  l ivewe i ght . In t hi s  c a s e  
t he mode l  o ver- e s t ima t ed summer woo l  produ c t io n  b y  1 . 75 kg . However , 
f or the period May t o -

S ep t ember t h e  model predi c t ed 2 . 6  kg of woo l  
produc t i o n , and t he actual  c lip wa s 2 . 8 kg . Thi s preliminary 
validat i o n  sugge s t s  that t he model  simu l a t e s  woo l  produ c t ion with 
r e a s onable a c curacy for Romney ewe hogg e t s  t hat d o  not suf fer from 
serious  a nimal health problems . 
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Table 4 . 5  A Compari s on of Simulat ion Generated Woo l  Produc t i o n  and 
Ac tual  Woo l Product ion on Mas sey Univer sity ' s  Tuapaka � 

Hill Unit and River side Farm . 

Liveweight Prof ile ( kg )  

Tuapaka Rive r s ide 

Breed Perendale Romney Romney Romney Romney 
Year 1 9 8 2 / 8 3  1 9 8 4 / 8 5  1 98 5 / 86 1 9 8 2 / 8 3  1 9 84 / 8 5  
Month 
J anuary 2 7 . 7  2 4 . 8  2 5 . 2  2 8 . 5  2 6 . 5  
F ebruary 3 0 . 0  2 8 . 3  2 6 . 8  2 9 . 5  2 9 . 0  
March 3 1 . 5  3 0 . 1  2 7 . 8  30 . 0  3 0 . 5  
Apr i l  3 2 . 5  30 . 3  2 8 . 7  30 . 0  2 8 . 5  
May 3 3 . 8  3 2 . 7  2 9 . 8  34 . 0  3 2 . 0  
June 3 4 . 9  3 3 . 1  30 . 8  36 . 5  3 4 . 0  
July 3 6 . 7  3 4 . 9  3 1 . 5  3 7 . 0  3 8 . 0  
August  4 0 . 3  3 8 . 1  3 2 . 8  3 8 . 5  40 . 0  
Sept ember 4 5 . 9  4 1 . 6  3 3 . 2  40 . 5  4 3 . 0  

Fleecewe ight : 

Ac t ual 3 .  9 3 . 0  2 . 0*  2 . 9  2 . 8* 
S imu lated 3 . 6  3 . 3  2 . 9  2 . 8 4 . 5  

May- Sep : 
( Perendale s )  ( 2 .  2 )  Actual 2 . 8  

Predi c t ed 2 . 6  

*Anima l Health Problems 

4 . 2  The Pasture Mode l . 

The main ob j ec tives o f  building a pa sture model were -

1 )  To demons t r a t e  the e f f e c t  o f  pasture cover o n  pasture growt h 
rat e s .  

2 )  T o  demons t r a t e  the e f f e c t  o f  pasture cover o n  pa s ture 
quality . 

3 )  To  demons t r a t e  the e f f e c t  o f  pasture cover o n  ewe and l amb 
int ake and subsequent perf ormance by linking t he pas ture 
model t o  the lact>a t io n  mode l .  

The output o f  the more detai led pasture simulat i o n  mod e l  c ou l d  
t hen be c ompared wit h  that f rom t he initial f eed bud g e t ing approach . A 
number o f  d i f f i cu l t i e s  were conf ront ed in u s ing McC a l l ' s  pasture  mod e l  
relationship s . F i r s t , the model required the input o f  a r ange o f  
c limat i c  data  o n  a d a i ly basis . The persona l compu t e r  did  not  have 
the s t orage c apac i t y  to hand le this amount o f  dat a . S ec ondly , t o  
generate an ident i c a l  s e t  o f  average monthly growth r a t e s  t o  that u sed 
i n  the i ni t i a l  f eed budg e t  ( Table 2 . 1 )  using daily c lima t i c  data wou l d  
b e  ext reme ly di f f i cu l t , even i f  the s t orage problem c ou ld be overc ome . 
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The alt ernat ive wa s t o  generate  a set  of pot ential mont hly 
pasture growth r a t e s  based on average monthly c limatic  data availa�le 
at  Tuapaka . The se c ould then be linked t o  McC all ' s  func t ions  that 
d e s c ribed the e f f e c t  of pasture c over on pasture growth rat e and 
pas ture quality . To  u se these func t io ns both green pasture growth 
r a t e s  a nd ne t dead mat t er accumulation  r a t e s  had to be generat e d . 

4 . 2 . 1  The Tuapaka Pasture G rowth Model . 

The Gene r a t i o n  o f  Potential Pasture Growth Rat es : The init i a l  
requirement f or t he c onstruc tion  o f  a p a sture mod e l  spec i f ic t o  t he 
Tuapaka hill c ountry unit wa s t o  c orre l a t e  pa sture growth rat e s  wi th 
c li ma t i c  data  t o  a l low t he generation of  pot e nt i a l  pasture growth 
r a t e s  that could t hen be linked into McC a l l ' s  pasture func t ions . The 
author had c o l l e c t e d  pasture growth r a t e  data on a fortni ght ly b a s i s  
for the l a s t  f o u r  year s . Thi s mea sure i nc luded b o t h  green pasture 
growth a nd dead mat t er c omponent s a s  shown in Equ a t ions 4 . 1  a nd 4 . 2 .  

P . G . R . G . P . G . R . + NDMA Eqn . . .  4 . 1  

NDMA P . S . R .  - DM . D . R . R .  Eqn . . .  4 . 2  

P . G . R . Past ure growth rate  ( kg DM/HA/DAY )  
G . P . G . R .  Green pasture growth r a t e  ( kg DM/HA/ DAY ) 
NDMA N e t  dead mat t er accumu lat ion rat e ( kg DM/HA/ DAY ) 

P . S . R .  = P a sture senesc e nce rat e ( kg DM/HA/ DAY ) 
DM . D . R . R . =  Dead mat t er decay and r emoval r a t e  ( kg DM/HA/ DAY ) 

The Tuapaka average monthly pasture growth ra t e s  were obt ained 
from a r ange of green pasture c over leve l s . The se were convert ed t o  
p o t e n t i al pasture growth r a t e s  ( i . e .  whe n  green pasture cover wa s non
l imi t ing ) by s c al i ng acc ording t o  the average leve l o f  green p a s t ur e  
c over a t  t h e  t ime o f  mea surement using McC a l l ' s  green past ure cover 
func t i o n s . ( The s e  s imulated the e f f e c t  of dif ferent levels o f  green 
p a s t ure c over on p a sture growth r a t e ) .  

E f f e c t  o f  C l imat ic Variable s on P a s t ur e  Growth Ra tes  a t  Tuapaka : 
During the s ame period t hat pasture growth r a t e s  wer e  collected  soi l  
t emperature  data  ( 1 0 ern depth)  a nd soil  moi s ture d a t a  ( 7 5 mm dept h )  
had been  rec orded o n  a f o r t ni ght ly basi s .  Rainfall data  has been 
r e c orded a u t oma t i c a l ly o n  a daily ba s i s , and sunshine hours are 
r e c o rd e d  o n  a daily basis at  the D . S . I . R .  weather s t at ion 2 0  km south 
of Tuapaka during the  same period . Mult ip l e  regr e s s i o n  analysis ,  u si ng 
s o i l  moi s t ur e , s o i l  t emperature , rainf a l l  a nd sunshine hours  a s  the  
i nd e p e ndent variabl e s  and  pot ential  p a s t ure growth r a t e  a s  the 
d e pendent var iab l e , wa s carried out o n  the data set ( Table 4 . 6 ) . 
P a st u r e  growth r a t e s  were t hu s  related t o  the clima t ic variable s i n  
e a ch o f  t he f our s e a sons t hroughout t he year ( autumn , wint er , spring , 
s umme r ) .  
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Table 4 . 6 :  Multiple Regre s sion Analysis  o f  Pasture Growt h Rat e s  and 
C limatic Dat a . 

Months J an-Feb May & June 

Predic t or Variables 

Soil Temperature * 1 .  4 1 4  3 . 5 86  
Soil Moi sture + 1 . 2 6 9  -0 . 3 9 6  
Rainfall tt -0 . 008 0 . 0 7 1 0  
Sunshine Hours X - 1 . 080 -0 . 0 0 3 3 4  
I nterc ept 

2 
- 1 9 . 5  - 1 5 . 7  

r 0 . 9 3 0 . 9 9 
S . D .  2 . 8 7 1 . 1 0 

* Mo nthly 
+ Monthly 
tt Monthly 
x Monthly 

average ( 1 0cm,  
average ( 7 . 5 cm 
t o t a l  ( mm )  
t o t a l  ( hour s )  

0 
3 . 00pm ,  C )  
% mo isture ) 

Jul- Sept O c t -Dec 

2 . 1 88 8 . 0 96  
0 . 1 38 8 . 8 1 9  

-0 . 008 0 . 9 6 8  
0 . 038 0 . 5 9 0  

1 3 . 1  - 5 2 1 . 2  
0 . 940 0 . 9 9 7  
1 . 3 0 0 . 6 9 

The resu l t s  ind}c at e  that  po t en t i a l  p a s t ure growth rat e s  are 
highly correlated (r  > =  0 . 9 3 )  wi th the f our c limatic var iables and 
show that  these  variables which were inc luded in McCa l l ' s  past ure 
growth func ti ons , could be used wi th c o nf idence t o  predic t pasture 
growth rat e s . 

The Dead Mat t er C omponent of the Sward : I n  McC a l l ' s  mode l ,  dead 
mat t er accumu lated as a result of pasture sene s c ence , whi ch in turn 
was related t o  green pasture cover and soil mois ture c ont ent . The 
removal of dead herbage wa s a func t i on of earthworm a c t ivity and 
mi crobial decay . 

The data c o l l e c t ed at Tuapaka for the  d ead ma tter  c ompo nent o f  
the sward wa s t oo crude to different i a t e  between sene s c e nc e , d e c ay ,  
and earthworm activity . For this reason , net dead mat t er ac c umulat ion 
rat es  o nly , we re used in the pasture mod e l .  

McCall ' s  model sugge s t ed that the d e ad mat t er c on t ent o f  the 
sward would increase through the spring due to the death and 
sene s cence o f  reprodu c t ive t i l l er s , a nd that this would be a c c entua t e d  
by l ow s o i l  mo i sture levels  i n  l a t e  spring and summer . Through t he 
autumn period dead mat t er leve l s  would n o t  f a l l  appr ec iably unt i l  t he 
autumn rains , when mic robial  decay and earthworm act ivity reduced dead 
mat t er leve l s  through the late  aut umn and win t er months . The d a t a  
c o l l e c t ed at  Tuapaka foll owed t h i s  t r e nd . 
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Two regression equat ions t h a t  r e la t ed net d ead herbage 
accumulation rate to average green pa s t ur e  c over and to s o i l  moi s t �r e  
c ont ent wer e  derived f rom the Tuapaka d a t a  f o r  the period Sept ember t o  
March ( Fi gure 4 . 1 ) .  Data c o llec t e d  at Tuapaka f or the period Apri l  t o  
J une showed that t he r a t e  o f  d e a d  mat t e r  r emoval was an average o f  
1 . 0% o f  t he init i a l  ma s s  o f  dead mat t e r  ( kg DM/HA ) a t  the s t ar t  o f  
each mont h .  Thi s f i gure was used f o r  the period April t o  Augu s t . 
Within year chang e s  i n  the dead ma t t er c omponent o f  t he Tuapaka 
pas ture mod e l  were there fore described by t hree e quat i o ns . 

P a s t ur e  Quality:  The pasture mod e l  u s e s  the relatio nships 
derived by McC all  t o  c a lculate the qua l i t y  o f  the pas t ure sward and of  
the diet  c onsumed by t he grazing anima l . P otent ial  monthly sward 
digestibility is based on U llya t t ' s  d a t a  ( 1 9 7 8 )  f or a brownt o p  
dominant sward . Green digestibility i s  inversely related t o  green 
pasture c over . Average sward dige s t ibi l i t y  is  calculated f rom the 
ratio of dead : green , wi th the digestibility  o f  dead herbage a s sumed to 
be 3 3 %  . 

The digest ibi lity o f  diet i s  r e l a t e d  t o  average sward 
dig e s t ibi lity . The gro s s  energy cont ent o f  the sward wa s a s sumed to be 
1 8 . 4  MJME / kg DM and the conversion e f f i c ie ncy of dige s t ible  energy t o  
met abo l i s able  energy wa s a s sumed t o  b e  8 1 %  . Using the se r e l a t ionships 
the mode l  can  c alculate  the ME cont ent of t he herbage c onsumed by t he 
grazing animal . 

The P a s ture Model Structure : The p a s ture sub-mod e l  f ormat i s  
ba sed  o n  that u s ed t o  develop monthly f e ed budget mod e l s  ( Table 4 . 7 ) .  
I nput includes f arm area , green p a s t ur e  c over and dead pastur e  cover 
( at 1 st J anu ary ) , average daily anima l i nt ake for each mont h ,  and 
monthly c l ima tic  data . From thi s , the mod e l  calculates the rate o f  
green pa s t ur e  growt h ,  b a s e d  on t h e  a c t u a l  pas ture growth rate , and the 
rate  o f  dead mat t er a c c umulation or removal  ( Equation 4 . 3 ) . 

G . P . G . R .  

G . P . G . R . 
A . P . G . R . 
DM . A . R .  
DM . R . R .  

A . P . G . R .  - DM . A . R .  + DM . R . R .  

Green pasture g r owth r a t e  
Ac t ual pasture growth r a t e  
Dead mat t er accumu l a t i o n  r ate 
Dead mat ter removal r a t e  

E qn . . .  4 .  3 

( kg DM/HA/ DAY ) 
( kg DM/HA/DAY ) 
( kg DM/HA/DAY ) 
( kg DM/HA/ DAY ) 

The green pas t ure growth rates  are then transferred int o t he summar y  
she e t  at t he top o f  t h e  mod e l . 
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The Ra t e  of Net  Dead  Herbage Ac cumulation as a Perc ent age 
of Ave rage Green C over Versus Soil Moi s ture Percentage at 
Tuapaka for the Period September to  Mar ch . 

• 

2 0  2 5  3 0  3 5  4 0  

% S o i l  Mois ture 

Func t i o ns 

Soil  Moi st ure < 3 1 %  y 0 . 86 6 8  - 0 . 0 1 88 3 X 

Soi l Mo i sture >.t 3 1 %  y 2 . 5 2 8 - 0 . 0 7 2 5 X 
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An average daily ME int ake for  each  monthly period for  stock 
c l a s s e s  i s  entered into the summary sheet . Thi s i s  conver t e d  t o  dry 
ma tter  intake on a per hec t ar e  basis , by dividing by the relevant �E 
c ont ent o f  the feed . I t  i s  a s sumed that the stock wi ll only consume 
green dry mat ter , henc e anima l int ake ( kg DM/HA/DAY )  i s  subtrac ted 
from the green pa sture growth ra t e ,  t o  pr odu c e  t he net 
accumulation/ l o s s  per day . Thi s value is mul t iplied by the number o f  
days i n  the month and added t o  the initial g reen pasture c over leve l 
to c a l c ulate the end o f  month green pas ture c over . Green pasture c over 
during the month is averaged and u sed t o  c a lculate  pa sture growth 
ra t e s , pasture qua lity , and dead mat t er accumulation.  Simi larly , the 
final dead portion o f  pasture c over is c a lcu lated by the mode l .  It 
add s  the net change in dead mat t e r  during the month - c a l cu l ated by 
the " Dead Ma tter Func tion" - in the s ame manner as the green component 
described ear lier . The derived average monthly level o f  dead herbage 
is also  used in the c al c u lation of pasture quali t y .  P a s ture cover at 
the end of each period is the sum of the dead and green c omponent s .  

The " observed" pasture growth rate  ( i . e .  that whi ch actually 
desc ribes the change in past ure c over betwe en mea surement s )  i s  derived 
by c a lculat ing the daily change in pas ture c over and adding to  thi s 
the average daily anima l int ake f or t hat month ( Equation 4 . 4 ) .  

OPGR = [ ( FPC - IPC ) / n ]  + AD I 

OPGR 
FPC 
IPC 

n 
AD I 

Observed pasture growt h rate 
F ina l pasture c over 
Initial pa sture c over 
Days per period 
Average daily animal int ake 

( kg DM/HA/ DAY ) 
( kg DM/HA) 
( kg DM/HA) 
( DAYS )  
( kg DM/HA/ DAY ) 

Eqn . . .  4 .  4 

The pasture qua lity and average green pasture cover output from 
the pas ture model c an be linked to  the lac t a t ion model to  provide 
pasture data to  calculate  ewe and lamb intake s ,  whi ch in t urn feed 
back and mod i fy pasture c over . A number o f  i t erat ions are required 
before a f inal solution i s  reached . 

The pasture model requires appr oxima t e ly 3 0  mi nu t e s  t o  run . The 
e f f e c t  of d i f f erent leve l s  of pasture c over on pa sture gr owth rate  and 
pasture qua lity can be readily demonstrated . H owever , due to the 
nature o f  the data used to  c onstruct some of the c ompo nent s of 
this mode l ,  the out put mus t  be vi ewed wit h  caut ion . 
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4 . 2 . 2  C omparison Between Ac tual P a s t ure G rowth Rat e s  and Mod e l  
S imulated  Pa sture Produc t io n . ·-

The pasture mod e l  was run for the 1 9 8 4  year - t he only year in 
whic h  a full pasture produc t ion data s e t  wa s available f or Tuapaka . 
The initial green / dead pasture cover c omponent s and t he monthly 
c lima t i c  data for t he 1 9 84 year were ent e r ed int o t he mode l . Anima l 
int ake per hec t are wa s manipulated t o  produce a patt ern o f  pasture 
c over identical  to  t hat recorded in 1 98 4 . The simulated pasture growth 
r a t e s  wer e  t hen c ompared to t he actual p a s t ur e  growth rates  r e c orded 
i n  1 9 8 4  ( Figure 4 . 2 ) .  The simulation mode l  produ c e s  p a sture growth 
r aze s  t ha t  c l o sely mat c h  actual pasture g r owth rat e s  f or the 1 9 8 4  year 
( r  ; 0 . 9 5 ) .  Although , a full c ompari son c ould o nly be mad e  for t he 
one yea r ,  this result  provides initial c o nfidence t o  u s e  the pasture 
mod e l  t o  inve stigate  d i f f erent sheep farming syst ems . 

4 . 3  Summary. 

The construc t i o n  o f  animal and pasture s imulation models  on 
spread sheet s  c an be achieved relatively e a s i ly . The animal s ub-mo d e l s  
derived from McCall ' s  mathematical relationships a r e  s imple to  u se ,  
and t he output is  wel l  presented and e a s ily underst o od . Ini t ial t e s t s  
o n  t he validation o f  t he wool production funct ions suggests  that t he 
mod e l s  produce feasible re sult s for Romney ewe hogge t s  with no ma j or 
anima l health problems . 

A r ange of anima l intakes can be ent e r e d , and output in t erms o f  
animal perf ormanc e i s  produced . The output f rom these models c a n  be 
c ompared with the r e s u l t s  o f  the initial  f e ed budgeting analys i s . The 
mod e l s  c ould be useful  for inve s t igat ing "what i f "  que s t io ns , such a s  
the e f f e c t  o f  under-f e ed ing o n  a pregnant o r  lactat ing ewe . They c ould 
a l s o  be r ebuilt to  produce data on anima l f eed requirement s for  any 
given level o f  animal performanc e .  Thi s wou ld provide a highly 
f lexible c omputerised version of the M . A . F .  f eed t able s ,  where animal 
liveweight and the r equired levels of p e r f o rmance are entered , and 
animal r e quirement s a r e  produced as outpu t . 

The past ure mod e l  has been const ructed  t o  demons t rate t he e f f e c t  
o f  p a sture  c over on p a s ture growth r a t e  and p a s ture quality using d a t a  
c o l l e c t e d  fortnight ly a t  Tuapaka . The pauc i t y  o f  data  from whi c h  s ome 
r e l a t ionships were derived means that the r e sult s generated  should be 
t r e a t ed wit h  s ome c au t ion - although t hey do simu l a t e  t he data 
c o l l e c t ed at Tuapaka by t he author during 1 9 8 4  wit h  t he required 
r e a l i sm .  However ,  further data needs to be c ollected  over a number of 
year s to f ully valid a t e  the model .  

The pasture mod e l  c an be used t o  inve s t igate  the e f f e c t  o f  
d i f f e rent pat t erns o f  f ee d  d emand on p a s t ur e  growth r a t e s  and pasture  
qua l i t y . It  c an also  be  linked t o  the anima l models  t o  i nve stigate  t he 
e f f e c t  o f  pasture c over and pa sture qua lity o n  anima l intake and 
s u b s e quent performance .  
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The ma j or d e f i c iency wi th t he s e  sub-mode l s  i s  the t ime t aken to  
c omplete  a run . Run t ime s f rom 15  minu t e s  up t o  3 hours d o  not  al lQw 
the int era c t i on between the model and the operat o r  t hat wa s hoped f o r . 
The mod e l s  were bui l t  on Micro so ft s '  Mul t iplan spreadshe et program. 
More rec e nt ly developed larger spreadshe et s ,  such as L o t u s  Symphony 
( 8 1 9 2 r ows deep and 2 5 6  c olumns wid e )  o f f er muc h  greater f lexibi lity 
and would run the mode l s  much f a s t er ( Journeaux , 1 9 87 ) . 
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Chapter  Five 

A Comparison of Simulat ion Mod e l ling Output With S imple Feed 
Budgeting Techniques . 

5 . 0  Introdu c t i o n .  

A number o f  areas where the f e e d  budg e t ing approach may have 
limitat ions were ident if ied in C hapter Thre e .  I t  was c onc luded that 
these inadequac i e s  could be quantified through the use o f  simu la t i o n  
mod e lling . The c onstru c t ion of mode l s  for t his  purpo s e  wa s described 
in Chapter Four . Due to c onstra int s placed on t he size of the s tudy , 
only two of the i s sues rai sed in Chapt er Three wi l l  be  addressed . 
The se c oncern , fir s t , the lack o f  obj e c t ive data available from the 
feed t ables on the expec ted leve l o f  wo o l  produc tion f o r  a given level 
o f  feed intake , and sec ondly,  t he inabi lity o f  the feed budget ing 
approach t o  t ake into account the interac t i on be tween pasture c over , 
pasture growth rate , pasture qua lity and animal intake , and the 
e f f e c t s  that these have on leve l s  of animal performanc e .  I n  thi s 
chapter how the models  were used t o  addre s s  these i s s ue s ,  the r e s u l t s  
obtained from the simulat ion runs and a c ompari son o f  these wi th the 
initial  feed budg e t  results  are disc u s sed . 

5 . 1  Wool Product i on Analys i s .  

5 . 1 . 1 Methodo logy .  

The obj e c t ive of this part of the st udy wa s to c ompare the ou t put  
of woo l  product ion obt ained from simu la t ion mod e lling wi th tha t  used 
in the analysis in Chapt er Two . The simu l a t ion models  u s ed in this 
st udy cons i s ted of -

1 )  Models of a twin and single rearing ewe s ,  divided int o t hree 
time periods i . e . weaning t o  t upping , the period of 
g e s t a t i o n ,  and the period o f  lac t a t ion . 

2 )  A ewe hogget model for  the period from weaning t o  two t o o th 
shearing , where the anima l reaches a post - s hearing two t o o t h  
liveweight o f  either 50  k g  or  6 0  kg . 

3 )  A r am lamb modelled for t he period from weaning t o  s laughter . 

4 )  A ewe lamb modelled f or the period from weaning t o  s l aught er .  

For each s t o c k  c l a s s  the ini t ia l  l iveweight o f  the anima l wa s 
entered int o the simulat ion mode l , along wi th an e s t ima t e  of t he 
average green pasture cover f or each mont h ,  the pa s ture quality in 
MJME / kg DM and the feed requirement s used in the feed budget  analysis  
in Chapter Two . F rom t his informa t i on t he model derived woo l  growth 
rate s .  This was perf ormed for each s t o c k  c la s s  wi thin the 1 00 %  and 
1 3 2 %  f l ocks . 
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Details  o f  liveweight , livewe ight gain,  t he produc t s  o f  
g e s t a t io n , and mi lk yield were also produc ed , but thi s h a s  no t been 
analysed in thi s s tudy . 

5 . 1 . 2 Re su l t s  and D i s c u s s i on .  

The physical  wool produc t ion f o r  each c lass  o f  stock i s  
summari sed in T able 5 . 1 .  The level o f  wool produc t i o n  f or t he t r iplet 
rearing ewe was extrapolated from t he c onver sion e f f i c i ency o f  wool 
produ c t i on from energy ( MJME ) int ake o n  an annual basis for  twi n and 
s ingle r earing ewe s . The s ingle rearing ewe had a c o nversion 
e f f i c i e ncy o f  1 . 4 5 MJME c onsumed per  g ram of wool produced ,  c ompared 
to 1 . 72 MJME consumed per gram of wool produced for a twin rearing 
ewe . 

The percentage deviat ion between t he estima t e s  i s  summarised  in 
Table 5 . 1  . Thi s demonst r a t e s  t hat t he o r i ginal subj e c t ive e s t imate s 
on woo l  produ c t i on ( c ompared wi th the s imu lat ed d a ta ) ,  varied f r om an 
8 . 9 % over-est ima t i on up to a 50%  under- e s t imat i o n .  

Table 5 . 1  A Comparison of Woo l  Produc tion ( kg )  Generated by Simu l a t i on Wi t h  
E s t imat e s  Used  in t h e  S imple Feed  Budget Analysi s . F i gu re s  i n  
Bracke t s  are t h e  Deviat ion ( % )  Be tween t h e  E s t imat e s .  

l O O% Flock 1 3 2 %  F lo c k  

E s t imat e  Simulated Difference E s tima t e  Simu l a t ed D i f f erence 
Wool C lip 

Triplet Ewe - - - - - - 4 . 5  5 . 0 * *  ( l l . l ) 
Twi n Ewe 4 . 5  4 . 6  ( 2 .  2 )  4 . 5  4 . 6  ( 2 . 2 )  
Single  Ewe 4 . 5  4 . 1  ( - 8 . 9 )  4 . 5  4 . 1  ( -8 . 9 )  
L amb l . O l . l  ( 1 3 . 0 )  0 . 8  l . O ( 2 5 . 0 )  
Hogget 2 . 8  3 . 4  ( 2 1 . 4 )  3 . 3 3 . 9  ( 1 8 .  2 )  
Two Tooth 2 . 0 3 . 0  ( 5 0 . 0 ) 2 . 5  3 . 6  ( 44 . 0 )  

C r u t c hing 0 . 2  0 . 2  0 . 2  0 . 2  

Average Ewe 
C li p  + 4 . 5  4 . 3  ( - 4 . 7 )  4 . 5  4 . 8 ( 7 . 0 )  

+ Thi s inc lu d e s  0 . 2 kg c rut ching s .  

* *  The fleec e weight o f  the triplet r e ar ing ewe was ext rapolat ed from data 
on the feed : wool c onver sion e f f i c iency o f  the singl e  and twin rearing 
ewe s , bec ause McC a l l s  model does  not c ontain the mat hema t i c al 
relat ionships for  a t r iplet rearing ewe . 



-83-

The raw simulation data  wa s then used t o  c alculate the f lock 
output in the same format a s  for the f e ed budget  model ( S ection � 

2 . 5 . 1 ) .  Woo l product ion at each ewe shearing wa s based on the 
proportion of t riplet bearing , twin bearing and s ingle bearing ewe s in 
the 1 3 2 %  and lOO% f lo c ks , and the woo l  produc t i o n  for each respective 
stock c l as s . Thi s showed t hat the lOO% f lock ewe s would c l i p  4 . 1  kg 
( 4 . 3  kg l e s s  0 . 2  kg c rut ching s )  and the 1 3 2 %  f lo c k  ewes would c lip 4 . 6  
kg ( 4 . 8  kg less  0 . 2  kg crut ching s ) . 

The physical and f inanc ial indi c e s  for  the two leve ls  o f  
perf ormance across three s t ocking rat e s  using woo l  produ c ti on based on 
sub j ec t ive assessment and s imulation modelling are presented in Table 
5 . 2  . In t he c ase  o f  t he l OO% f lock,  woo l  pr oduc t i on was 
underestimated by 3 . 8  - 4 . 3 % on a per st ock unit basi s , and by 3 . 4  -
3 . 6 %  on a per hect are basi s . The net e f f e c t  o f  thi s wa s t o  increase 
woo l  income by 4 . 0 - 4 . 7 % and the gro s s  margins by 4 . 7 - 8 . 7% . 

The e f f e c t  wa s greater  for the 1 3 2 %  f lo c k ,  where woo l  product ion 
wa s underes tima ted by 1 0 . 4  - 1 1 . 1 % per stock uni t ,  and by 9 . 4  - 1 0 . 2 % 
on a per hectare basi s . The net e f f e c t  o f  this was to  increase  woo l  
inc ome by 8 . 6 - 1 0 . 1 %  and the gross margins by 9 . 7 - 1 2 . 3 % . 

The under-e stima t io n  o f  wool produ c t ion had no e f f e c t  on 
either the be tween f lo ck ,  or the within f lock r anking s ,  in t e rms o f  
pr o fitability . However , i t  did increase the prof i t  margin between the 
1 3 2 %  f lock and the lOO% f lock at the high and medium stocking rate 
options from 2 . 6 - 7 . 5 % t o  6 . 1  - 10 . 2 % respe c t ively,  in favour o f  the 
high pe rformance flock .  For the low s t o c king rate  opt ion the pro f i t  
margin between the 1 3 2 %  f lock and t h e  lOO% f lo c k  inc r eased from 1 6 . 5 % 
to  2 0 . 4% 

I n  summary the n ,  although us ing the simul a t ed woo l  produc tion 
values did not change the ori ginal r anking s o f  t he f l o cks , it  did 
indi c a t e  that the pro f i tability of the high performance f lock wa s 
greater than origina l ly e s t imated . 
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Table 5 . 2 A Compari son of t he Physical and Financ ial  I ndices  Based On Wool 
Produc t ion Gene r a t e d  by Simulation and t he E s t imat e s  U s ed in t he 
Feed Budget Ana ly si s . 

1 00% F lock 

S t o c king 1 2 . 5  S . U .  / HA 1 1 . 5 S . U .  / HA 1 0 . 5  S . U  . / HA 
Rat e  

Estimated S imulated E s t imat ed Simulated E s t imat ed S imulated 
Indi c e s  

Wool ( kg / S . S . U )  4 . 6  4 . 8  5 . 0  5 . 2  5 . 2  5 . 4 
( kg / HA )  5 8  6 0  5 8  6 0  55 5 7  

Wool I nc ome / S . U .  $ 1 3 . 88 $ 1 4 . 4 7 $ 1 5 . 2 5 $ 1 5 . 93 $ 1 5 . 8 9  $ 1 6 . 6 2 
Wool I nc ome / HA $ 1 74 $ 1 8 1  $ 1 7 5 $ 1 8 3  $ 1 6 7 $ 1 7 5 

Total I ncome / S . U .  $ 2 3 . 3 0 $ 2 4 . 2 1  $ 2 7 . 2 4 $ 2 8 . 7 8 $ 2 8 . 3 0 $ 3 0 . 2 6 
Total I ncome / HA $ 2 9 1  $ 3 03  $ 3 1 3  $ 3 3 1  $ 2 9 7  $ 3 1 8  

Gross  Margin/ S . U .  $ 1 8 . 42 $ 1 9 . 3 1  $ 2 1 . 4 9 $ 2 3 . 02 $ 2 1 . 9 0 $ 2 3 . 84 
Gro s s  Margin/HA $ 2 3 0  $ 2 4 1  $ 2 4 7  $ 2 6 5  $ 2 3 0  $ 2 50 

1 32 %  Flock 

S t ocki ng 1 1 . 0 S .  U .  / HA 1 0 . 0  S .  U .  / HA 9 . 0  S .  U .  / HA 
Ra t e  

E s t imated S imulated E s t imat ed Simu l a t ed E s t imat ed S imu l a t ed 
I ndi c e s  

Wo ol  ( kg / S . S . U )  4 . 8 5 . 3  5 . 2  5 . 7  5 . 4  6 . 0  
( kg / HA )  5 3  5 8  5 2  5 7  4 9  5 4  

Wool Income / S . U .  $ 1 4 . 70 $ 1 5 . 9 8 $ 1 5 . 7 7 $ 1 7 . 3 2 $ 1 6 . 5 3  $ 1 8 . 2 6 
Wool Inc ome / HA $ 1 62 $ 1 7 6 $ 1 5 8  $ 1 7 3  $ 1 4 9  $ 1 6 4  

Total I nc ome / S . U .  $ 2 6 . 6 0 $ 2 8 . 7 2 $ 3 2 . 1 7 $ 3 5 . 2 8 $ 3 6 . 6 4 $ 40 . 3 9  
Total I ncome / HA $ 2 9 3  $ 3 1 6  $ 32 2  $ 3 5 3  $ 3 30  $ 3 6 3  

Gro s s  Margin/ S . U .  $ 2 1 . 48 $ 2 3 . 5 6 $ 2 6 . 1 5 $ 2 9 . 2 2 $ 2 9 . 7 9 $ 3 3 . 4 9 
Gro s s  Margin/HA $ 2 3 6  $ 2 5 9  $ 2 6 2  $ 2 9 2 $ 2 6 8  $ 3 0 1  
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5 . 2  The I nt erac t i on Betwe en Pasture Parame t er s  and Anima l 
Per formanc e . 

5 . 2 . 1  Methodology. 

The capacity of the spread sheet program wa s insu f f i c i ent to 
enabl e  the full range o f  s t ock c lasses  on hand through the spring t o  
be s imulated a s  a whole farm. One stock c l a s s  wa s there f ore selec t ed 
and s imul ated over t he spring period t o  gauge the impact  o f  these 
int erac tions on mode l  output . The s ingle re aring ewe wa s used for  t hi s  
purpose , a s  thi s stock c l a s s  best  approxima t e s  e f f ec t s  o f  pasture 
c over and s t ocking rate on the performance obtained from the 1 00 %  
l ambing f lock over the period o f  lac t at ion.  

The mod e l  wa s set -up t o  run the  same number o f  single 
bearing/ s ingle rearing ewe s as specif ied in the origina l  feed bud g e t  
analys i s . The area allocated t o  thi s  mob ,  and hence the stocking r a t e  
wa s based o n  the r a t i o  o f  the f eed c onsumed by the single rearing ewe 
mob , relative to the t o t a l  f e ed consumed by all stock c l a s s e s  thr o u gh 
the spr ing period . Thi s wa s c a lculated to be 1 2 9  HA and gave s t o c ki ng 
r a t e s  on this area o f  1 0 . 0 ,  1 0 . 9 ,  and 1 1 . 9  S . U . / HA for  each of the 
original who le farm stocking r a t e  options ( 1 0 . 5 ,  1 1 . 5 ,  and 1 2 . 5  
S . U . / HA respect ive ly ) . ( The d i f f erence between these f igure s  i s  
explained by ewe l o s ses , c u l l  ewe sales , and the r e l a t ively higher 
int ake s o f  the proport ion o f  twin re ar ing ewe s in the f l ock) . 

Ewe number s ,  shearing date and land area were ent ered int o the  
model as were ewe liveweight at lambi ng ( 5 0 kg ) and lamb birthwe ight 
( 5 . 0  kg ) .  The latter were the same as those in the feed budget 
analysi s .  The weight o f  f l eece on the ewe at lambing was assumed t o  be 
4 . 0 1  kg and 0 . 2 5  kg for the lamb . The se values were obta ined from the 
wo o l  produc tion model ( S e c t ion 5 . 2 ) . 

Pas ture cover on September 1 s t wa s entered for each s t ocking r a t e  
option based on the d a t a  obt ained from the f eed bud g e t  analysi s .  These  
were 1307  kg  DM/HA f or the high sto cking r a t e  option , 1056  kg  DM/ HA 
for  t he medium s t o c king r a t e  option,  and 8 0 5  kg DM/ HA f or the low 
s t ocking rate  opt i on . The c limatic  var iabl e s  - soil  mo i sture , soi l 
t empera ture , rainf a l l , and sunshine hours - were ent ered t o  g ener a t e  
pas ture growth rat e s  c omparable t o  those u s ed i n  the f eed budgeting 
analysi s .  The models  were then act ivated and the simulat ion model 
g ener a t ed the required ou t put . 

5 . 2 . 2 Re sul t s  and Discus sion . 

5 . 2 . 2 . 1  Introduc t i o n .  

Due t o  the c omplex nature of the int eractions invo lved in t h i s  
a na lys i s , the resul t s  and discussion have been split i nt o  three s ub
s e c t ions . The f i r s t  sect ion c oncerns the int erac tions o f  pasture 
c over , pasture growth rat e s , animal intake and s t o c king rat e . The 
s e cond sect ion is c oncerned wi th the e f f e c t  of the d i f f erent l eve l s  o f  
ewe and lamb int ake o n  animal performanc e ,  whil e  pa s t ure qua lity i s  
the sub j ec t  o f  the third s e c t ion.  An overall  summary o f  re sul t s  and 
the conclu s i ons drawn f r om t hem f o llows . 
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5 . 2 . 2 . 2  The Interac t ion o f  Pasture  Cover , Pa sture Growt h Ra t e s , 
Animal Intake , and S t o c ki ng Rat e . 

The pat t e rn o f  pasture c over f or t he three s t ocking r a t e  options 
i s  summarised in Table 5 . 3  . I n  thi s s e c t ion the resul t s  wi l l  be  
d i s c u s sed , for  t he sake of  c larit y ,  mainly in t erms of  t he high and 
low s t ocking rate options , a s  these c over t he two extreme s i n  thi s 
a na lysis . 

Although the higher s t ocking r a t e  option has a higher i ni t i a l  
pasture c over ( 1 3 0 7  k g  DM/ HA vs 805  k g  DM/HA for t he low s t o cking 
rate ) a t  the s t ar t  of lactation,  the two options achi eve s imi lar 
lev e l s  o f  pasture c over by mid-November ( 1 5 4 1  vs 1 5 3 3  kg DM/HA) . By 
weaning ( 3 1 st Dec ) the pasture c over a t  t he low s t ocking rate ( 1 9 9 5  kg 
DM/HA) had surpa s s ed that o f  the high s t o cking r a t e  ( 1 7 1 4  kg DM/HA ) . 
The f e e d  budget analys i s  predic ted a s imilar t rend in pas t ure cover 
leve l s , exc ept that all  three options would achieve the s ame pasture 
c over of  1 800 kg DM/HA at weaning . 

Table 5 . 3  The E f f e c t  o f  S t o c king Rat e  and I nitial Pas ture C over on t he 
Pattern o f  Pastur e  C over Achieved ( kg ( DM/HA) . 

S t ocking Rat e  High Medium Low 
Opt i on 
Period 

I ni t ia l  P a s ture 
C over 1 30 7  1 05 6  805 
Sept 1 - 1 5  1 2 9 3 1 0 98 887 
Sept 1 6 - 3 0  1 2 2 7  1 1 04 954 
Oc t 1 - 1 5  1 2 9 1  1 2 04 1 0 92 
Oc t 1 6 - 3 1 1 3 5 5  1 3 1 9  1 2 6 4  
Nov 1 - 1 5  1 5 4 1  1 5 3 9  1 5 3 3  
Nov 1 6- 3 0  1 7 1 9  1 7 6 5  1 82 3  
Dec 1 - 1 5  1 748  1 8 2 5  1 9 30  
Dec 1 6 - 3 1 1 7 1 4  1 8 3 1  1 9 9 5  

T h e  t hr e e  s t o cking r a t e s  produce a lmo st the s ame t o t a l  d r y  mat t e r  
over t h e  period lambing to  weaning ( Table 5 . 4 ) . F o r  example , the high 
s t ocking rate opt ion produc e s  3 6 8 9  kg DM/HA , c ompared t o  3 6 6 1  kg DM/ HA 
f or t he l ow s t o c king rate  option . Howeve r , the p a t t ern o f  produ c t i o n  
( Table 5 . 5 ) and t he actual half monthly p a s t ure gr owth rat e s  ( Table 
5 . 4 )  d if f er . 
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Thu s , the  high s t ocking rate gener a t e s  pa sture growth r a t e s  o f  1 9  
kg DM/HA/ DAY i n  early lactation,  compared t o  1 1  kg DM/ HA/ DAY for t�e 
low s t ocking rat e .  However , by mid- l a c t a t i o n  ( 1 st - 1 5th  Nov)  t he 
difference in pasture growth rat e s  i s  reduced ( 42 vs 4 1  kg DM/ HA/DAY ) , 
and by late  Dec ember , the l ow stocking rate  opt ion ' s  pasture growth 
rates  ( 3 4 kg DM/ HA/DAY ) exc eed those  o f  the high stocking r a t e  ( 30 kg 
DM/ HA/ DAY ) . These  differenc es in pasture  growt h rates  c a n  be 
a t t ributed to c hanges  in the leve ls  of green pasture cover t hrough t he 
period o f  l a c t a t i o n  ( Table 5 . 6 ) . 

Although a l l  t hree stocking r a t e  options grow approxima t e ly the 
same amount of dry mat ter , the medium and low s t o cking r a t e options 
con sume 1 1 . 1 % a nd 2 4 . 6 % less dry mat t er , re spect ively , than the high 
st ocki ng rate option ( Table 5 . 4 ) . Thi s e f f e c t  is due not only to 
sto cking rate , but a l so bec ause the ewe s and lambs o f  the l ower 
st ocking r a t e  options consume l e s s  f e e d  per head over t he period o f  
l a c t a t ion ( Table 5 . 4 )  ( i . e .  The ewe plus  lamb u n i t  o f  t he high 
st ocking rate option consume 2 7 6  kg DM/ UNIT compared to 2 48 kg DM/ UNIT 
for the low s t o cking rate option ) . 

Chang e s  i n  pasture c over over the  period of lac t a t i o n  are a 
func t i on of the balance be tween feed s upply and feed demand ( Table 
5 . 4 ) . Thus , in the first month of l a c t a t i o n  feed demand ( 1 9 kg 
DM/ HA/ DAY ) , exc eeds feed supply ( 1 8 kg DM/ HA/ DAY ) for the high 
st ocki ng rate  option : in the low s t oc ki ng rate  option demand ( l l  kg 
DM/HA/ DAY ) i s  l e s s  than f eed supply ( 1 6 kg DM/HA/DAY ) . As a r e sult , 
pasture c over dec lines ( - 7 5  kg DM/HA/MONTH ) for the high s t ocking rate  
optio n ,  but  incre ases  ( + 1 4 9  kg  DM/HA/MONTH ) at  the l ow s t o c king rate  
f or the first  month of lactatio n .  Thi s sugg e s t s  that  greater  feed  
re serve s need t o  be on hand at lambing for the  high s t o c king rate from 
wi nt er saved pasture or t he use of ni t r o g e n .  Alt ernative ly , the 
lambing date  c ould be shi f t ed later . 

Feed demand i s  also a func tion o f  ewe and lamb intake s . I n  early 
l a c t a t i o n  the high stocking rate opt i o n  ha s an average ewe plus lamb 
int ake of 1 . 6 3  kg DM/UNIT/DAY c ompared t o  1 . 06 kg DM/ UN I T / DAY for the 
l ow s t ocking rate  option ( Table 5 . 7 ) . Thi s is primarily due to the 
higher l eve l of green pas ture c over o n  the high sto cking r a t e  area . 
The c ombined e f f e c t of a l ower s t o c king r a t e  wi th reduced ewe and lamb 
i nt akes ( due t o  l ow green pasture c over ) i s  t o  increase  p a s ture c over 
in early l a c t a t i o n .  Thi s is despi t e  the reduced pa s t ure growth r a t e s  
resulting from t he lower leve ls  o f  green pasture cover . 

By mid- lac t a t i o n  t he differenc e s  i n  green pasture c over have been 
r educ e d  ( 1 2 0 7  vs 1 1 7 3  kg DM/HA )  a nd a s  a result , ewe plus l amb int akes 
are s imi lar ( 2 . 4 7 vs  2 . 3 2 kg DM/UN I T / DAY ) . By late lac t a t i o n ,  the 
green pastur e  cover leve l of the l ow s t o cking rate o p t i o n  is 
c onsid er ably hi gher than the high s t o c ki ng r a t e  option ( 1 5 30 vs 1 300 
kg DM/HA) and the ewe plus lamb unit o f  the low s t o c king  rate option 
c o nsume a higher l evel o f  dry mat t er ( 3 . 00 vs 2 . 7 3 kg DM/ UNI T / DAY ) . 



Table 5 . 4 The Effect o f  Stocking Ra te and I nitial Pasture Cover Levels on Feed Supply and 
Feed Demand . 

Stocking Rate High Medium 
Option 

Period : Supply Demand Dif ference Supply Demand Di f f erenc e  Supply 
�. DM/HA/ D kg DM/HA/D k__g_ DM/HA/D kg DM/ HA/ D kg DM/ HA/D kg DM/ HA/ D kg DM/HA/D 

Sept 1 - 1 5  1 8  1 9  - 1  1 8  1 5  3 1 6  
Sept 1 6- 3 0  1 8  2 3  - 5  1 8  1 7  1 1 7  
Oct 1 - 1 5  2 8  2 4  4 2 7  2 0  7 2 5  
Oct 1 6 - 3 1 2 9  2 5  4 2 8  2 1  7 2 7  
Nov 1 - 1 5  4 2  2 9  1 3  4 1  2 7  1 4  4 1  
Nov 1 6 -30  4 4  3 2  1 2  4 5  3 0  1 5  4 5  
Dec 1 - 1 5  3 3  3 1  2 3 4  3 0  4 3 5  
Dec 1 6 - 3 1 3 0  3 2  - 2  3 2  3 1  1 3 4  

Total Supply 
( kg DM/ HA )  3 6 8 9  3 7 0 5  3 6 6 1  

*% Devi ation +0 . 4 % -0 . 8% 

Total Demand 
( kg DM/H.D) 3 2 8 2  2 9 1 7  

*% Deviation - 1 1 . 1 % 

Per head demand 
( kg DM/HD)  2 7 6 2 6 8  

*% Deviation - 3 . 0 % 

* From High S . R .  Option 

L ow 

Demand 
kg DM/HA/D 

1 1  
1 2  
1 6  
1 6  
2 3  
2 6  
2 8  
3 0  

2 4 7 6  

- 2 4 . 6 % 

2 4 8  

- 1 0 . 2 % 

Di f f erenc e  
kg DM/ HA/D 

5 
5 
9 

1 1  
1 8  
1 9  

7 
4 

I 
CX> 
CX> 

I 
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Table 5 . 5  The Propor t ion o f  Tot a l  Feed Supply Produced Over the 
Period of Lactat ion for the Thre e  S t o c king Ra t e  Option�. 

Stocking Ra t e  High Medium Low 
Option 

Sept ember 1 4 . 7% 1 4 . 6 % 1 3 . 5 % 
Oct ober 2 6 . 9 % 2 3 . 0% 2 2 . 0% 
November 3 5 . 0% 3 4 . 8% 3 5 . 2 % 
Dec ember 2 6 . 4 % 2 7 . 6 % 2 9 . 3 % 

Table 5 . 6  The E f f e c t  o f  the Average Level o f  Green Pasture Cover 
( kg DM/HA ) On Pa sture Growth Rat e s  ( P . G . R . ) 
( kg DM/HA/ DAY ) . 

S t o c king Ra te High Medium Low 
Opt ion 

Av . Green Av . Green Av . Green 
Pasture Pasture Pasture 
Cover P . G . R .  C over P . G . R . Cover P . G . R .  

Sep 1 - 1 5  1 1 4 5  1 8  9 2 2  1 8  6 9 3  1 6  
Sep 1 6 - 3 0  1 0 94 1 8  9 3 8  1 8  7 6 0  1 7  
Oct  1 - 1 5  1 0 7 7  2 8  9 7 7  2 7  85 1 2 5  
Oct  1 6 - 3 1  1 1 1 9 2 9  1 0 6 3  2 8  9 8 7  2 7  
Nov 1 - 1 5  1 2 0 7  4 2  1 1 9 5 4 1  1 1 7 3 4 1  
Nov 1 6 -30 1 3 3 5 4 4  1 3 6 4  4 5  1 3 9 8  4 5  
Dec 1 - 1 5  1 3 7 4 3 3  1 4 3 9  34 1 5 2 6  3 5  
Dec 1 6 - 3 1 1 3 00 30  1 3 9 7  3 2  1 5 30 34  
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Examination o f  t he ewe int ake s shows that they f o ll ow t he same 
p a t t ern as discussed above ( Table 5 . 8 ) .  Low s t o c king rate ewe s achieve 
t he same level o f  ewe int ake ( 1 . 8 kg DM/EWE / DAY ) as t he high stocking 
r a t e  option in early November , but their lambs d o  not reach the s ame 
level of dry mat ter  int ake a s  t heir c o unterpart s unt i l  early Dec ember . 
Thu s ,  overa l l  t he l ow s t o c king rate  lambs c onsume les s dry mat ter t han 
t he high stocking rate  lamb s ( 0 . 8 6 vs 0 . 7 2 kg DM/LAMB / DAY ) . Thi s 
d i f f erenc e  in lamb intake s can be a t t r ibut ed to  differenc e s  in lamb 
liveweight ( - McC a l l ' s  func tions suggest  that lamb dry mat t e r  int ake 
is particularly sensitiv e  to thi s parameter ) .  Ana lys i s  of l amb 
livewe ight s shows t ha t  a t  the e nd o f  November t he low stocki ng rate 
lambs were 3 . 4  kg lighter t han the high stocking rate  ( Table 5 . 7 ) . 

As the differences i n  lamb livewei ght between the s t ocking rate 
o p t i ons in late  lac t ation  dec line s , t he low stocking rate l amb int ake 
exc e e d s  t ha t  of t he high s t oc king r a t e  option ( 1 . 2 1  vs 1 . 1 6 kg 
DM/LAMB / DAY ) , because  of the higher green pasture cover ( 1 5 3 0  vs  1 300 
kg DM/ HA)  and lower stocking rate  t ake effec t . 

The average half monthly ewe int ake s for the t hree s t o c king r a t e  
o p t ions are summarised in Table 5 . 8 .  Ewe int ake i s  basically a 
func tion o f  green pastur e  c over and s t ocking rat e . I n  early lactation 
t he high s t ocking rate  ewe s c onsume 4 5 %  more dry mat t er ( 1 . 6 v s  1 . 1  kg 
DM/ EWE / DAY ) t han the low s t ocking r a t e  option.  Thi s c an be a t t ribu t ed 
t o  t he higher levels o f  green pas ture c over ( 1 1 4 5  vs 6 9 3  kg DM/HA) for 
the high stocking rat e option . I t  i s  not until mid- lactation when 
d i f ferenc e s  in green p a s t ur e  c over levels are smal l  t hat t he l ow 
s t o c ki ng rate  ewe s reach a similar level of intake and then begin t o  
exc eed that o f  the high s t ocking rat e ewe s . Ewe i nt akes acro s s  a l l  
s t o cking r a t e s  increase  f r om the s t a r t  o f  November d u e  t o  t h e  effec t s  
o f  shearing o n  int ake . 

The higher ewe int ake s o f  the low s t ocking r a t e  option i n  late 
l a c t a t ion c ompensat e s  t o  s ome degree f o r  the low l eve ls o f  int ake in 
early lactat ion . As a result only 1 0% less dry mat t e r  i s  c onsumed by 
the l ow sto cking rate  ewe s over t he period of lac t a t i on ( Table 5 . 4 ) . 

5 . 2 . 2 . 3  The E f f e c t  o f  Ewe and Lamb I ntake o n  Animal Perf ormanc e .  

The e f f e c t  o f  p a s t ure c over and s t oc king rate  o n  ewe int a ke 
e f f e c t s  subsequent ewe perf ormanc e in t hree ways ; livewe ight g ain ( or 
los s ) , wool product ion , and mil k  yield . These are summari s e d  i n  Table 
5 . 7 - 5 . 1 0 .  As would be exp e c t e d  t he level of liveweight gain o r  l o s s  
i s  dependent o n  the level o f  dry mat t e r  intake . 

The higher level s  o f  int ake a chieved by the high s t o c king rat e 
ewe s ( 1 . 6 vs  1 . 1  kg DM/ EWE / DAY ) in early lactation reduces their rate  
o f  liveweight loss  ( - 1 40 vs  -352  gm/ DAY for the low stocking r a t e  
ewe s ) . The higher int ake s o f  t he hi gh s t o c king rate  ewes a llows t he 
ewe s t o  reach a p o s i tive energy balanc e much more qui ckly than the l ow 
s t o c ki ng r a t e  ewe s ( Sept ember 1 st v s  November 1 st ) . As a r e su l t  the 
high s t oc king r a t e  ewe s are 8 . 4  kg heavier than the l ow s t o c king rate  
ewe s p o s t - shearing in mid-November ( 4 7 . 7  vs  3 9 . 3  kg ) .  



Table 5 . 7  The Effect  o f  Average Green Pa sture C over ( kg DM/HA) and Lamb Livewe ight ( kg )  o n  Ewe and Lamb Dry 
Ma t t er I nt akes ( kg DM/HD/DAY ) . 

Stocking Rate l High I Medium I Low 
Option 

I 
Av . Green Av . Green Av . Green 

Per iod Pas ture Lamb Lamb Ewe Pasture Lamb Lamb Ewe Pasture Lamb Lamb 
C over Livewei ght I nt ake Int ake Cover Liveweight I nt ake I nt ake C over Li veweight I nt ake 

I nitial  
Liveweight 5 . 0  5 . 0  5 . 0  
Sept 1 - 1 5  1 1 4 5  1 1 . 2  0 . 0 3 1 . 6 922  1 0 . 9  0 . 00 1 . 4 6 9 3  9 . 1  0 . 00 
Sept 1 6 - 3 0  1 0 94 1 4 . 2  0 . 0 3  1 . 9 9 3 8  1 3 . 8  0 . 02 1 . 6 7 6 0  1 1 . 8 0 . 0 1  
Oct 1 - 1 5  1 0 7 7  1 6 . 7  0 . 2 1  1 . 8 9 7 7  1 6 . 2  0 . 1 8 1 . 7  85 1 1 4 . 2  0 . 1 1  
Oct 1 6 - 3 1  1 1 9 9 1 9 . 3 0 . 4 0 1 . 7  1 06 3  1 8 . 5  0 . 3 5 1 . 5  9 8 7  1 6 . 2  0 . 2 5  
Nov 1 - 1 5 * *  1 2 0 7  2 2 . 6  0 . 6 6 1 . 8 1 1 9 5  2 1 . 8  0 . 6 3 1 . 8 1 1 7 3 1 9 . 4  0 . 5 3 
Nov 1 6 -30  1 3 3 5  2 6 . 1  0 . 86 1 . 9 1 3 6 4  2 5 . 3  0 . 8 3 1 . 9  1 3 9 8  2 2 . 7  0 . 7 2 
Dec 1 - 1 5  1 3 7 4 2 9 . 4  0 . 9 9 1 . 6 1 4 3 9  2 9 . 0  1 . 02  1 . 7  1 5 2 6  2 6 . 7  0 . 9 9 
Dec 1 6 - 3 1  1 300 3 2 . 9  1 . 1 6 1 . 6 1 3 9 7 32 . 9  1 .  2 1  1 . 7  1 5 30 3 1 . 0  1 .  2 1  --

Total Int ake 6 6  2 1 0 6 5  202 5 8  
T o t a l  Ewe 
Plus Lamb I nt ake 2 7 6  2 6 7  

* *  Ewe shear ing 

Ewe 
I nt ake 

1 . 1  
1 . 2 
1 . 5 
1 . 4 
1 . 8 
1 . 9  
1 . 8 
1 . 8 

1 90 

2 4 8  

I 

I 
\0 
....... 

I 



Table 5 . 8  A Summary of Ewe Intakes ( kg DM/ EWE / DAY ) , Ewe Liveweight ( kg )  and 
Ewe Liveweight Gain ( gm/DAY )  Over Lactation . 

St ocking Rate High Medium 
Option 

P eriod I ntake Fina l  LW LWG Int ake Final LW LWG I nt ake 

.Sept 1 - 1 5  1 . 6 4 7 . 9  - 1 40 1 . 4 4 5 . 8  - 2 8 3  1 . 1  
Sept 1 6 - 3 0  1 . 9  4 8 . 3  2 5  1 . 6  4 4 . 2  - 1 0 7  1 . 2 
Oct 1 - 1 5  1 . 8 4 9 . 0  5 1  1 . 7  44 . 4  1 7  1 . 5 
Oct 1 6 - 3 1 1 . 7 50 . 0  6 4  1 . 5 4 5 . 0  3 8  1 . 4 
Nov 1 - 1 5  1 . 8 5 2 . 1 / 4 7 . 7 * 1 4 1  1 . 8 4 7 . 7 /4 3 . 4 * 1 7 6 1 . 8 
Nov 1 6- 3 0  1 . 9  50 . 4  1 7 9  1 . 9  4 6 . 6  2 1 8  1 . 9 
Dec 1 - 1 5  1 . 6 5 2 . 0  1 08 1 . 7 48 . 9  1 5 4 1 . 8 
Dec 1 6 - 3 1 1 . 6 5 3 . 6  1 08 1 . 7 5 1 . 2  1 5 1  1 . 8  

Total Intake 2 1 0 202  1 90 

-----

*Removal o f  fleece at shearing 

Low 

Fina l  LW 

4 4 . 7  
4 1 . 6  
4 0 . 8  
4 0 . 5  

4 3 . 5 / 3 9 . 3* 
4 3 . 1  
4 6 . 2  
4 9 . 3  

LWG 

- 3 5 2  
- 2 0 8  

-5 3  
- 2 1 
2 0 2  
2 4 9  
2 0 9  
2 0 1  

r 

I 
"' 
N 

I 
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However ,  p o s t - shearing , the l ow stocking r a t e  ewe s a c hieve higher 
leve l s  o f  int ake ( 1 . 8 vs 1 . 6  kg DM/EWE /DAY ) and achieve hi gher 
liveweight gains ( 2 0 1  vs 1 08 gm/ DAY ) . However , this is insuffic ient t o  
c ompensate for the liveweight l o s t  in early lac tat ion , and the low 
st ocking r a t e  ewe s are s t i l l  4 . 3  kg lighter than the high s t o c king 
rate ewe s at weaning ( 4 9 . 3  vs 5 3 . 6  kg ) .  

Ewe mi lk produc tion is  dependent on ewe int ake and ewe 
liveweight . Ewe mi lk yield re spond s  t o  ewe int ake , but in thi s ca s e , 
ewe int ake i s  only limit ing ewe mi lk product ion in early lac t ation for  
the  med ium and low stocking rate  options ( Table 5 . 9 ) .  

Table 5 . 9  The Effect of Stocking Rat e  and Pasture C over Leve l s  o n  Ewe 
Mi lk Produc tion Over Lactation ( 1 / DAY ) . 

Stocking Rate High Medium Low 
Option 

Period 

Sept l - 1 5  1 . 7 7 l .  6 9  l .  3 7  
Sept 1 6 - 3 0  l .  6 3  l .  6 2  1 . 4 5 
Oct  l - 1 5  l .  3 2  l .  3 2  l .  3 2  
Oct  1 5 - 3 1  1 . 0 3 1 . 03 1 . 0 3 
Nov l - 1 5  0 .  7 7  0 .  7 7  0 .  7 7  
Nov 1 6 - 30  0 . 5 7 0 . 5 7 0 . 5 7 
Dec l - 1 5  0 . 4 2 0 . 4 2 0 . 4 2 
Dec 1 6 - 3 1  0 . 3 0 0 . 30 0 . 3 0 

Although the high stocking rate  ewes ' int ake is  4 5 %  higher than 
the low s t o c king rate ewes ' in early lactation , the d i f f erenc e  in ewe 
mi lk yield is only 2 9 %  ( 1 . 7 7 vs 1 . 3 7  1/DAY ) . Thi s i s  because the l ow 
s t ocking r a t e  ewe s partially c ompensate for the reduced intake by 
mobi lizing body t i s sue ( r eflected in the higher rat e of liveweight 
l o s s  rec orded by the low st ocking rate ewe s in early lac t at ion ( Table 
5 . 8 ) ) .  

The same level o f  mi lk produ c t ion ( 1 . 3 2 1 / DAY ) i s  achieved by t he 
sixth week o f  lac t at ion , even though there i s  s t i l l  a large differ ence 
in ewe int ake s ( 1 . 8 vs  1 . 5  kg  DM/EWE / DAY ) . The l ow s t o c king rate  ewe s 
c ompensa t e  for  t he reduced int ake through the mobi l i z a t i o n  of body 
t i s sue ( - 5 3  gm/ DAY ) , whereas the high stocking rat e ewe s are in a 
posit ive energy balance at  that stage and are repleni shing l o s t  t i s sue 
r e s erves ( + 5 1  gm/DAY ) . 
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From e ar ly O c t ober until weaning t he high and low s t ocking r a t e  
o p t i o n s  achieve t h e  same leve ls o f  mi lk produc t i o n .  However , it  i �  not 
until mid-November that they achieve t he s ame levels o f  dry mat t e r  
int ake . Thu s , whereas t he high stocking rat e ewes are in a po s i t iv e  
e ne rgy balance f rom mid- September t o  weaning , t he low s t o c ki ng r a t e  
ewe s are  f or ce d  t o  buffer the low l eve l s  of int ake wi th b o d y  reserves 
until e ar ly November ( Table 5 . 9 ) . The c o st o f  t his  buf f ering e f f ec t , 
i s  r e f l e c t e d  in the differenc e s  in ewe livewei ght at t he e nd o f  
Oc t ober ( 50 . 0  vs  4 0 . 5  kg ) .  

� n  summary , over the lambing t o  weaning period , t he l ow s t o c ki ng 
r a t e  ewe s produce 7 . 3 % l e s s  mi lk ( 1 0 9 . 8  vs 1 1 8 . 5  L ITRE S )  t han the high 
s t oc king r a t e  ewe s , despite c onsuming 1 0% less  f eed ( 1 9 0 . 7  vs  2 1 1 . 8  kg 
DM/EWE ) . Thi s i s  reflected  in t he 4 . 3  kg difference in ewe livewei ght 
a t  wea ning . 

The third area where ewe intake influenc e s  animal perf ormanc e i s  
woo l  produc t i o n .  Thu s ,  in  early lac t at i o n ,  the high st ocking rate  ewe 
woo l  growth r a t e  is over twice that o f  the low s t ocking rat e ewe s ( 7  
v s  3 gm/DAY ) ( Table 5 . 1 0 ) ,  the s ame r a t e  by mid - lactation ( 1 7 gm/ DAY ) 
a nd 3 gm/ DAY l e s s  t han t he low st ocki ng rate ewe s ' level o f  wool 
production ( 1 9 v s  2 2  gm/ DAY ) by late lactat ion . In  total the medium 
and low s t o c king rate ewe s grew 90 grams and 1 5 0  grams less woo l  
r e spec t ively than tho se a t  the high s t oc king rat e over the period o f  
l a c t a t i o n  ( equiva lent t o  a drop i n  woo l  produc tion of 5 . 1 % t o  8 . 5 % ) .  

T able  5 . 1 0 A Summary of Ewe I nt ake s ( kg DM/ HA/DAY )  and Woo l  Growt h 
Ra t e s  ( gm/DAY ) . 

S t ocking Rat e  High Medium L ow 
Option 

Period Wool Wool Wool 
I ntake Growt h I nt ake Growth I nt ake G rowt h 

Sept  1 - 1 5  1 . 6  7 1 . 4  4 1 . 1  3 
S ep t  1 6- 3 0  1 . 9 1 0  1 . 6  7 1 . 2  5 

· O c t  1 - 1 5  1 . 8 1 2  1 . 7  1 1  1 . 5  9 
O c t  1 6 - 3 1  1 . 7  1 3  1 . 5  1 2  1 . 4  1 0  
Nov 1 - 1 5  1 . 8  1 7  1 . 8 1 7  1 . 8  1 7  
Nov 1 6 - 3 0  1 . 9  2 0  1 . 9  2 0  1 . 9  2 0  
Dec 1 - 1 5  1 . 6 1 8  1 . 7  1 9  1 . 8  2 0  
Dec 1 6- 3 1 1 . 6 1 9  1 . 7  2 0  1 . 8  2 2  

-- -- -- - -- -

T o t a l  per head 2 1 0 1 7 72 2 0 2  1 6 82  1 9 0  1 6 2 2  

Reduc e d  ewe milk yie lds due t o  r e s t r i c t ed ewe i nt ake s limit l amb 
growth r a t e s  in early lactat ion ( Table 5 . 1 1 ) .  The low s t o c king r a t e  
lamb s  ( L S RL )  r e c eive only 1 . 3 7 litre s / DAY of milk c ompared t o  1 . 7 7 
l i t r e s / DAY f or t he high s t ocking rate l ambs ( HSRL )  ( Table 5 . 9 ) ,  a nd 
t hi s  i s  r e f l e c t e d  in t he large differenc e s  in lamb livewe i ght gain  
during t he f i r s t  two weeks o f  lac t a t i o n  ( 2 8 0  vs  426  gm/ DAY ) ( Table 
5 . 1 1 ) .  
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B y  early Oct ober both groups o f  lamb s a r e  rec elvlng the s ame 
leve ls of mi lk produc tion ( 1 . 3 2 1 / DAY ) . However , the HSRL in t o t a r  are 
consuming 0 . 1  kg DM/ LAMB/ DAY more than the L SRL ( Table 5 . 7 ) because of 
the higher levels of green pasture cover ( 1 0 7 7  vs  8 5 1  kg DM/HA ) . By 
mid-November the H SRL are st ill consuming higher leve l s  of dry mat t e r  
than the LSRL ( 0 . 86 v s  0 . 72 k g  DM/ LAMB / DAY ) because o f  their hi gher 
liveweight ( 2 2 . 6  vs  1 9 . 4  kg ) and thi s  is reflected in the r a t e s  o f  
livewe ight gain ( 2 46 v s  2 3 4 gm/ DAY ) ( Table 5 . 1 1 ) . Thi s trend i s  
reversed i n  the last  month o f  lac tatio n .  

At weaning t he HSRL and medium s t o c king rate lamb s ac hieve the 
same livewei ght ( 32 . 9  kg ) ,  bu t the low stocking rate lamb s  are 1 . 9 kg 
light er be c ause of their lower growth r a t e s  in early l a c t a t i o n  ( Table 
5 . 1 1 ) .  

Table 5 .  1 1  The Effect  o f  Sto cking Rat e  and Pas ture C over Levels o n  
Lamb Liveweight Gain Over Lactatio n  ( gm/DAY ) . 

S t ocking Ra t e  High Medium Low 
Option 

Period LWG LW LWG LW LWG LW 

I nit ial Livewe ight 5 . 0 5 . 0  5 . 0  
Sept 1 - 1 5  4 2 6  1 1 . 2  400 10 . 9  2 80 9 .  1 
S ept 1 6 - 3 0  202 1 4 . 2  2 0 5  1 3 . 8  1 9 1  1 1 . 8 
O c t  1 - 1 5  1 7 9  1 6 . 7  1 6 8  1 6 . 2  1 6 5  1 4 . 2  
Oct  1 6 - 3 1  1 8 3 1 9 . 3  1 6 3  18 . 5  1 4 1  1 6 . 2  
Nov 1 - 1 5  2 3 6  2 2 . 6  2 3 4  2 1 . 8  2 2 5  1 9 . 4  
Nov 1 6 - 3 0  246  2 6 . 1  2 4 5  2 5 . 3  2 3 4  2 2 . 7  
Dec 1 - 1 5  2 3 9  2 9 . 4  2 6 3  2 9 . 0  2 8 5  2 6 . 7  
Dec 1 6 - 3 1 2 5 4 3 2 . 9  2 8 1  32 . 9  3 0 8  3 1 . 0  

-- -- --

Average LWG 2 2 9  2 2 9  2 1 3  

Analysi s  o f  t he ME int ake s ( Table 5 . 1 2 )  shows that t he medium 
stocking rate option consumed 1 . 2 %  l e s s  energy to achi eve t he same 
weaning weight a s  the high stocking r a t e  opt ion . Thi s  sugge s t s  that 
the medium s t o c king rate lambs c on sumed sufficient dry ma t t er i n  late 
lac t a t ion t o  c ompensate for the lower l eve l s  o f  mi lk intake i n  early 
lactation . The L SRL c onsumed 10%  l e s s  e nergy than t he H SRL ( 1 1 6 2 v s  
1 2 8 8  MJME / LAMB ) .  Thi s wa s re sponsible f or t he 1 . 9  k g  d i f f e r enc e i n  
wea ning weight s .  

Lamb wool growth rates  reflect  lamb ME int ake s ( Table 5 . 1 2 )  and 
there is  o nly a small ( < 8% ) d i f f erence be tween the t hree  s t ocking 
rate options i n  the amount of woo l  produced ( 1 . 7 9 vs  1 . 7 7 v s  1 . 6 6  kg ) 
by weaning ( Table 5 . 1 2 ) .  The leve l s  o f  wool produc tion  include 0 . 2 5 kg 
from birth a nd are high relative t o  those  c urrently achieved a t  
Tuapaka ( 1 . 2 kg ) .  However , model lamb weaning weight are a l s o  6 - 9 kg 
higher than t ho se recorded at Tuapaka . 



Table 5 . 1 2 

S t o c king 
Option 
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The E f f e c t  of Energy I nt ake ( MJME/ DAY ) on Lamb Wool 
Produ c t ion Over Lac t a t i o n  ( gm/HD /DAY ) . 

Ra t e  High Medium Low 

Period Int ake Wool I nt ake Wool I nt ake Wool 
( MJME /DAY ) Growth ( MJ /ME / DAY ) Growth ( MJ /ME / DAY ) Growth 

( gm/ DAY ) (gm/ DAY ) (gm/ DAY ) 

Sept  1 - 1 5  8 . 1  1 0  7 . 7  1 0  6 . 3  8 
Sept  1 6 - 3 0  7 . 8  8 7 . 7  8 6 . 7  7 
O c t  1 - 1 5  8 . 5  9 8 . 2  9 7 . 3  8 
O c t  1 6 - 3 1 9 . 4  l l  8 . 9  1 0  7 . 7  9 
Nov 1 - 1 5  1 1 . 2 1 3  1 0 . 8  1 3  9 . 7  1 2  
Nov 1 6 - 3 0  1 2 . 5  1 5  1 2 . 2  1 5  1 1 . 0  1 4  
Dec 1 - 1 5  1 2 . 8  1 7  1 3 . 1  1 7  1 2 . 7  1 7  
Dec 1 6 - 3 1 1 4 . 0  1 9  1 4 . 6  2 0  1 4 . 6  2 0  

-- -- --

T o t a l  ME I n t ake 1 2 88 1 2 7 2  1 1 6 2  
% Difference 1 . 2 % 9 . 8% 

Final F l e e c e  
Weight ( kg )  l .  7 9  1 . 7 7 

5 . 2 . 2 . 4 The Effect  of Sward C ompo s i t ion on Pasture Quality .  

The quality o f  t h e  f e ed consumed wa s a func t ion o f  t he avera g e  
dige s t ibility of t h e  sward . Alt hough the average dige s t ibility of t he 
sward and t he ME c ont ent o f  the sward was diff erent acro s s  s t ocking 
rate  o p t i ons ( Table 5 . 1 3 ) ,  this d i f f erence wa s not large e nough t o  
a f f e c t  the ME c ont ent of the d i e t  o f  t h e  grazing anima l s . The 
dige s t ibility of t he high s t ocking r a t e  sward wa s 7 4 . 9 % c ompared t o  
7 2 . 0% f or the  low s t ocking rate o p t i o n  i n  early lac t a t i o n .  Thi s  
equ a t e d  t o  ME contents o f  1 1 . 2  and 1 0 . 7  MJME / kg DM r espec t ively for 
the two swards . 

l .  6 6  

By mid - la c t at ion the digestibility o f  the high s t o c ki ng r a t e  
sward w a s  s imi lar t o  t hat o f  t h e  the l ow s t ocking rate sward ( 70 . 3 % vs  
7 0 . 5 % ) ,  a nd both equ a t ed t o  an ME c o nt ent o f  1 0 . 5  MJME / kg DM . The 
dige s t ibility of the low s t ocki ng r a t e  sward exc eeded t ha t  of the high 
s t oc ki ng r a t e  sward ( 6 4 . 9% vs 6 3 . 7% )  i n  l a t e  lac t a tion , r e f l e c t ed in 
the d i f ference i n  ME c onte nt of the herbage ( 9 . 7  vs  9 . 5  MJME / kg DM ) . 



Table 5 . 1 3 The Average Sward Digest ibility , Energy Co ntent and Quality o f  Past ure Consumed for  
the Three S t ocking Rate Opti ons Over Lactation . 

Stocking Ra te High Medium Low 
Opt ion 

Period Digest ibility MJME /kg DM Digestibility MJME /kg DM Dige stibi lity MJME / kg DM Quality o f * *  
Pasture 
Co nsumed 
( MJME / kg DM ) 

Sept 1 - 1 5  7 4 . 9  1 1 . 2  7 3 . 8  1 1 . 0  7 2 . 0  1 0 . 7  1 2 . 0  
Sept 1 6 - 3 0  74 . 4  1 1 . 1  7 3 . 6  1 1 . 0 72 . 4  1 0 . 8  1 2 . 0  
Oct 1 - 1 5  7 3 . 4  1 0 . 9  72 . 9  1 0 . 9  7 2 . 2  1 0 . 8  1 1 . 9  
Oct  1 6 - 3 1  7 3 . 0  1 0 . 9  72 . 8  1 0 . 9  7 2 . 6  1 0 . 8  1 1 . 9  
Nov 1 - 1 5  7 0 . 3  1 0 . 5  70 . 4  1 0 . 5  7 0 . 5  1 0 . 5  1 1 . 6  
Nov 1 6 -30 6 9 . 9  1 0 . 4  70 . 1  1 0 . 5  70 . 4  1 0 . 5  1 1 . 6  
Dec 1 - 1 5  6 5 . 3  9 . 7  6 5 . 7  9 . 8  6 6 . 1  9 . 9  1 0 . 9  
Dec 1 6 - 3 1  6 3 . 7  9 . 5 64 . 2  9 . 6  64 . 9  9 . 7  1 0 . 9  

-- -------

* * Identica l for  thr ee stocking rates . 

---

I 
\0 
-....) 

I 
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Diff erenc e s  in digest ibility c orrespond t o  the percent age green 
dry mat ter c ont ent o f  the swards ( Table 5 . 1 4 ) . The higher .-
d i g e s t ibility of the high stocking rate sward in early lactat ion i s  a 
result o f  the higher proport ion o f  green herbage ( 88%  vs 82 % ) . By mid 
lac t a t i on t h i s  d i f f erence i s  removed ( 8 3 %  vs  8 4% ) ,  and in late 
lactat ion the green c ont ent o f  the low s t ocking rate sward i s  3%  
higher than t he high s t o c king rate  sward ( 7 6 %  vs  7 3 % ) . At weaning , the 
three s t o cking rate  opt ions have s imi lar leve l s  of dead mat t er ( 46 6  vs 
4 6 9  vs  474 kg DM/HA) ( Table 5 . 1 4 ) ,  but there are ma j or differenc es in 
the level of  green d ry mat t er ( 1 2 48 kg , 1362  and 1 5 2 1  kg DM/HA 
respect ively ) .  

The rate  o f  dead mat t er accumulation,  summarised in Table 5 . 1 5 ,  
i s  d ependent on the l evel o f  green pasture c over . In early lac t a t i on 
t he rate o f  dead mat t er accumulat ion i s  highest  f or the high s t ocking 
rate  option(  0 . 7  vs 0 . 5  kg DM/HA/ DAY ) ,  a s  it ha s the highe st level o f  
green pasture c over . The two opti ons reach s imi lar rat e s  o f  dead 
mat t er ac cumulat ion by mid-lactation ( 3 . 4  vs 3 . 3  kg DM/HA/ DAY ) because 
t he level s  o f  green pasture c over are similar a t  this point in t ime . 
The low s t o c king rate  option achieve s a higher rate  o f  dead ma t t er 
a c c umulation in late lactat ion ( 5 . 2  vs 4 . 3  kg DM/HA/ DAY )  because o f  
higher leve l s  o f  green pasture c over . 

Table 5 . 1 4 The Effect  o f  Stocking Ra te and Pa s t ure C over on t he 
Percent age of Green Dry Mat t er Pre s ent . 

S t o cking Rat e  High Medium L ow 
Option 

Period : 

Sept l - 1 5  88% 86%  82%  
Sept 1 6 - 3 0  8 6 %  85%  8 3 %  
O c t  l - 1 5  8 5 %  8 4 %  8 3 %  
O c t  1 6 - 3 1 84%  84%  8 4 %  
Nov l - 1 5  8 3 %  83%  8 4 %  
Nov 1 6- 3 0  8 1 %  82%  8 3 %  
Dec l - 1 5  7 7 %  7 8% 80% 
Dec 1 6 - 3 1 7 3 %  7 4 %  7 6 %  

C omponent s a t  3 1 st Dec ember : 

T o t a l  Pasture C over 1 7 1 4  1 8 3 1  1 9 9 5  

Green Pasture C over 1 2 4 8  1 3 6 2  1 5 2 1  

Dead Pa sture C over 4 6 6  4 6 9  4 74 
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Table 5 . 1 5 The Effect o f  Average Green Pasture C over Leve ls ( kg DM/HA) on Dead Ma t t er 
Ac c umulation Ra t e s  ( kg DM/ HA/ DAY ) . 

St ocking Ra te High Med ium Low 
Option 

Period Average Green Dead Ma tter Average Green Dead Ma tter Average Green Dead Mat t er 
Pa sture C over Ac c umulation Pasture Cover Ac cumulation Pasture C over Ac c umu lation 

Ra te Ra te Rate 

Sept 1 - 1 5  1 1 45  0 . 7  9 2 2  0 . 6  6 9 3  0 . 5  
Sept 1 6- 3 0  1 0 9 4  0 . 7  9 3 8  0 . 6  760  0 . 5  
Oct  1 - 1 5  1 0 7 7  1 . 4 9 7 7  1 . 3  8 5 1 1 . 1  
Oct  1 6 - 3 1  1 1 1 9 1 . 4 1 0 6 3  1 . 4 9 8 7  1 . 3 
Nov 1 - 1 5  1 2 0 7  3 . 4  1 1 9 5 3 . 3  1 1 7 3 3 . 3  
Nov 1 6-30  1 3 3 5  3 . 7  1 3 6 4  3 . 9  1 3 9 8  3 . 9  
Dec 1 - 1 5  1 3 7 4  4 . 9  1 4 3 9  5 .  1 1 5 2 6  5 . 5  
Dec 1 6 - 3 1 1 300 4 . 3  1 3 9 7  4 . 7  1 5 30  5 . 2  

I 

I 
: 
I 
I 

j' 

I 
1.0 
1.0 
I 
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5 . 2 . 2 . 5  Summary and Di scussion o f  Resul t s . 

An overall summary of the differ ences between the thr e e  s t o c king 
r a t e  options at weaning is  shown in Table 5 . 1 6 .  Pastur e  product ion for 
the t hree o p t ions i s  a lmost  identical  ( 3 689  vs 3 705  vs  36 6 1  kg DM/HA) , 
but the amount o f  feed c onsumed per h e c t are declined a s  s t o c ki ng rate  
was reduc ed . ( The high st ocking rate option consuming 3282  kg  DM/ HA 
c ompared t o  2 4 7 6  kg DM/HA for t he l ow s t ocking rat e ) . Pasture  c over at 
weaning was therefore highe st for t he l ow stocking rate  ( 1 9 9 5  vs  1 7 1 4  
kg DM/ HA) , d e s p i t e  the low level at lambing ( 80 5  vs 1 30 7  kg DM/ HA ) . 
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Table 5 . 1 6 A Summary o f  the Position of  the Three S t ocking Rat e Options 
at Weaning and a Compari son of the Differences Against the
High St ocking Rat e  Option , With Allowanc e Made for the Feed 
Cost of  Differences in Livewe ight . 

Stocking Ra te Opt ion High Medium Low 
Po sition at Weaning 

Ewe Liveweight ( kg )  5 3 . 6  5 1 . 2  4 9 . 3  

Difference ( kg )  2 . 4 4 . 3  
Difference ( % )  4 . 5  8 . 0  

Feed C o s t /Head ( kg DM ) 1 3 . 3  2 3 . 8  
Feed C o s t / ha ( kg DM/HA ) 1 4 5 2 3 7  

L amb L iveweight ( kg )  3 2 . 9  32 . 9  3 1 . 0  

Di f f ere nce ( kg )  0 . 0  1 . 9  
Dif ference ( % )  0 . 0 5 . 8  

Feed Cost /Head ( kg DM ) 0 2 1 . 8  
Feed C o st / ha ( kg DM/ HA)  0 2 1 7  

Total  Feed C o s t / HA ( kg DM/ HA)  1 4 5  4 5 4  

Final P a sture Cover ( kg DM/ HA 1 7 1 4  1 8 3 1 1 9 95 

Differ ence ( kg )  - 1 1 7 - 2 8 1 
Di f ferenc e ( % )  -6 . 8  - 1 6 . 4  

Nett  Feed Difference ( kg DM/HA) 2 8  - 1 7 3 
Nett  Feed Difference ( % )  1 . 6  - 1 0 . 1 

Ewe Wool Produc t ion ( kg )  1 . 7 7 1 . 6 8  l .  62  

Difference ( gm) 9 0  1 5 0  
Differ enc e ( % )  5 . 1  8 . 5  

Lamb Wool Produ c t ion ( kg )  l .  7 9  1 . 7 7 1 . 6 6  

Difference ( gm)  2 0  1 1 0 
Diff erence ( % )  1 . 1 6 . 1  

Total  Feed Grown ( kg DM/ HA) 3 6 8 9  3 705 3 6 6 1 

Dif ference ( kg DM/ HA)  - 1 6 2 8  
Dif ference ( % )  - 0 . 4  0 . 8  

Total  Feed Consumed ( kg DM/HA) 

Di f ferenc e ( kg DM/ HA )  
Difference ( % )  

Feed C onsume d / UN I T* *  2 7 6 2 6 8  2 4 8  

Differ ence ( kg DM/ UN I T )  - 8  - 2 8  
Di f f erenc e -2 . 9  - 1 0 . 1  

* *  UN I T  Ewe plus Lamb 
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The f e e d  c onsumed p e r  unit ( ewe + lamb ) wa s hi ghe st f or the high 
s t o c ki ng rate option ( 2 7 6  kg DM/UNIT )  c ompared to 2 6 8  kg DM/UN IT aRd 
2 4 8  kg DM/UNIT for the medium and l ow s t ocking rate options 
respec t ively . The impact  o f  t hi s  l ower level o f  int ake per unit i s  
r e f l e c t e d  i n  the ewe and lamb weaning weight s .  Thi s i s  primarily due 
to the effect  of t he l ow l eve l s  of pasture c over in early lactation 
r e s t r i c ting ewe intake s .  When differenc es i n  liveweight and pasture 
c over are converted t o  a common energy bas i s  the high and medium 
s t oc ki ng rate options , r eached approxima t e ly equivalent end point s a t  
weaning and the l ow s t o c king r a t e  opt i on had t h e  equivalent o f  1 0 %  
l e s s  f eed o n  hand . 

The obj ective o f  t hi s  section o f  t he study wa s t o  eva luate the 
e f f e c t  o f  the int er a c t i ons be tween pa s t ure cover , pasture growth rat e , 
anima l  i ntake , and animal perf ormanc e .  The feed  bud get ing analys i s  in 
Chapter Two showed that for the 1 00 %  f lock acro s s  three s t o cking 
r a t e s , and s t arting at d i f f erent levels  of p a s t ur e  c over at lambing , 
t he sys t ems would a chieve the same level of pasture c over a t  weaning , 
and achieve the s ame leve l s  o f  animal perf o rmanc e .  

The analysis in t hi s  c hapter has shown that the high and medium 
s t oc ki ng rate options did reach an a lmo s t  e quival ent position at 
we aning , when diff erenc e s  in livewei ght and p a sture c over were 
c onver t e d  to a c ommon d e nomina tor ( kg DM/HA ) . H owever , the path by 
whi c h  these two opt ions r e ached thi s  po int in t erms of the pat t ern of 
ewe and lamb liveweight gain , and t he pattern of p a s t ure growth rates  
and pasture c over wa s qui t e  dif ferent . 

The l ow s t ocking rate  option had 1 0 %  l e s s  feed  on hand than t he 
two hi gher s t ocking rate  opt ions at weaning . I n  this  c a s e  it  c ould be 
c onc luded that the failure of the feed budget ing approach to t ake into 
a c c ount the interac t i on be tween past ure c over , p a s t ure growth rat e , 
animal int ake , and animal performance  has produ c ed results  which may 
be mi s l e ading , mainly because pasture c over l ev e l s  f e l l  be low 1 000 kg 
DM/ HA during the period o f  lac t a t io n . 

I n  broad terms the n ,  the simple feed  budget ing a pproach used in 
Chapter Two produces  r e a l i s t ic answe r s  i f  pasture c over i s  kept wi t hin 
c er t ain bound s . The resu l t s suggest  t hat t his  l ower boundary may be 
about 1 000 kg DM/HA . An upper boundary of 1 60 0  - 1 70 0  kg DM/HA over 
t he l a t e  s pring in order t o  maintain p a s t ure qua l i t y  is probably 
r e quired ( But ler , 1 9 86 ) a l t hough the relat i onship s  in McCall ' s  mod e l  
d o  not a g r e e  with thi s .  

I t  i s  que s t ionabl e  whe ther t he model adequ a t e ly ref l e c t s  true 
d i f f er e nc e s  in pasture qua l i t y ,  i f  l amina c ontent is not t aken int o  
a c c ount . I t  c ould b e  postulated  t hat t he high s t ocking rate  option 
a c hi ev e s  be t t er pasture c o nt r o l  ( 1 7 1 4  v s  1 8 3 1  vs  1 9 9 5  kg DM/HA at 
weaning ) ,  and henc e should have a higher level o f  p a s ture qua l ity than 
the l ower s t oc king rate  opt i o ns . 
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The high we ight gains ( 2 4 6  - 308 gm/ DAY ) achieved b y  the lambs i n  
l a t e  lactation on pasture c over leve l s  of between 1 7 0 0  - 1 900 k g  DM/HA 
appear s infeasible given that lamb growth rates  o f  over 2 00 gm/ DAY 
have not been rec orded on Tuapaka in late lactation . Bu tler ( 1 986 ) in 
hi s review of literature on the effect of sward charac teristics  on 
anima l int ake over the spring and summer period found that the lamina 
c ontent of the sward was the be s t  det erminant of int ake . Butler no t ed 
however , that very few grazing model s ,  inc luding McC all ' s  ( 1 9 84 ) 
mode lled lamina accumulation.  Thi s omi s s ion could acc ount for the 
apparent ly high leve l s  of lamb liveweight gain achieved in late 
lactation . 

5 . 3  Conc lusion . 

The c onc lusions that c ould be drawn from this chapter are -

1 )  Subj ect ive a s s e s sment o f  wool produc t i o n  for u se in a simple  
f e ed budget analys is c an under- estimat e  actual  product ion and 
hence fi nanc ial  re turns by up t o  1 2 %  . Thi s could be 
significant when making a cho i c e  betwe en different sheep 
farming syst ems . In the current economic environment , for 
example , farmers are looking at alterna t ive syst ems such a s  
all-woo l  farming , aut umn - wi nter lambing and he avy weight 
lamb produc t ion . The sub-mode l s  c ould be  u s ed for 
inves tigat ing the se options in greater detail ( For example , 
the effect  o f  d i f f erent nu trition and shearing regime s c ou ld 
be det ermined ) .  

2 )  S impl e  feed budgeting ana lysis provid e s  dat a ,  in a gross 
sense , simi lar t o  that derived from mor e  c ompl ex simulation 
mode ls , i f  pasture  cover leve l s  are  maint ained within certain 
bound s . The se appear to  be 1 000 - 1 700 kg DM/HA during the 
period of lactation for sheep syst ems . 

3 )  The simple feed budge ting ana lys is does  not account for t he 
different patt erns of pasture c over and liveweight t hat o c cur 
due t o  the int eract ion of the component s o f  the past oral 
system.  Thi s i s  probably not import ant in a broad de sign 
sense , but it c ould have cri tical  reper c u s s i ons where the 
data wa s to be used as an aid for fine tuning the management 
sys t em . 

4 )  The pasture c over bounds that need t o  be set  to  ensure the 
validity of the s imple feed budgeting approach,  require 
further r e search - particular ly the interaction between 
pasture c over , and past ure quality in late  s pring . 
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Chapt er S ix 

C onclusion . 

6 . 0  Chapt er Out line . 

In the f i r s t  s e c t ion of  this  chapter the methodology used in this 
s t udy i s  apprai s ed and pos s ible improvement s are suggest ed . The 
conclu sions drawn f rom t he s t udy are out lined and discus sed in the 
sec ond s ec t ion . Thi s is followed by an out line of  potential research 
topics ari sing f rom this s t udy . 

6 . 1  Evaluat ion o f  Res earch Methodo logy. 

A large part o f  this  s t udy was devo t ed t o  the comparison of two 
methodo logies  - simple �eed bud get ing versus more complex simulation 
mode lling . To avoid duplicat ion of  discussion , the  compari s on shall be  
discussed in s e c t io n  6 . 3  and this sect ion shall consider the 
t echnol ogy u sed to achi eve the c ompari son . 

Spre ad she e t  t ec hnology was u sed t o  construct the feed 
budge t / f inanc ial mod e l  out lined in Chapt er Two . This t echno logy 
provided a number of  advant a ge s . No prior comput e r  programmi ng ski l l s  
were required t o  build t h e  feed budget model - t h e  t ime taken t o  
ma s t er t h e  spreadshe e t  program w a s  two days . The spreadshe e t  program 
allowed the cons t ru c t ion of  problem specific models . These  c ould be 
built  rela tive ly quickly ( one t o  two weeks ) and once the ini t ial mo del 
framework had been c onst ruc t ed , changes could be made simply and 
quickly . 

The s pread sheet program allowed relatively sophi s t i c a t e d  feed 
bud get s t o  be const ruc t ed ( a s demons t r a t ed in C hapter Two ) . The 
program allowed t he model  t o  per form i t erat ions and c ould link several 
sub-r outines or s pread sheet s  if r equired . The row by column structure 
of the s pread she e t  allowed t he model t o  be forma t t e d  t o  simplify input 
and to  produce  tabula t ed , easily und er s t ood outpu t . The models 
d e s c ribed in C hapt er Two are simple and quick t o  run ( f ive minut e s ) .  
Overall , t he spreadsheet program wa s found t o  be ideal for simple f e e d  
budget and f inanc i a l  a na lysi s .  

The spreadshe e t  program was also  u sed for t he construc tion o f  
s everal s imulation mod e l s  and provided many o f  t he advantages 
mentioned above . H oweve r , there we re also a number of disadvantag e s . 
Due t o  the size  and the  c ompl exity of t he mathema t ical  relationships ,  
the individual mod e l s  r equired cons iderable t ime t o  construct ( up t o  
one month per mod e l ) .  Mo s t  t ime input was required f o r  des igning t he 
model s t r uc t ur e  to  ensure that the compl ex i t erat ive routines 
funct ioned c orrec t ly .  The Multiplan program has limi t ed " i f "  s t a t ement 
routines and no f a c i li t y  t o  incorporat e d a t e s  into formula . The se two 
area s  were a maj or l imi t a t ion . Spreadsheet programs with these 
facilit i e s , such a s  Lotus Symphony , should be adopted  if researche r s  
wi sh t o  u s e  s preadsheet s  for simula t ion modelling wi th the se 
r equirement s .  
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A ma j or limitat i on o f  Multiplan was capacit y .  The model  of a 
br eeding ewe for example , had to  be divided into three sub-models �or 
the periods ( weaning t o  tupping , t upping to  lambing and lambi ng to 
we aning ) because the spreadsheet c ould not c ope wit h  a single annual 
model o f  t he breeding ewe . Thi s also  prevent ed t he simulation o f  the 
ent ire Tuapaka hi ll country unit - the initial g o a l  of t he author . 
Larger spreadsheet programs such a s  Lotus Symphony , which i s  8 , 1 9 2 
rows deep by 2 5 6 c o lumns wide , may be able t o  cope wi th t hi s  problem 
( Hall , 1 98 6 ) . L 

Other than size , the greatest limitat ion wi t h  the spreadsheet 
program was c alcula t i on t ime ( a  func t ion of the size of the mode ls , 
the number o f  it erat ive func tions and the speed o f  the spread sheet 
program) . The mode l s  t ook betwee n  15 minutes and 3 hours to c omplet e  a 
run . One aim of the study ( Chapt er Four ) was t o  create microc omputer 
simulation models t hat were user fri endly and interactive for use  by 
student s and farmers . The long run t ime s restr i c t s  interac t ive use of 
these programs . 

Ther e appears t o  be sc ope for reduc ing the size of the mod els 
wi thout losing accuracy ( Section 4 . 1 . 4 ) .  Models wi th sma ll t ime 
periods between a c t ivities  ( 6  - 1 5  days ) were del iberat e ly construc ted 
to  minimise  loss o f  accuracy , a s  McCall ' s  model is based on daily 
periods . Thi s i s  an area for further researc h .  Rec ent impr ovement s in 
spreadsheet techno logy and more p owerful mi crocomputers may also allow 
these problems t o  be overc ome . Alternat ively , the mode ls c ould be 
developed u sing a c omputer program such as Turbopa scal , to  reduce the 
problems of calculation t ime ( Butler , pers comm) . 

6 . 2 C o nclusions From t he Feed Budget Ana lys e s . 

The st udy f ound t hat there wa s little difference be twe en high and 
a low performance f locks run at different stocking rat e s  in terms of 
ma tching feed demand wi th f eed supply at Tuapaka . This wa s primarily 
bec au s e  the hi gher int ake per head of the high per formance flock wa s 
compensated for by the higher s t oc king rate t hat was po s sible wit h  a 
lower perf ormanc e  f lock . The high perf ormanc e f lock also  wintered a 
higher proportion o f  mult iple bearing ewe s that f ailed t o  rear all  
their lambs . Thi s resulted in  a hi gher wint er feed cost  r e lat ive to  
the f eed c onsumed over the spring period , reducing the advantage of 
the higher lamb dro p .  

The high perf ormance flock wa s shown t o  b e  more pro f i t able and 
although t his f l ock produced l e s s  woo l  per hectar e , this  wa s 
compensated by higher returns from lamb sale s and lower c o s t s  per 
hec t are . Thi s indic a t e s  t hat Tuapaka should aim f or a hi gh performance 
flock t o  improve pro f i t ability . 

A number o f  weaknesses  wit h  the feed budgeting approach were 
identifie d . The se inc luded : 

1 )  The inability o f  the feed budget approach t o  t o  t ake into 
acc ount the interact ion of pasture c over , pasture growth 
rat e , anima l int ake and animal perf ormanc e .  

2 )  The largely subj e c t ive asse s sment o f  the relationship between 
animal i nt ake a nd woo l  growth . 
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3 )  The e f f e c t  o f  s e a sonal variation in past ure growth r a t e s  o n  
leve l s  o f  animal performanc e . 

Published f eed tables in New Zea land provide little or no detail  
for many of the  si tuations encount ered i n  hil l  c ountry sheep farming . 
An att empt wa s made t o  quant ify these inf ormation gap s by compar ing 
the output from t he feed budget analys i s  with that genera t ed by 
complex s imulation models  jn two are a s  - woo l  production , and t he 
re lationship betwe e n  pasture cover , pasture growth rat e ,  animal int ake 
and animal performanc e . 

Cons iderable dif ferenc es between the sub j ective e s t imat e s  for 
woo l  product ion used  in Chapter Two and those generated by the 
simulat ion models  ( up to 50% dif f erenc e )  were found . With woo l  
curr ent ly compri s ing 4 5  - 6 0 %  o f  hill c o untry farmer s '  income , mode l s  
that can accurat e ly predict woo l  produ c t ion l eve l s  for alt ernat ive 
syst ems are import ant i n  any study of alt ernative hill country shee p  
sys t ems . However , the comparison betwe e n  simulat ed levels o f  woo l  
production with tho se achi eved o n  two o f  t h e  University farms ( Se c t ion 
4 . 1 . 6 )  i ndic a t e s  that f u rther work is  r e quired to define wool growth 
funct ions , particularly for situations where nil or negative 
livewei ght gains are achi eved and f or d i f f e rent breed s . 

The main advantage of the f eed budgeting approach is  s impl ic i t y . 
Re sul t s  can be generated relatively qui ckly , and i n  the c a s e  o f  an 
experienced r e s e ar cher the analysis wi l l  provide re sult s that r e f l e c t  
reality rea sonably well . The study shows t hat wher e  pasture cover 
l eve l s  were maint a i ned wi thin certain bounds ( e . g .  above 1 000 kg 
DM/ HA )  the feed budget analysis generat ed s imilar r e sults  to those 
obtained from the mor e  complicated simu l a t i on mode l s . 

However ,  the f eed budget ing approach does not adequat e ly d e s c ribe 
the diff erent pat t e rns of pasture cover a nd livewei ght that occur due 
t o  the int eraction o f  the component s of t he pa st oral system .  This i s  
a n  import ant limi t a t i on where the model output i s  t o  be used a s  a n  aid 
for c ontrolling ( fi ne tuning ) a system.  

The alt ernat ive sheep syst ems were c ompared u s ing average p a s t ur e  
growth r a t e s  only . Further analysis could be performed t o  determine 
the robus t ne s s  of t he se syst ems t o  variat ions i n  p a s t ure growth r at e s .  
I n  the s e  analysis the  greater detail generated by the simulation 
models  with respect t o  the pattern of p a s t ur e  cover and animal 
liveweight is likely to be import ant . Consider f or example , a drought 
in mid-November in the case  of the thre e  st ocking rat e options 
analysed  i n  C hapt e r  Five . Due to the interac t ions o f  p a sture cover , 
p a s ture growth rat e s  and animal intake , t he high stocking rate  ewes 
and l ambs reached higher livewe ight s than the lower s t ocking rate  
opt ions , but  the  f arms had similar level s  o f  pas t ur e  c over . Thi s 
places  t he high s t ocking rate  option i n  a much better  po sition b e c a u s e  
i t  has ewes a nd replacement stock at higher l iveweight s and lamb s  t h a t  
c an be s o l d  o r  weaned earlier . In cont r as t , t he f eed budget analysi s  
would a s sume that the three systems would have ident i c a l  ewe and l amb 
l iv eweights and wou l d  fail to identify the advant a g e s  of the high 
s t o c king rate opt i o n .  
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The d a t a  upon which McCall ( 1 9 84 ) built hi s hil l  count ry mod e l  
was limi t ed in s ome area s . Output from t he lactation simu l a t i o n  

> 

exercise f o r  exampl e ,  indicates  t hat t he model does  not s imu l a t e  
pa s ture quality with suffic ient realism . While the model predicted 
lamb growth rat e s  of  over 2 00 gm/ DAY in la t e  lactation,  data  c o l l e c t ed 
from Tuapaka over the last  four years has shown that lamb gr owth r a t e s  
have failed t o  exc e ed 2 0 0  gm/ DAY in l a t e  lactation . As d i s c u s sed  in 
Sec tion 3 . 2 . 1 ,  t hi s  may be because lamina accumulation i s  not t aken 
into account . Butler ( 1 9 86 ) suggest s that pasture quality dec lines 
during the late spring/ summer period i f  pasture c over l eve l s  are 
allowed t o  exc e ed 1 6 00 - 1 7 00 kg DM/ HA .  McC al l ' s  model did not show 
this trend . Thi s may be import ant when eva luat ing the three s t ocki ng 
rate options in the po st weaning period because the final p a s t ure 
cover ranged f rom 1 7 1 4  Kg DM/HA f or the high st ocking rate option t o  
1 9 9 5  Kg DM/HA f o r  t he low stocking rate  opt ion . The above c omment s 
suggest  t ha t  further validat ion o f  c omponents o f  McCall ' s  mod e l  i s  
necces s ary . 

The study a l s o  c onsidered the i s sue o f  farm spec i f i c  mod e l s  
compared t o  general mode l s . The advant ages o f  a general mod e l  is  t hat 
it can be u s ed to simulate across a range o f  farm type s . H owever , it 
is u sually d i f f i cult to  modify the general model - as demonstrated 
with McC a l l ' s  mode l - to simulate a specific case  farm, o r  t o  look a t  
specific  component s o f  a system. The advantage o f  a f arm s p e c i f i c  
model , o ther t han allowi ng the analys i s  o f  opportunit ies  f o r  t hat 
farm, is that actual  farm production charac t eri s t i c s  can be u s ed t o  
valida te mod e l  output . 

6 . 3 Pos sible Areas For Further Res earch . 

The study ha s indicated a number o f  areas where further research 
is required ( s ome have been alluded to in the previous d i s c u s sion ) . A 
number o f  weakne s s e s  in the feed budgeting approach were ident i f i e d , 
but the impact  o f  the se has only been part ly analysed . Further 
research is  required to  quant ify the dif ferences  betwe en t he simpl e  
f eed bud geting t echniqu e s  and simulation techniques . A key area that 
wa s highlight ed by the study , wa s the pasture c over bound s wi thin 
which f eed budge t i ng wi l l  produc e relat ively rea listic  answer s .  

The limi t at ions imposed by t he f eed budget approach sugg e s t  that 
wi th increased mi crocompu ter power , a hybrid simulation/ f e e d  budget ing 
pr ogram should  be deve loped . Thi s would allow the relat ive simplicity 
of the  f eed budgeting approach t o  be maint ained , but wou l d  incorporate  
the greater s ensit ivity of  c ompl ex s imulation modell ing . This  wou l d  
allow t he mod e l  t o : 

1 )  S imu l a t e  the e f f e c t  o f  pasture c over on pas t ure growth rat e s , 
p a st ure quality and animal int ake s . 

2 )  Produce output data in t erms o f  animal produc t i o n  ( woo l , 
l iv eweight gain/ l o s s , mi lk yie l d ,  foetal  growt h )  for given 
levels of animal nut rition . 

The development o f  t hi s  mod e l  has scope f o r  u s e  in r e s earc h ,  
teaching a nd on c ommerc i a l  propert i e s . 

The mod e l s  developed in thi s  s tudy o f f er scope for r e s earch into  
a number o f  are a s . The s e  inc lude : 
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1 )  All woo l  f arming . 

2 )  E a r ly l ambing . 

3 )  L a t e  l ambi ng and wintering a high proportion o f  wether 
hogget s .  

4 )  The e f f e c t  of pregnancy nutrit ion on feotal  develo pment , ewe 
wool produ c t ion , and ewe l iveweight . 

5 )  The e f f e c t  o f  different level s  o f  ewe nut ri t ion during 
l a c t a t i on on mi lk yi eld , woo l  produ c t ion,  ewe liveweight 
gain/ l o s s  and lamb growth rat e s . 

6 )  Al t erna tive ewe hogget rearing syst ems . 

7 )  Alternat ive l amb fattening syst ems . 

The se mode l s  may be of mo st  u se t o  the farming community if they 
wer e  set up t o  simu l a t e  an individual property . The model c ou ld then 
be run conc urrent ly wi th the farm so  t hat the output from t he model 
and t he farm could be c ompared . Thi s wou l d  identify areas where 
management sys t ems and t he model s truc ture c ou ld be improved . Over 
t ime t he mod e l  c ould be expec t ed to be improved to the point where i t  
accur a t e ly simulat ed t h e  farming sys tem.  

6 . 4  C onc lusion . 

The current e c onomic c limate means that f armer s '  options for 
increas ing prof itability on hil l  c ount ry are limited to methods which 
u s e  c urrent resour c e s  more effic ient ly , rather than through the use o f  
high c a pi t a l  input s . The study set  o u t  t o  analy s e  t h e  e f f e c t  o f  
a l l o c a t ing a limi t ed r e s ource ( wint er / s pring p a s ture ) t o  ewe s o f  
d i f f erent pregnancy/ lactatat ion status . I t  wa s conc luded t ha t  a l t hough 
there wa s l i t t l e  advant age between a high performanc e flock and a low 
performanc e f lo c k  run a t  a higher s t ocking rate at Tuapaka in t erms o f  
matc hing f e e d  d emand wi th feed supply , t he advantage i n  t e rms o f  
prof i t ability wa s 6 - 1 0 % . The analysis shows that there i s  s c ope f or 
increas i ng hill  c ountry farmers ' pro f i t  through the design o f  more 
e f f ic i ent s y s t ems . However , this s t udy has only gone a sma l l  way t o  
addr e s s ing t hi s  i s sue and there i s  c onsiderable s c o pe for further 
r e search in this are a . 
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