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i\lnnngemcnt of sheep ~razing annunl. pastures in "'estern Australia: 
Pasture deferment and optimal stocking r:ttc 

r{'to Suqthartn and Dtt\ id .1. Pannell 
A,!HH ultm.Ii & Re-.nmLe h nnomit'" · lhc lJnn·en•1ty of Wt.:~tcrn Australia 

Nedhuhh 69Wi 

Ahs(ratt 

Tkfi.•nm~! l.:tMing \'l annunl pa'-.tlln.·..; h' allo\\ h~.·tttT t'slahll~-hmcnt can increase 
Stlh•l.:'qll~'ilt pa...,tun· prntiUt:llnn. hut at the rm.t rlf Ill\ rea-;cd suppJcmcntnrv fC~~ding and. 
perh<tr"· :1 !t\\\c\ ''l'l.k111t' rah: 1 hi·.; '\lud: u-,;,:s .1 Jctcnnmistic dynamic nptimizatinn 
tt <lllk'\\nt.l.. h' ,;ddit'""' thl'~ tr;l\l(:"l'ff .\ d: nam;c -;tmuhtion rHt'~cdcl of p.to.;turc growth 
;md ;mnn.tl ,~n\dth.:t!•'n tl'< I \Pl ''i'" li'ed tn 11'1\t"•tlgatc the eflct:t(\ 1'f climah.· and 
~r,tnm; l"h'""llll.' t•n i"·i"lilrt: pn\tlmtum Simulat!Pn run·~ f(n· dilh:-rt?nt. grazmg 
man.t~~~·mL"nt "tL!\l·~·;~,·,~ .Hhl nnll,ll plrmt dl..'Jl'.itt.:· \\t'Tl' ll'cd tn 1:stimate rnathcrnaticnl 
~,.·qu.tt;. Hi· t~o.!'rt:·q'ntm:.: rd.1111 ~n··rilp bt•t\\t,:~,·n l'd'·Hin: prndw. tion and animal production 
l~'' ih.' m t> .. · \'pll:lll/tt••lH n11•d~.·l it\~.,~, !Ptmd that tht; nptlmal~.:nmbination" of 
,h •~.. ~. T:.: 1 ,!h.' .m.l '··· th'lh 11i 'h.:krmt 1H m.t-..llllillth! til<.;: p!t'"'l2'11t \aloe of expected 

lntroduction 

< invmil mana~·i:tnt.·nl i, tht:' \.Pntwl tll p.btllt\.'\ and lih:,..,tnck an~.l their mo\'Cmcnts in a 

pa.,tur~ ceo:.::_. ·.;.tt..•m 1 \1ork;.. 1 qM, I l·nr annual pa"tures in i\·teditcrranean dirnatcs, 

potc-11tial t.'lcments nf an ''' l.'r.lll gTa7ing management strategy include: deferment of 

grazing in autumn during pastun: ~·..,tahlishmcnt cSmith and \Villiams, 1974; Fortune, 

i qc;~). pnn ision of supFkmcntary leeds (Bi~hop and Kcntish, 1966), adjustment to 

the stocking rate. fencing. to control the spatial pattern of grazing. planting of 

improved pasture species. and selection of particular crop/pasture rotations. 

There have been many studies on these management practices. Rossiter ( 1958) 

investigated the benefits of autumn deferment of grazing. He concluded that, under 

average weather conditions. autumn deferment gave insignificant benefits to an 



annua!- type suhterraneun clc.wer pasture. However, when early pasture growth was 

restricted hy poor weather conditions, twtum11 deferment was superior to continuous 

grazing. Bishop and Kcntish {1966). Brown (1970) and Smith ct at (1973) observed 

the cOect of autumn detenncnt on shC'cp Jivcv:cighl.s and wool production. concluding 

that there an.:' r~lsitn c f~!'J"Oil!-!CS in hveweight and \Vnol production. On the other 

hand. Bnl\\nkc and Robards (I 9Mn and Cannnn ( 1970) f<nmd that. autumn defct·mcnt 

lht• h•(U' til t!H.'7>1..' ...Yu\.ile' \\,1' pnnl;.Hlh tin tht· re:-.ptmsc of pa..;;tun .. ·.., and :.m1mals to 

,ldt'lTL'li ~·r.vm:: I ad'''" ~.ntl\\11 h' <tHt\'1 tlw- n:-.;polh:.' mdudc :..tm .. hmg rate rBrown, 

l '~~!' 1 .w.l p.\!-<tUic "T'l'1.:1c" 1 ~lmth ct a!. I 9711 It ha' h~..·en po ... tulatcd thM the pnsiti\·e 

suhtcrr<m~;m ~.lo\'CJ ~HHJ li\C\\t'ipht ~;lin (,f ~'ra/jn!! 'beep. they c\amined the response 

t't an <HllmaiJ'rodudion system under\ anou•, ~.tlh.:kmp rates. inittal plant dcnsilics and 

the p~..:n~tds of gWilllf! dderrnent. l'hcy c~ttrnatcd the combinations of stocking rat~ 

and length or gnttmg tkfcrmcnt \\hich maximi;cd economic retum under various 

iniual p!~mt densities. I hey t(mnd that t.<.,lal livcwcight change per hectare is 

~igniticantly dependent on stocking nltc and ·length of deferment~ thnt the 

economically optimal &locking rate was positively related to initial plant density and 

output price: and that the optimal duration of grazing deferment increased with 

increasing output price but was insen!litivc to initial plant density. 

One tmportant finding of Smith and \Villiams (I 974) was that the optimal 

combination of stocking rate and length of grazing deferment could vary widely at one 
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site due to vanations in initial plant density and pricc:~s of feeds and animal products. lt 

was recommended that in a practical situatkm an optimal combination of stocking rate 

and l.ength of dcferrncnt will need to be estimated for cnch site and system of 

production This study is concerned with this recommendation, patticularly in 
I 

dcvch.lping an ecrmnmic thuncwork that cnn he used to detennine an optimal 

combination of Sh\Chl11!! rate and length ot deferment m relation to seasonal pasture 

prodw:tJon. 

The :\tndcl 

rhr.,> lt)I,.'U._, l1f t}w.; '-tmJ> IS PH th~• h\~) <d till' ~}Wt..'p Fl'it/tllg IllHHttg\!nlCii{ Opti()(1S' 

shl(hll1)2 rat~.· athi \.i ... :t..:·nm:nt ,,f ~ra/tn!! Snuth ~md W llli~1ms ( 1974) ha\ e shown that 

d.d~~rn~'-·:1t (•! gr.111r;~ Rn\\\.' ! !9:-!2 i h<i"' f~nmd d1.tt there i..; a lmc.;tr relation"ilup 

bct\\cer: \'.,.It'll f'hldu.:n.~n pt~l <mim;.d an~i the annual f'a~turc dry maHer pl'{\(h.tr..:·tit.ln l't.~r 

f;,,!hw.mg) S('.l~l.\fl ,m\.f pa~tl·rc prr'IJUttlOti. o\L\..'l'~rdmt:ly the d) m.unics nf anima} and 

pa~ture productum ,_:an OC wnttcn ll1 the i(l!!OWHl!? Cl}lt~ltH\l1S 

\vhere B, is bioma~s at the end of season t <kg DM/ha). S~ is st(1cking rate at season 

t (hd/ha·!, LOI\ is length 1 • .1f deferment of grazing at the start of season t (weeks), and 

ABt is biomass at the beginning of season t (kg D!vt/ha) which is primarily a function 

of initial plant density. 

\Vool prodtt~.:tion also depend on a range of factors: 
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where \VY1 is wool yield {kg/sheep) per year. 

Sheep liveweight is treated primarily as a 1\mc:tion of stocking rate: 

where 1 .. \\'f is fivC\\eighl (hg.iflhcep) at the end nfthc year. 

Base,i \lB tht"·,c rdatinnships a dym.unic Hh'dd nf sheep g_ra7.ing nlanagemtmt is 

den:l{lpcd llw n .. 'l<llH'n"'hip \\C'l't" e..,t;matt~d usin!l multiple regression tn summarize 

the tl'"<Ult ,,, .1 1.h .. •tadcd d~ nanm,: ... tmulattnn ot pa,tme growth and utili7.ation. fhc 

estnnath'n \11 th~: nnlhq'lc re~!n.~,..,innt•qt'~ltlnn' ,..., de'>~..·riht:d in the f()!lowing se<.:t~tm 

v. hrr\.' \\'Y i-. \\(h\1 ~ wtd (kg \hc~p ). WP i-. \\ool priee ($/kg l:!rcasy \\'OOI), FC is fixed 

co~t~ per hectare nf pa:-.tun~ wh1ch indudcs :-;hearing shed. ~hcarer·s quarters, shearing 

plant. fences, ~.hun~. } tm.is. building and msunuh.:c C£.'ha') • Vc is variable cost which 

includes ~hearing and husbandry cost and feed supplements {$/hd), SR is st<)Cking rate 

(hd/ha). 

The model \\as solved as a finite time period, discrete time step optimal control 

modeL It was constructed with state variables which carry information regarding the 

system acrOS!) years, and decision variable (stocking rate and length of deferment of 

grazing) which are selected to achieve the objective of this ~~.udy. The objective is to 

maximize the net prC$cnt value (NPV) of present and f\tture farm profits. Solver 

f1tcilities in the lvHcrosoft Excel 5® were used to solve this optimi7..ation problem. 
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A dynamic sitnuhltion mt1del r.~f pasture growth and animal production (PGAP) 

(Curtis. 1986') is used to obtain duta on pn.~turc production (biomnss at the end of 

each year of sm uluti<'m) 'md anin,nl production (!i~: ·etl livewei.ght at the end of each 

year of shnulatinn) The rnodc·l i$ ha:scd on the farming system in the Shire of 

KnJonup. tn a ~hecp dnntinated rcgHm of the agncuhurnl area. Annual climatic data 

frmn 1960 tn 1979 (20 year penodl lc1r Ko_jonup. \\.A (which are readily avaiiublc in 

the ~irnuhHi\m 1m•dd 1 \\t:rc used tn oht;tin annunl pasture ptoductton and sheep 

fl:rnductwn w a\\ :de range of dilmtth: and management scenarios. 

l\\'cnty th t: "hnt.~n:m gr~um£1 nt.uta~~eJncnt !"Y~tcms v.ct·e simulated over 20 yeat·s: 

ttr~.: ;.-tl.lt.~Hlg rate-\ t4. '\ .h,7 ~md X shC't:p per hct:tare) by five lengths of def~nm:mt of 

gra/m~ (0 . .:. 4, 6 and X \\t'Ck"-.1 f ht:sc ,jmuht.tion,.. ' ~re repeated (!>r nvc levels of 

a\aJitthk ):!n:cn dry maHer <it h'l'tmmatlon (50, 150. 250, 350 and 450 kg IJ!\1:11:t) 

Ba,ed un the tH!tput nf the..,~: '-Unulat1on nms !20 x 2" x 5) multiple regression 

cquattnn ... h H' cquailons ' i 1. t 2 i and ( 1} \\e-re <:~.,ot imntcd ·rhc multiple rcgt'cssion 

('tp.tatlorl tor l l l j, 

(5) B, ~ 4315.23,. 39Lltfl SRt + 38.74 LOD, + 2.94 AU, 
{10:;04! lL~"~H (167) (016) 

Since the PGAP rnodet docs nnt provide wool production output but provides 

livcwcight. output .. wool ~add was cah:ulated based on Hveweight and Hveweight,. 

change data obtained from the P<.IAP model <)Utput using the following equation 

fi·om Canon (l969J in Ailden 0979) 

{6) wy = ·2.221 + 0.729 M0
'
7
!i + 0.216LWC 



where wy is \Vool growth (g/day)t l\~1 is 1nean livewcight dunnu, the simulation period 

(kg) and L \VC hveweight change (g/dny). This wnol g,nl\\1h was aggregated for the 

simulated period for each scenario nnd used to estimate the foUrnNing equat)i:>lls: 

(7) \VY ~5.25 + 0.00003B1•1 - 0.2381~ 1 + O.OJL01>1 + 0.007ABt 
(0 12) (I E>'i) (<HHB} (000~) (00001) 

cs> L\\T1 ::1:1 45.76 + o.ooosn •• -o.~c.sn, + uJ<>LOD, + o.oot7AH, 
t<Hl~ I t91 ·") 1t1 OS! !ll ll•1 (0 00! ) 

Standard ~rrnr..; of the par;Jtnt:'tcr CStlmilll:s an: '-lhown in brackets Value or R f(u· 

'-''ltM11mh ( ~}. {7) and pq \~ere 0.10. n 7(>. and 0.10 re!-pet:tivdy. Fquathm (8} is 

\, k•;ul) ~.-~tpHII mt: \t'f) little nf the;• \ tll Wl1l:C in fn·c\'.'Cight In rat1JCUiar the estimated 

unp.:u. t ~~t ~h\t~ll1t1 mtc on il\c\\t't~ht \'""" c\tlcm.dy small ( jjvcn the tonllict of thi~ 

a pnou !."\P~"·t~lthHl\, and the nnpnrtancc of tlus tuncuon to the 

'' nh k2 \aricd over sevenll va.lucs 

Available green dry matter at genninnti'm was calculated based on the ~unount of 

brnmass at lhc end of the ycur of simulation (dead dry matter) using equatio1ts 

developed by Trenbath and Stern (1995) with sorne modifications (Trenbath, pcrs. 

Com). 

(10) AB= n * lH * GF 
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where AB is nvaiJHble green dry matter at germin~1tion (kg DM/h~l), 13 is biomass at 

the end of year of simulation (kg DM/ha), Hl is harvest index and or: is gerrninating 

fn.:tction 

In this .... tudy pasture production il\ ah~umed t.o ~..~onsist t1f SO% clover and SO% 

ryegross. thcrefhre HI fbr the pasture is t•alculated at; fhHow: 

{11) PHI= (Rill+ ('JH)/2 

\\h~rc PI H t" harH:;c.,t nu.fcx ol pa~-tt.rc. RHI ~~ har\ est u1d\!'i\ of r}cgnls.,. and CH.l is 

hant:'-l ;ndrx of doh·r <IH lor t~cvra~·. t.s 0 ~~ d log (f;R/B)~~3~ 0.15· 

t' ~~~7""ik~gtSRIH•1]1f lng <SH lr) between -1 and; t. and 0 if lug {SJVB)> *I: IH 

fpt l..ln\l'l h 0 I;;; lt h\g tSH·IH· ~ 1. 0 l' •0 I n>~>(lotz(SR/B)J 11 if log {S.JVH) between 

~ t and · i ". and 0 ; '\.0 1 ~ jlr1~( ~I( B!' l .; I 11 i•lg ( SIVB) i···l :\ ) •. 
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Woof Germ. 
.Prl~c Fraction 

-'00 

400 

500 

600 

Optumtll.~nuth <d Oc!.emumt 
l'llll<l'l Pntt (,QOc. o~·"'ft!''"'tlnU f-r!l~i<;::tt 11.l•1.1 

. 

10% 
30% 
60% 
101Vq 
~)0% 

50% 
10% 
30% 
q09/o 
10% 
30% 
50% 

'• ... '• . . .* 

'4 

.. ~., 

NPV {$/HA) 

5% 
365.06 
505.32 
52054 
56it76 
612.19 
832.19 
766.66 
112.5.82 
1161.79 
1046.87 
1442.(32 
1473;99 

'" 
'i,' ~. 

\4 

': ... , 
• . , 

l 

··• ww.m' '·• .. ~ ... '¥); 
... --!!'~"'* 
...... ,p.f.!l/<i, 

.,...,....pi!"' 
I~F 

\ 
i£ •t 

15% 
180:27 
253.78 
261.54 

. 271.54 
397.50 
407.8(5 
381.02 
544 •. 36 
5f>7/1-7 
498.50 
692J32 
70£3.~;3 
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woof ~·erm. 
Price Fr~f;tJon 

300 tO% 0.0() 0.00 
0.00 
0.00 

30% 0 00 
509/o 0 00 

400 10% 0.00 000 
0.00 
0.00 

30% 0.00 
GO% 000 

soo ----ro%·---1-.3-4- 7.13 
000 
000 

30% 0 00 
50% 0 00 

600 1 0°/1) v.ao --a.oo 
0.00 
000 

Wool 
Prke 

Wool 
Price 

301}/Q 0 00 
50% 0 00 

YEAH 5 PROFIT {$1HA} 

Germ. Di.$count Rata 
.Fraction 

--;11.~~~~~ 

16%,1 --· (.Wo 

''30Q iQl'l/(1' /8 61 ;2'8 51 
30°/c: 40 55 40 55 
50% 41 75 41 75 

wo .10%J 
~----...,,.~....,., 

4!> 18 45 16 
3Qf.i;h 67 21 67 21 
50'% f$8 87 66 87 

r.~oo 101% -·~9-r--- 64.47 
30% 9446 94 46 

5011
/() 9865 96 56 

e··~ • 

600 - 10.,/(1 86.16 86.13 

30% 121 99 121 99 
50'% 124 53 124 53 

YEAR 5 SR (HD/HA) 

Germ. 

300 10% 2.90 2.90 
30% 5 76 6.76 
50% 6.80 5.80 

400- 10%·•-----2,.;,...•eo:..t-...,...,...,......--....,..;:::..2..:..;,.9~o 

30% a.2e a.2a 
50% 6.30 6.30 

500 10% 3.02 4.16 

GO% 
600 HJ% 

30% 
60% 

6.68 6,!:)8 
(t60 6.60 
4.30 4.35 
6.80 6.80 
ttao B.ao 

JO 
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