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A bstract
It is argued that in variable farming environments, system improvements from new technology or altered farm practice can rarely be predict 
intuitive or partial system analyses. This is accentuated for quality production where more complex analyses are required to make decisions that of 
farm performance. Inadequate account is taken of the inherent conservative behaviour of biological systems, caused by negative feedback, and d15' 
of variability in production responses, particularly in pastoral agriculture. From the heady early days of exaggerated promise, whole-farm systef’’ 
technology is now being usefully applied. A case study shows the on-farm costs of out-of-season lamb supply from using different technical apPr‘ 
to the issue. The on-farm analysis provides a benchmark against which to assess the efficiency of a range of industry options for supplying out-of'; 
lamb. A criticism of the present is that there has been little emphasis in promoting farm system research models for use by other than the 
teams. A vision for the future is that whole farm model software will become sufficiently accepted and used by a range of scientists to test an
(hpir Hroomc A korrior U» »U *1___ __ _ r .1 1------—........ — »ui nutmi j  anu useu oy a range 01 scientists to test a
their technology dreams. A barrier may be the threat to those who fear the scrutiny of a system analysis before promoting potential technology bed

Keywords: Farm technology, lamb, out-of-season supply, value chain.

1. Introduction
The critical role of the producer in the meat value chain is to manage the supply of stock. The control of any meat production system(i 
management of a large number of interacting biological processes. Within grazed pasture systems these extend to include interactions betwe«11' 
and the quantity and quality of feed produced within the system. This leads to additional uncertainties compared to feedlot or controlled end'1 
poultry and pork production and is the major challenge in managing and designing improved pasture-fed livestock systems.

Previously, the improvement of grazing system productivity has been more straight-forward because of lesser market expectations of meat f  
Trading in frozen carcasses and a greater tolerance of variation in carcass size allowed producers to maximise carcass production by adjusting lhi‘ 
sunnlv of stnr.k tn suit fepH availahilitv nn rh*» farm ----- j _i •.......... ....._ j • , , r  J J .
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1 tun*'

“ . ---------- ; ° — -------------  anuwtu piuuuccis 10 maximise carcass production by adjusting
supply of stock to suit feed availability on the farm. For example, lambing and calving occurred in spring and stock were slaughtered in the au 
feed supplies reached critical minimum levels required to feed capital stock over winter. This simplified producer’s management but resulted''

iann fr»r mpal nmr'Accinrr U ^ — ____ *.1___ 1 • . _.v-u uiiimiiuii. icvcis icquireu 10 leea capital stocK over winter, this simplified producer’s management but resulted
seasonal demand for meat processing and variability between years in the timing and size of carcasses produced. Smaller carcasses were produ1 
in the season in drought years than in years with high summer rainfall. New Zealand’s average lamb and beef carcass weight has ranged from 
kg and 210 to 253 kg over the years 1970-1990 (Sandrey and Reynolds 1990)

.J w

The frozen carcass, commodity marketing, era focused production technologists on practices which improved meat production per hectare.
a sso c ia ted  w ith  the rpfnrnc tr» th#> n m rlnoo r A KirrU -----------  -----  1 • • . . : _

The*0, - ~—  r ■ 1W.1UVIV51J10 vu which linpiuveu meat proaucuon per Hectare. 1
associated with the greatest returns to the producer. A high degree of success was achieved in developing these practices Major improvel, 
productivity were made by simple controls such as the control of animal health and plant pests and the use of fertiliser and increased stock** 
(McCall and Sheath 1993). The latter controls were successful because of their dominant influence on pasture production and utilisation, ^
pro uctivity per hectare of land. From 1960 to 1985, New Zealand’s meat production increased 67% under stocking intensification which sa"' 
increase in stock numbers (Sandrey and Reynolds 1990). B on wnl

Now, changes to grazing systems are now being reqmred to meet the changing needs of markets for consistent supply and to reduce the s e M  
meat processing. The move toward supply of fresh carcasses and to more closely defined specifications with greater spread of production throu«'1' 
year provides a stern cha lenge to pastoral producers. The technologies and farm practice that will enhance production efficiency are no longer5"*
T a i e w i  h : dlv‘fdua c° r ner  0 f!he system Wi" pr0vide simple controllers of production efficiency Rather, we will need to é v a lu a is  f a new technology for its effects throughout the system because of subtle interactions with oth^r *ua __T_ - ....
f ; , , r - rr J cuui iuncrs or proauction etticiency. Rather, we will need to évaluai

L tL m L  th "° °HT °p ItS f6CtS t r0Uf ° Ut the system because 0f SUbtle interactions with other components in the system. In addition we » 
determine the modifications required to farm practices in order to obtain maximum benefit from a new technology. There are also likely to be 
one stock policy and technology option that will meet supply criteria and which need to be evaluated

2. Evaluating new technology

J.1’6, Cfqlq"gThin eVa!Uatin?,‘he renei iL°f “ "eW teChn°l0gy on' farm is t0 forecast the physical and financial outcomes arising from the change v 
effe r.98|9 ' Th V  h "  prcblem faced by the Producer in deciding whether or not to adopt a new practice (Parminter et al, 1993) The more inter*
roh^stne« Of ®  “  m°re COmp'eX “ 'S for Producers to comprehend and learn to manage (Paine 1993) Know' "robustness of & technology in a runtre. nf rlimatir Gr»r»Hitir»r»c ic oie. —* • ___  • , . . ® 'robustness of a technology ,n a range of climatic conditions is also important in assessing risk, as
implement the technology to hest effect Fnr these c.------------------------  . , .. . 6 cuanges to ramunplement the technology to best effect. For these reasons results from component
the variahTtUSefWe ^  thll co"sequ®nces of Ganges to one component of the system when it is part of a larger system. We also miss in acco"»” 

par, of t h e 09!>4> ^  Sh°Wn ^  *° q"te  differen‘ C0"C,Usi°"s wben variabi.ity is

A feature of complex biological systems is that they exhibit conservative behaviour because many aspects of the system are subject to *
f lgman, ' 9f93), . Nef at,"'e Redback occurs in grazing systems through factors such as future pasture quality and quantity For «j 

attempts to feed animals for high levels of daily gain in spring can result in wasted nastnre which can • .Lq , . y__.«r
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, f  a ■ i V v . 7 , , -----  ° 5* ^ mcius mrougn ractors such as future pasture quality and ouantitv F°c
attempts to feed animals for high levels of daily gam in spring can result in wasted pasture which can reduce pasture quality in the late summer* 

press pasture growth rates in the autumn (Korte et al 1982) and ultimately animal growth rate. Seligman (1993) quotes the example of nunior0" 
Va" a‘‘°nS !" thf tlnUng 0f supplementation and nutritional composition of the diet offered to dairy cows have produced short term d ifK  

mil yield bu, when ong term effects are analysed there is a remarkably constant relationship between total e n L S ^ t o ^ ^ i  ^

production e^uiirnum6" 10"51̂ 5 bUffenng CapaC‘'y °f bi° l0gICal SyS‘emS tha‘ eV°‘Ve t0Ward an equilibrium, in this case a cow body

Exaggerated notions of the gains from introducing a new technology arise when perceived benefits are extrapolated directlv into 
recommendations (Sheath and Bryan, 1984). Brougham (1973) and High, (1979) noted that theoretical gains in farm system ^rfom ance 
aggregating component benefits of improved plant and animal performance, far out-strip realised gains in farm system performance.

A solution that ensures system feedback’s are taken into account in technology evaluation is to test the input / output affects of a change to ^
r988npahekSySttqTQitS f  ' i ‘S phllosophy has led t0 the successful development of farmlet trial research and farm demon.stration research (L-°"‘ 
988, Parker 1989) . Farmlet research has been valuable in assessing the biological benefits of new pasture species (Webby et al 1990) ^
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rates (Harris ind H iV ' al’ 1978)’ intenslfication using fertiliser and stocking rate (Clark et al, 1986, Sibbald and Maxwell 1990) and increased lambing
ewe milk productionrp n i f -  t0 nam6 3 few’ Presently farmlet exPeriments are being conducted in New Zealand to evaluate the benefits of enhanced 

» ■ u - Muir pers comm) and twinning technology in breeding cows (D. C. Smeaton pers comm).

"umber'ofSSystem c "'f-8 m°re W'deSpread use of farmlet systems trials are the level of Physical and financial resources required to run them the limited 
Th«e factors can li™ '®“ratlons and years over which the system resPonse can be evaluated and hence difficulty in learning about system sensitivities 
assessments of risk? development of changes to other farm practices which would optimise the benefit of a technology in the system It also limits
farm systems has IvTn T *  f l W!th the variablhty ln Phys,cal and financial responses from a technology. The major research use of biological models of 

een to fulfill the above needs. These models are a tool for use by systems researchers.

There °f model‘ng
link ve"V"dolledr“ h'Satl°n that the most useful models for researching biological interactions at the farm system level are not grandiose models which 
*el1 developed a n d ? ? 816"1 ? ° delS ° f P'ant 3nd amma‘ phySlology and soil chemistry (Seligman, 1993). These sub-system models are not sufficiently 
d'scount detailed mJ ,  COmblned Create a model that 15 so ‘dense’ that u is difficult t0 determine model validity and explain results. This is not to 
°ehaviour at this level (“  °f sub-systems’ as mathematics will be an increasingly valuable tool in understanding and explaining biological

Grassland and f
deduction funcrion!^"1 SC‘enCe typiCa“y conducted at an empirical level and the need for farm system models is tc generate physical input / output
reasoning rather than h,, T " “  ana,ys‘s and t0 understand system sensitivities and risk. In this sense the farm system models represent tools to aidbeing ubiauitous nrnhlp.m snlvprc f.̂ pliaman TKno or*» kirvl/-***; r.r.1 -----*.:_* __ i i r.
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, J "ng rather than h e i„7 T  10 unoerslana syslem sensmvtttes and risk. In this sense the farm system models represent tools to aid
0 describe interactions h f  ublquitous Prob‘em solvers (Seligman, 1993). These are biological ‘accounting’ models, often using regression relationships 
l,°k at the effect of sv s7  variables  ̂ By water and Cacho (1994) describe them as farm management research models because they are designed to 
l hese models faithfullv °rgamSaT  (,farm praCtlC£) °r SyStem lnterventlon <eg new technology) on financial and physical outputs of the farm system 

a,ntain pasture and Z  I T  ® V consequences of climate effects on pasture growth and take care of system constraints such as the need to 
^  a animal states within certain bounds in order for the system to be biologically feasible.

J 0ut how it wnig°°d fa™ system model is to provide a conceptual framework to bring together information about the system and to create knowledge 
hf,Cific 'o the problem^ h mampulat,0n- D'fferent models often need t0 be constructed for different problems and the results of the studies may be 

°logi<*l i n f o r m a t i o n ^ m  r A ^  f  ” 7 " '  th6Se m°delmg StudieS ‘S t0 ensure aPPrePnate use is made of the basic 
he Problem at hand. deSCnbe 6 ^  SyStem 3 " decldlng whether il is most efficient to develop or use a new or existing model for

A numjj^'^8 applications

: : S t ; ^ r UCted USing f rrm m0delS- B0Wman et 31 (1989) dem°“ d the use Of such a model m their evaluation of
dUction benefits of s e i f  r  , T H af ment 'Wm Smg ^  in self-rePlacing Merino flocks in Australia. When the potential

su V!6r 'Win lambs at birth anH 6 h J V  7  "““ i  ,targeuted 6We feeding‘ Culllng of non-pregnant ewes leading to less ewe pregnancy toxemia 
T e r n a r y  feed use througĥ  beitfaige^g oH ^nsf' § ^  ^  ^  ^  P° St-‘ambing and the “PPortumty to reduce

i f f  '"Austra l i S i “* uhe Chann,eling ° [ resources t0 favdur one stock class (twin bearing ewes) could only be achieved at the expense of the other
t ’̂ i n g  percentages^L e t ™  , 7  m°re 'han ,55?  ° / t0'al reVe"Ue’ n° “ ic gai" ~ d from the use of scanning in flocks with
supn, 0Wered twin mortality L f  ^  msuJRc,“ ttwln lambs from which to recoup the costs of scanning. In this case the benefits of extra progeny 
n o f f emary fe e d w rf  h a s e T s c I f  n f  1  by fw°o1 production losses from single-bearing or non-pregnant ewes unless additional

k5 tbere Were frequlrivteH h f  g 7  Pr°dUCe WherS there W6re at leaSt 10% of twin beari»g ewes ¡» autumn lambing flocks. In thesequently teed shortages in late pregnancy and lactation due to effects of drought
*°«e and Rhod
S ; ant sPecialif p a fre  CXample in the US£ °f m°dehng when analysing the benefits of ¡»eluding a part of the farm in drought

‘° c°nsiderati0P of o f f  ?  nd farmmg environmems in New Zealand. This study provides a classic example of how the modeling analysis■on Ot other parts of the SVStP.m that neerteH to he alteroH m o u ._r:. r______ :____. . . . . .  . . 6 analysisIn this
ter"‘

^"sidération of other f T n . ü  ....T  , l »ls bluuy proviaes a classic example ot how the modeling analysis

leiA MeCan
p /
V

1 new nach.r. i j  , , . ------- - “ VI11 anu mmiiiimung urougni tolerant p<
W pastures needed to be used to support increased production from a high return enterprise (bull beef) to be economic.
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S,Ze catqe yielded 1 7  he f 1°" ^ " 7  ?  beef fmish'ng- DesP'te greater intake per head, finishing systems with higher
sla; ;he,S,Ze cattle are less maturê *  ^  i ?  P6? ^ ^ ' 7 ' ^  ‘° d??eaSed animal aversion efficiencies as animals mature, and that high
C  red at «rcass whlh ? C'k Si?Ught?  W£'ghtS' The S^test efficiency advantages to high mature size cattle occurred where they were

USeof the large deef » m 0ne year ° f flmshlnS “ mpared to lower mature size which took an extra year This was
A four(h 356 ln carcass gam Per hectare ¡n cattle taken through a second winter (55 to 60% of year one; McCall and Marshall 1991).

th 7 > nŝ  is a ta7 edge ° f hthe r!fk associated Wlth varlab'c responses due to interactions with climatic
‘ lima, t6rbury region of New 71 2  a r ^ ' 5,'5 “  feXample, ° f ‘h’S Wherg the et;0»0mreally optimum stocking rate was considered for sheep farms in
C  C,data Us‘ng a common 7 n f  H yS’Ca, T  Werf  S'mUlated f° r 3 range ° f stocking rates of capital stock over 10 years of
behavi Cl,I»ate. Results °,f deC1S‘0n for stock sales and supplementary feeding. This was compared with a simulation using an ‘average’
fiC c ? r 0f farmers in chTosinn » 7  y th£ imp0rtance °f c°»slden"g th‘s^ m b .H ty  in system evaluations and explained the conservative

Clal Performance over the m S 'T\  0Ptimumist0ck'»g rate was 20% lower ‘han predicted by an average year analysis. The averageer tne ‘0 years was 12% lower than predicted by an average year analysis.

te idr deternunm7hefofy7 ! aTfbS ,S ° f imp“ 6 “  comPet'tlveness.°f tbe lamb meat sector. The following case study is a modeling analysis 
°l0t’'' "'hich allows ew? , u f ’6"' ° f ProducinS °ut-of-season lamb on a New Zealand pastoral farm. This includes the option of us.n*

s ewes to breed out-of-season. 6

th«
A
A

Th0erCaSeSt«d
ä Prod7 ls a g r o w ^ f 1- «  0pt'ons l° r lam*> supply

lech??0'1 Season fofla?1? 0' Pr°dUClng lambs for daughter on a year-round basis to meet the requirements for a continuous supply of lamb The natural
Howev°8y wh|ch extends thl h fr? ?  DeCember until July’ The year'r0Und chilled lamb trade is Partially aided by controlled atmosphere packaging
'v.th theer' a gaP remains ovlr Senf h Chil? d me3t (BC“ 7  2 ™ !  ‘" 3)' Thi$ al'°WS effeCtiVe SUpP'y ,0 be extended int0 J»ly a»d A ^ -  °nset of peak Dastiirl P ?  thr0Ugh December Penod- Most farms commence lambing in late August or September, because this coincides 

' re growth rates and is achieved by mating ewes during the natural breeding season.
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5.1_Model descriptionssmmsmm
£m=B S B S ~ ~ B 5 =B^F=-=i

removal from each paddock rcom pu t^dady  and' the'pasture ^  ^  “  ° f P3StUre aCCUmU,aII°P

ŝ l ^ c £ S i z £ ,  r j f ,  s  d a T :?  compnse th;  ™ ng managemem input " * » - ■  p<
number of animals to be sold are specified. ? deC1S'°nS " *  SpeClf,ed b> date for each ™>b. A minimum sale ^

m o d i^ i i le x i 't^ ^ 'e v i i i^ ^ n '^ h e ^ ^ g e ^ ^ ir i f i i s ^ ib ie 'g r a i r in 0 3 ^  h3S “  *? » ^  ° f inPUts which need to be sup p J
manaf  ment of a given option, fustificat.on for the input stricture is t h a t T S ^  S  S Z p r S e S l J  $ £ £ £ ¿ £ 5 '

■ps‘:

5.2 Case study design

compared with a standard sprint; lambina 7 s r e f ' 7 7 1 7  7 . ° 7 7 d7 . ! 7  ^ ‘wttn September and December were consl^compared with ,  standard spring

s t s r 10 “ ,uran ' " 6 <April ■M , , )  3o% ° f  ,he “ ■ »  » * "  « * " » » - » ■ * £ 2 5  i s s  J '

“  t  * * * * * ” m  * — *  • « « * ;
dispensed from the system in mid January Potential pasture production ^  h Tu ^ °T *** commencin8 ™d January. Cull ewes ** 
model from el,mate dat, Inputs These da,, appltedhill pasture. the Wadtai re 'in 'o f  N e » 5 Z “ l S 5 d  bT » “ " “ 1" '

d0 Ci”  * “  " 0 ”-  -  optimisation « * * ’
1984,. These inclnded ,  60 i f ,  rotation^™ wTfr„m o. Z i  ° 7l M 7  T s '  "m for W“ k“ ° ,h" P  mi **> f™  (Sheath
was 3 days C.,,1. g „ „ d  the paddock ahfd7 ^ ^  °f '“ "“ S <25 A“<9“ '>' Tl>' 8 ™ » 8  ¿"ration on each (f
days with the ewes being moved in with the cattle for their third dav of § ■ p ° °we’'.Srazin8 system. That is, cattle grazed a paddock alone 
farm and from early October until weaning(30 N t ^ r t S  t r  & T t  ‘T blng Unt“ early ° C‘°ber eWes Were «ft-stocked °ver l0‘
the fa,m an,„ earl,' October anfthe, Z t e f t h l  h 5  e5  " 2 m b s 7 n  afo 'd '.I  '  T7 7  7 ’“ '  " " i"ed ”  * 30  d“> rotat'on «*? ,
combined mob of ewes and eattle in a L « 2 e r  m . H Z T x  ‘ “ ' “ " 7 '  » ' * “ «) “ mbs ^  *,7

r s i — ” *” A - s -  - -  -  -  d4 X T e r r f r = 7 r r ^ x t r 2̂
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March reoard|WeiSf' Ca"le ab° Ve 220 kg carcass wei8ht were sold every two weeks commencing mid-January. All remaining cattle were sold on 30 
ess °* weight. Replacement bull calves weighing 200 kg liveweight were purchased on 1 April.

al|ocated To%he ¡lgu‘eSt th‘rd of ram lambs for suPP'y in September was accompanied by three changes to the grazing decision rules. The ram lambs were 
leader/foliOWgr° farm ° Ver winter ( ,5/ha) which allowed them t0 grow at between 30 and 60 g/day. The number of days overlap on the cattle 
were grazed t r S'1aZmg rotation was adjusted up to ensure that ewes maintained their conceptus-free liveweight over winter. The ram lambs and cattle 

gether over 35% of the farm in early spring. This reduced the area available for ewes and lambs back 5% to 65% of the farm.

Iambing ev̂ es"16 W3S tlmed t0 OCCUr between 20 and 30 APril from a synchronised hormone treatment that induced breeding in late November. Spring 
become pregnaTi a Weaned on 10 November to provide additional ewes for out-of-season breeding since only 50% of ewes treated were assumed to 
c°n’prised 2l%” *Andrewes and Taylor 1986). Sufficient ewes were treated to ensure that 30% of the flock lambed in autumn. Autumn lambing ewes 
Fr°mmid Julv° 0t-i 6 capital stock units wintered. They were grazed on 40% of the farm on a 40 day rotation from 1 April until weaning on 19 July, 
rotation on half* f Spnng lambing the weaned lambs and cattle were grazed ahead of the autumn lambed ewes (48% of capital stock units) on a 60 day 
*ambs greatef,u °f !be farm' This arrangement continued until spring weaning (10 November) with a 25 day rotation on 40% of the farm. Autumn bom 

'nan 13 kg carcass weight were sold from 1 October.

s i ? 56 study results° l«uing tyith
Per head perf0re Standard system, Table 1 shows summaries of model outputs with stocking rate set at either 10 or 12 stock units per hectare (su/ha). All 
and bull averarmanCe lndlcators decbned with increased stocking rate. Average lamb carcass weight fell below the minimum target of 13 kg at 12 su/ha 
fr°m 10 to 12 wharCaSS We‘ght dec,ined t0-lust above tbe minimum target level of 220 kg. However, all per hectare indicators of performance increased 
iambs and bulk , ii 6XCept bul1 carcass-weight gain per hectare. The reduced per head performance at 12 su/ha was reflected in a greater percentage of 

s 1 P^sent on the farm in March which were sold regardless of weight (Figure 1).
^ financial a 1
Prices of $2.65 Y T  °r f Y  r£SultS Table 2 showed that the ër°ss income was greater at 10 su/ha ($444 / ha) than 12 su/ha ($420 / ha). This assumed 
passes over 22o1r °T Y Y  carcasses 'n tke 13.5 to 16 kg range and $2.50 / kg for other carcasses. Bull beef prices were assumed to be $2 / kg for 
Y In addition : and $1 '9° /kg f° r carcasses under 220 k§- Bul1 replacement costs of $300 / bull were deducted. Wool was assumed to attract $2.50 
rtnanciai analys Y  °W£r gr°SS lncome the hi8h stocked scenario will incur added variable costs in the order of $8 / ha to carry the additional stock. The 

y s avours the lower stocked scenario and this was taken as the base for comparison with out-of-season production scenarios 
Tabte 2 show
lambingraterrSeflhySIHalt,Pr°dUCti0n summaries for the retained lamb and autumn lambing scenarios alongside the standard system. The similarity in 
^  lambs and , ® management strategy to buffer ewe performance from the effects of additional feed demands on the system caused by retaining

¡tin,, .. u umn lambing. Autumn lambed ewes had a sliehtlv lower lambing rate <T 10%1 than snrintr lamtvrt _u...».condi
fro:
the

htion at 
’at the i

an<j . ° --------— '-t-j ui auuiuuuai teeu uemanas on me system caused by retaining
lt matj ur™'ambmg. Autumn lambed ewes had a slightly lower lambing rate (110%) than spring lambers (116-117%) despite being in better 

retained? ? S refleCted lnnately lower ovulation rates in out-of-season bred ewes (Andrewes and Taylor 1986 ). Enhanced wool production 
standard svst p SyS'em W3S du£ l° the additional 24  kg of fleece obtained from each retained lamb. Ewe fleece weights were slightly lower than

s„arCass weight inTh e‘a,ned lambs obtained a carcass weight of 19 kg at slaughter in September. These lambs were responsible for inflating the average 
Y SOns lambs s I a , , r ySr - Lambs slaughtered >n late summer-autumn averaged 12.9 kg which was very similar to those in the standard system New

dard system to n  v ,n Y ' " 8 averaged 14'7 kg carcass we,§ht and contributed to the improvement in average carcass weight from 13 k- in the u 13 a  kg in the autumn lambing system &

b ? 8 S n l t n i Y e T l Y Y i  T * ™  -“ Y "  bul1 carcass weights' Reductions in bull carcass weight reflected reduced winter and early
dlanr'« .. r  L ill ie s  e ive n  tn Hullc in rhe. rp.fainpH-lam h nnH u n h irn nJ-m iK irm  ____ . i « Ju -,ng PriorifipQ ^  l .I • , ,  , °  --------------... vuivuoa Vivian iciicv,icu icuuucu winier ana early

| J aKnce 'he increased deml n r *" Y  re‘ained-lamb and autumn-lambing systems (Figure 2). Intake levels of the bulls were managed down to 
bers "v-r winter Th. Y  '  1  'ambmg £W£S and retained4ambs- Autumn-lambing ewe demands were more than double those of spring

to the need to
Sl, rs over winter Tn „  'amoing ewes ana retamed-lambs. Autumn-lambing ewe demands were more than double tl

pP°" the overhead I t1 ° *  efflc,ency of lamb Srowth (kg liveweight gain / kg feed eaten) during lactation than post-weaning was due to 
A . S lncreased ewe feed requirement. It was reflected in a greater penalty to beef carcass weights with autumn-lambing

adl'ional
effe,
than'Ctof redYTnYYTv1?  Pr6SSUre *" ‘he non-standard systems also 'educed average farm pasture levels in early spring (Figure 3). This had a flow on 

°f Sb- P S I S  is more severely reduced by low levels of pasture covervolun tnat of sheep (Bircham io«*Th  V  ^  “  ‘S m°r£ SeVereIy reduced by low levels of pasture c°ver
Un ary ¡make coLensation bv 1  b n ^  ithere was system compensation for these effects. Improved pasture quality in summer and

T pensation by the bulls reduced liveweight differences by mid-summer (Figure 2).
he reta^  ^

i i n rence^*"'tteiy~dofT T ‘laî bing Syf mS b0th,  achiLeved the deS,red alm of Spreading lamb supp>y (Rigttre 4). However, there was a marked Won. 1*.'11 . lam b  produced. The rpfainp.H-lam h n n fm n  w ill  invnrinKiK/ m-AHnoo » u » . _j  1___
*-ha(!

,ce 'n the tvne of u 7  ,  IT  a t" ‘c,cu ueMreu alm 01 sPreaaing lamb supply (Figure 4). However, there was a marked
11 wi" be difficu l t . ?  p' oduced' The rotained-lamb option will invariably produce both older and heavier carcasses than the autumn-lambing 
(stand,-a ... ethlcally, to restrict the carcass weights of retained lambs to 15 kg. The moderate 1% drnn in , 7

4 0 --------------- -- wmvaaaci man me auiumn-iamoing
for'."3 (LStandard ? ’/'? T *  the, CafuCaSS WelghtS °f retained lambs t0 15 kg' The mod« a'« 2% d'op in total meat production from 193
-  amb and using coi  „ , g Ha (aulunan-lambing system) ,s able to be managed within a flexible farming system by substituting beef production

(McCall and Bywai Y io T  ' SySt6mS ^  S‘°Cking r3te ^  ^  °n'y SySt£mS) Iarger drops in efficiency could be
exPected

Pr°^Uction
Shear|nganY iY T hY Y L ^Y Y hY nY ? ?  3 financia‘ f,gUr? fo' 1comparative purposes. The ‘gross returns’ presented were adjusted for the additional 
p 11 costs (»3.75 / ha) to retain 1.5 ram lambs per hectare through winter.
co ‘ded that lamb
S C ?  t0 tĥ ta n Y a ? d ? Y T e tY t7 rb!Y ^  t0 ^  Y  T “0" °f  ' T bS thr0Ugb winter wil1 improve « ^ a l  performance ($454/ha)
in o '"8 are likely to be down r ?  i absence<of a finanaaI lncentlve for ^  reason lamb. However, returns from autumn-
«ffici' £r t0 broak-even wbh$ ‘° ^  Pe"3 Y be? carcass welghts' This amou"'s an additional $11 required per lamb supplied

ncy- in addition them Wm St3ndard SySt6m' Th£ $1' differentlal per lamb i* a minimum figure based on the decline in system
S 4 e may be costs associated with the technology and labour used to achieve out-of-season breeding in ewes.

Y  simu?Udy l,ltcrI,retati'—
r°m a 

Stoctjr,
latter 8 rate and the s t r a t i 7  ‘,craulU11 01 ,a,,1U5 l[“uug" w,Mlcl ,UI 5pll,,S supp‘y IS tne most efficient option. The use of a conservative 
and Y ractice allowed nr ?  PY a 'S£ f,nishing cattle rather than ewe Perf°rmance through winter were the critical elements of farm practice The 
cover mmer and reduce ,h f ? "  ePflclency t0 be maintained because of the ability of the finishing cattle to exhibit compensatory growth in late spring

ln earlV spring which * u ° f Wmter gr° Wth depression on final carcass welght’ This was aided by a Positive feedback from reduced farm pasture 
enhanced pasture quality in late spring. Any partial system analysis which extrapolated from results on the direct effect of

[atj0n r  II

meat qudhy Y r ? qUantifi£d forecast of the Physical and financial implications of two options for producing lambs out-of-season. If satisfactory 
and the stY Y  ? ’ ® °.f lambS thr°Ugh W'nt£r f°f £3rly Spnng SUpply is the most efficient option. The use of a conservative

I* dlĈ V 10 DP.nullCP finicViinrr pofflo pafhpr fkhn nprfr»rmQnr>p flipniiivk ______ . 1 _
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options on cattle growth rates in winter would have overstated the
foreseen by the analyst, proving an accurate quant,tative estimate of the effect w o S  be Z ^ o T s i W e ^ "  * ^ Ne

- «  be required. The results of the simulation
on-farm to achieve out-of- season hmeHi™ ru_____ -«-season lamb production. There are at least two technical approaches that may lultir , . ............ * tut UUl-Ul-iCd
on-tarm to achieve out-of-season breeding in ewes These are oerw.v u™ j , .• „ , „ ---------------------------appiuacnes mat wt r
et al 1988). Genetic selection is a long term approach that requires the idemT S<'.ec lon (McQueen and Reid 1988) and reproductive intervention 
still possess other desired traits. It has The X n t a r ^ S  multiplication of animals that naturally breed out-of'  ̂̂ r<
identified and multiplied. The major cost is in the initial investment^nd^he t°Peratmg C° StTS and ease of management once suitable animals K  
ewes to exhibit oestrous, ovulate and conceive outside of the normal breed'™2 reqUlre ' n c°ntrast, reproductive intervention can assist by st>f •' 
achieve conception in around 50% of ewes d e - S S T ^ Z S  ^  1988)' The techno1̂  » currently Sachieve conception in around 50% of ewes treated at X s t  oT aromid S lT r a H a ^ 0" T™ '11 T 3' 1988)' The technol°gy is currently aval| „ 
value analysis would allow comparison of the economics of each ontion ' ? b produced ou'-°f-season (McCall and Bywater 1987). A i>el , a< 
length required for out-of-season lamb production ? g " aSSUmPtI0ns ab°u‘ 'he cost of the genetic selection approach J 54:

Cla
i Zeiaround $11 per lamb. This Tse'TTreprTdX °PP0Î ™ ty cost on Production. The latter was

spring, compared to the cost of supplying a lamb in late summer The •m/l h r  3 s around ^ 3  t0 'he cost of supplying a new seaso" 
range of industry options for supplying out-of-season lamb. For example th e T h a l^ n ™  u “ bf nchmark aSainst which to assess the effic'£lJ T  
the shelf life of chilled lamb carcasses supplied in early to mid winter Balanced^21186! ^  " T  'nore cost effectively by technology whid1' 
for the product. However, the point is that a farm system analysis using a whole f gamS , ,e C0St of shelf-life technology will be additional sWra- 
behind the farm gate but throughout the value chain. S ~ arm m°de Can provide a reference point for comparing options *»' Hij 

An

has led lo the belief that r e l f a n r i s t a H n o T te t^ ^ 'n ^ s T lr a b l i 'le ?  M in o to "  “ T “ 1' produc“ ” ays«™». Experience In farm sys««' a 
eenfl^ticns w|,| depend 0„ ,h,  d«,|red prodnln W *
McMillan and McCall 1992). At it simplest this will m earad X n eT'th eTX 56 COntnbutions from a number of variables working in com^l 
restrict finishing cattle growth rather than ewe performance The present caseTtudTmerel° the technoloSy to best effect, such as,
practices and technologies that would maximise production efficiency in resnonT iTT l  ! .  . “  entree int°  the possibil“ies for determ-"

- . 1 • - - llicpicsi
practices and technologies that would maximise nmHnrtinn ' * * * * pv/ooiuumcs iur ucit-
supplement for cattle, in combination with lamb retention, could have beenTnXigate”  enge' F° r eXample' the economi«  of using a *

lit! P'<

Lo

would be straight-forward to e T t S ' t h e ' ^  W3S n° ‘ considered in the caSe5 
returns from forward contracts for beef production ,  gfven b the Ina v ' 7 m  t i  n T T T . ooI w . ^  SUpply variabili* on vadjreturns from forward contracts for beef production is g , ™ V theTnalvsis T u  r  n ^  ^  ° f feed Supp,y variabili'y ^
would have led to a larger average opportunity cost for out of season nmd T 3 61 11 'S exPected tbat tbe incorporation ofv
1994, McCall et al 1993). Y ° f'SeaS°n product'on tba" was derived for the average year scenario (Cache and *

consequences have been determ ined^fsX latioTh'TT 'cLr'sm dy0it ismb “" f  ' '  3n°ther ana'yS'S Which can be Performed when Pr0#prices become significantly higher than lamb. ‘ y exPected that. economic support for retaining lambs would remain un̂

j  Mci

6. Conclusions

Mci
51:

responses to the introduction of a neT technology P a ste ^ X T p X T T io ™ 0̂ !3 C°nfr°nting an industry challenge, and in forecasting Pr°Î 
provide a quantitative prediction of production fremcom iXonTTn T  " f !  r i " 6 ^  bio1̂  1* « ^ c u l ,  if not ,mP*provide a quantitative prediction of production from competing options forTav mnTf ̂  b‘° Iogical systems- II is difficult, if not imp«
Yet such predictions are critical to decision makers Methods of prediction oihrr Î T ° n Iamb suPP'y» using intuitive logic or partial system

system performanc^ModelT^ôTi^sys^emTreseardîers'y^iÜ^aTiol toTndditakT^yTem^n^ysés.^^

Mc(
Con

MC(
the]

system. Evidence of this breadth isY apparent in' thT m o L T m T rn t ÏT n T h e T T l'X r 1̂  in these models t0 rePreS6Î
c  j — ...... .vuw.u vuu u t a icbuuuie ueri

system. Evidence of this breadth is apparent in the model presenter, tt,«“ /  , '" f --------- - *c4u“cu in tnese models to repress-
included  ̂maniigement componen'. However, progress ,n the development of fa^ystem  n ^ L ^ t h ^ T .  5  “ t o ^

Mci
Ora:

rapid and efficient development. Also, there is a realisation that the scTlTofThe^oder6™ ™0delS mn3nS th3' therC ‘S n° W a.literature t0 sup 
very detailed biological sub-models are not only very resource demanding tn H i u*S lmP0'tan'- Fal™ system models which incorporate 1 
™»,e ,be I I , d e v e i o p  .  new I d , ” ”  ^

niin
Soc

all farm system problems. eark

ä  Ä Ä Ä  H S ^ r = i r J s r . ! * - • ; n - . -  -  «  - r  -  «< ;;

Ani,
* ---------- ‘uniu ouppiy UCI11L

Dut benchmark costs can be provided for solving the problem in another „ - ' „ u .  * „u, umy can on-tarm options ue-
calculated at around $23 per lamb. This can be compared to the cost of sav devein ^  ^  C T i' C°St ° f supplying new season lamb in SP 
shelf life. Pared the cost of say’ developing controlled atmosphere packaging technology to extend

“arn
dei

i«” “ ” »“ ™  y“ ' * l,,e?  p"1™ “ - T6' re » “ »«

“  S>!“ “  ” d h“ 08" “  Wi" ¡nterdisciplinwy
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Table Performance indices under standard  management

Stocking
rate

(su/ha)

Lam bing
percent

Lam bs/ha Ewe fleece 
(kg)

Wool 
wt/ha (kg)

Lamb
carcass

(kg)

Lamb
meat/ha

(kg)

Bull
carcass

(kg)

Bull
meat/ha

(kg)
10

12

117

111

8.18

9.33

4.97

4.55

34.8

38.2

13.0

12.2

78.9

83.3

252

223

114

110

Inc»1
($/»:

41  

it

I erform ance indices for three production systems

System Lambing
percent

Lam bs/ha Ewe
fleece (kg)

Wool 
wt/ha (kg)

Lamb
carcass

(kg)

Lam b
m eat/ha

(kg)

Bull
carcass

(kg)

Bull
meat/ha

(kg)

Inc«1
#

Standard 117 8.18 4.97 34.8 13.0 78.9 252 114 4If
Retained Lamb 116 8.12 4.86 37.6 14.5 87.1 244 107 4?

(2.42)
Autumn Lamb 115 8.04 4.71 33.0 13.4 80.0 235 101 4)1

Fig 1: D is trib u tio n  o f lamb supp ly  (s tandard  system s)

Feb Mar

0 1 0  su/ha H 12  su /h a l
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Fig 2: Bull grow th

Fig. 3: Average farm pasture cover (kg DM/ha)

Fig 4: D is tribu tion  o f lam b supp ly  (ou t-o f-season  supp ly) 

300

Oct Nov Dec Jan Feb Mar

I I  S tandard ■  Retained Lam b □  Au tum n Lamb
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