



































og n fwt;maza: ami ﬁnan thc a.u%tet cnsmngs app@aring in Appanam XI-B. .

'baux acf:ivity ic duaigriac‘f tef msamu:e p@ak labaur aamand aammg dnzi‘ng 1 e

ks t’m cmr:im peﬁaﬁ of eon ympaxatim am} ezop mariting.

Iniuany, thc em:pping/pnétum aubm‘&xix was t:o includ« tiqu& f:eeehniqua ;

. dﬁffamncus highughtmq conveutzsnai and ain, um tiu. The com:‘lun:m of

k ,Farq\xhanon € 1 984) aud Godyms 41984) wox:k indwnta that the diffoméncﬁ b%vun

, cmp pzoduction don axiat. ni.nttat;lon: 0£ thia poteni::la:i mat ba mrzogniﬁad. '
2’0:! axapple; xtaﬁm {1986} hes cancmdﬁd :znn hs.s whola farm anaiynia of majox
= til;age triais {n South auat:aua that under good management both coste and

y"igidé are similar and ;t’h#t one uyatém does not have majoz advantages o&u the
fko’cher, thbngh under ﬁomn woatﬁar conditions, ¢ne tillage system may prove
adb_anﬁagabus over the other. Given past experience and 'mm&mmax trial
i:‘czu;té, t,,i,iiaga- techniques wers not included in this ssgment of thg ovarall

' i@ud‘y. Thair inqlunioti in the model, howevar, is simple in that the
crop/pasture matrix would doubls in size to repregent two tillaje techniques,

‘with gome data ¢iffersnces being inciuded.

‘wfu important aspscte of the model developmernt are both the yield of grain
an& pasture from different rotations and the use of paddock h:.atbry in
determining future rotations. In the Following yemrs, rots: on possibilities
‘Sﬁnodn out to a maximum of 2048 possibilities in the third year though this
nﬁmbat is marginally reduced by removing unrealistic rotations on agronomic

. grounds.

: these timaqa p"act;lces 18 mau thqugh the powibnlty of «nﬁng mntraintu on :



Vui‘.mm Iivaatoak aexhiviuca mva:ing tm traditxonal sh«p producti ;of
V'~m;1, J.mlh amz xut;ﬁou dr:c iuco:p&mtea into ’t:rm mult:,pcmo& nnaar ptoqrammg , 3
‘ ‘madﬁi, the neit ::up.‘mcg,ng narina shetp qntcmmina, denigmd to reflect

'i ész’twanﬁ mnageunt stmﬁagies cpsn tb South ‘Australisn :amz‘s, &re i’.ncludud
: in this gxodtl. The major ditfcrmcc bpmnn the two ahaap entlrpzun bﬁing t.hé g

tme of lambing and :tanb!m; .pa.rcéntagq. sp;ing hnbing ma percent. mlxkﬁngj

varsus the 't:adiziamal autt;nn‘xambmg ‘iani”mx&:éht i@drking} atx‘ntagy, R

| Table 3 dé‘ncziba i:a& 1ivestock and :.aa -&maﬁm submatrix of the ja@a‘ni |
tor yjqa,:,ﬁ For both tlcck types, ahaap can be purchand. sold at qruzod an |
part of an ov;ral;. farn pzm. Lamb, wool nnd nmttcn ax- Bold as pmductn of
these livestock entorprisss, vhile hay and fesd concentrates ave used to
‘ mg:pwmﬁ 11ivestock dieta vhen grazing supply is inadequate to meet grazing

dsmand and to supplement ews diets to enhance lambing percentages.

Feed for arazing (pasture and stnbbia)\ is pade avaiiable ovexr nine gcgiqdq‘ |
in each year, which match evwe feed requirements, Any feed remaining at the end
of sach of these nine periocds is detarmined and a portion is transfarred
(allowing for spoilage in the paddock) into the following pericd as available

fead for continued grazing.

Purchasing of additional ewes is financed by an overdraft, with the
interest cost being included in the datexaination of nat operating suxplus.
Revenua from sheep zales is used to reduce the overdraft while interest on this

money 4z included as income when determining net operating profit. In this
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ELivestock and Feed Transfer Submatrix
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manner, assets converted to cash are not conzidered as incrsasing the operating

surplus.
4.4 Labour, Mactiinery and Pinancial Submatrix

~ Table 4 describes the hirs labour, buy/sell, machinery, taxation and other
financial activities of the nnlt;p-,thd: prograsaing model for the first year of
the analyse. The planting season has basn designated as the period of :polkk
' labour demand for farming operations, bscoming & major production comstraint
when labour numly is lower than labour requiramants to plaut the aan;oixi;. é:cp.. :
In this period labour usage is measured in man hours per hectare whether
contributed by the mgz, opn:atux, cuner/operator or family labour. Once this
ungo exceedn predsterrined supply the sodsl allows for add;t;&ml labour units
to be hirsd. Labour demand is isportant when cmi&:ing its supply “mu,aud’

the cost of labour saving technology (bigger machinery for example).

Machinery can be purchased or sold for the purpose of up-grading existing
machinery. At all times the farmer is restricted to one of each typc of
sachinery by various constraint equations. However, where large farms require
more than onc of each maching, coefficient adjustmenis are made to allow for
thic possibility prior to searching for an optimal solution. Monies can be
borrowad to cover machinery purchased and thesc mediua tern machinary loans are
chargad the amortised value of the loan which reflects its annual capital costs.
The sssumption has been made that the farmer will at all times keep his
nachinery, even 1f producing livestock without the cropping antsrprise. It is
ynretlistic to consider farmers selling their machinery at low prices whan many
farmers are f£icing this option due to low product prices. And further,

movements in livestock/crop price relativities could ¢nduce a sudden swing back
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into eroppin ™ am- cily one year -am mamm mamm t!m: cones “under
~ the aswst mmr dozmma a8 ases ana in this m;.e

N7
Other constraints wst limits on total debt. Provision is not made for .

investment in more lend, or £or off-fars investment other than capttel

attracting an intsrest, as the study is ajued at existing farms and rotacional

sequences vhich optimize farm profite of the axisting farm size, Capital

expenditare on machinery/ 1ivestock is made eveileble from bank funding,

A gziwman for & ’ma‘éiwpx‘éﬁt 4n the a:ly ‘y'cmli of the faxn ;siag' can be |
buglt nto the model 1f expendicure on dmproving the livestock enterprise and
udﬁmw umudmg in pm!’iubxa in lcttnz years. B&w‘wnn, this Opt!c’m’h'l‘l‘ ;":61; |
been used in the model at this ntaqc ot dnnlopant becauss the phmxinq ho:.tzon :
is ondy uenm term (due to mtux size), and a negative first year ;tncnu is an
unlikely event to arise from machinery purchases as expenditure m’l’ uch:nq:_y is

deducted in equal annual installments,

Throughout the year, the farmer is required to mske certain fixed payments.
Thess includs overhesds, dedt repayments, family living expenses and taxation
expenditure. Tha latter expsnditurs is modelled using Vandeputte's (1970)
procesdure which allows for the Australian progressive taxation structure to be
modellsd, TFor reascns of sioplicity provisional taxation and income tax

avaraging were not incorporated into this modsl.

The model manipulates farz finances to maximise profits, defined as the
reme’,iing anpual finance after overheads, debt rapaymnents, family living
sxpensas {plus bas’c salary), tax compitmenats and veriable preoduction costs exe
deductsd from gross income from the cropping and livestock enterprises. The

surplus i ueed for reinvestment into the farm covering short-term production
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axponditure in the following year or allowed to sccusulate and sttract an

* 4nterest rate attributable to short-term capitel. i

5.1 Pars Back

The model was brilt using data from the Tarlee Rotation ZTrial (Schulte
(1985)}, the property of M. and Mrs. I.J. Rohde at Tarlee (sight of the Tariee
Rotation Trial) and expectations of Ahe Wid north region's departmantal

extension and research staff.

The fars cﬁtgi}.t’ti of 730 hectares of fertile red brown earth with a
rutation history of whaat/sovn clover/biriay/eown clover Over most of
the property and a =mall area ihav_iing.k a barley/beans rotation. The property is
known ¢0 have & low m?ﬂl cyst nemstode bicassay rating, resulting in high ;
cereal yields. Last season the enterprises concieted of 170 hectares of wheat,
140 hectares of barley, 50 hectareés of beans and 370 hectares of improved
pasturs which carried two thousend ewes that lemd in sutumn. (Throughout this
study this plan is known as the mugn farm plan). The sheep enterprise ig
self replécing. With the use of ,poncentratuyd’ feeding the current carrying
capacity of 5.4 swas/ha is relatively high when compared to district averages.

The property is run as a partnership of thres people.

The model was built to acpompany this property's farming practices of the
last season, howsver, for subsequent years eight cropping alternatives exist.
hey are wheat, bsriey, pesas, beans, oilseeds, fallow, voluntesr and improved,
clover pastures. For the next three years the model determines the most
profitable rotations for the proparty from over 2000 rotation options, each

#llowing for paddock history. Consaquently, paddock rotations are highlighted
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8% dﬁqtm im & m&m facm plm w&icuhﬂy 4n t.im first few yeats bf ﬂwi :
planning hm:iwn. Eventually the u:m- of plddk«ék history brought :-lntc: «thﬁ
model are rmwdmdu tise related farm plan begine to .m,: thus showiag

 the tmportence of paddock history and its interplay with econosic trends

{cereal/livustock prices for example) in deteraining an ammx farm plan.

 ¥h\le the ng:mqum assuaptions oz the mdq::i. are dascribed in dltlil 1u a

zo:thmmq pubncutim. & brisf ontline ia qiveu bnw.

5.2.1 Cropping
Both cereal, grain legumes and oil seed rape can be growing in various
rotatior cmbinatm“ but restrictions are put on continucus grain ldégumes and
041 aeed rape due to dxinn difficulties. Continuous wheat and/or barley is o
possible hovever yields are decreased and nitrogen fertilizer requivesents ara
incressad accordingly. Nematocide is applied with mora than two consecutive

yaars of vhost is grown.

5.2.2 Feed Avatlability
The year has been divided up into 92 periods to coincide with different
stubble and pasture availability periods and varying shsep requirements. Sheep

feed i supplied frow pastures, stubbles and purchasad hay.

There vas 14ttle evidence to determine the amount of uneaten feed that could
e transferred from one pasture pariod to ths next. While paddock feed spoilage
occurs because of stock trampling and weather conditions, there is no research
available to help quantify this loss. An estimate of 40¢ feed loss was used

betwveen stubble feed periods as this gave realistic carrying capacities,
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. Prow local fariut expsrience, it was aloo assumed that a volunteer pasture
- following & zown pntm yesr prodeced high lovels of dry zatter, This type of
pasture produced fifty percent mors matter than & voiunteer pasture that had not
followed a sown pasture. This sssumption had a sigificant mm_m,-nn the

~amount. of pasiure grown in the farm plaa.

5.2.3 Sheep Materprise
Tvo lasbing periods wers tested to determine which melf replacing ewe flock
umgmnt strategy best suited the feed availability. hntm lapbing fa most
co:uon for the mid-north district and a lambing mcmtigc of 90 fp«.;»a.m; vas
used. The second lambing percentage of 100 percent vas used for the less oomnk

spring lambing tise.

5.3 Hodel Vertification and Validation

Verification is defined as the procees of ensuring the model performs the
way the modeller inténded. This process viae performed by entering eppropriate
date and generating a solution. The solution vas exanined against economic and
agronouic principles and against the long hand method of deteraining a solution,

Oon both accounts ths model structure was proven sound,

The checking of the model to ensure the system has been adequately simulated
iz called validation. This process wasp performed by entering the model faxrm's
date and constraining the model to a one year planning herizon in order to cheack
the result agains thes current plan. The outcome of this process was discusasd
with the sppropriate extension and research officers to compare the results with
their expectations. This consultation also occurred during the testing of the
three year planning horizon model, and again the results reflected largmly the
sxpectations of the modeéllers, and appropriate research and extension utaff.

Puring the process of validation some coefficient estimates ware adjusted to



_allow the :cmtt.s to mrn tcmats;‘:&y reflect tha syaﬁen.. , An nmpla was the ’

t.ity mt: putuu tﬂn-ﬂr ttdtr om m&mﬁ tz: thé ndxt w;tthin a nnsan,

6.1~ mtmea mension‘ of t:hc cri“indl Optznl Fara man

The ¢ pplugfgx'aziuq ta-u:i.ts of the noécl farm using 1986 prices are given ‘
batow in table 5, to be dcyn,cr;bnd -‘Q.t the original farm plan thxgughout th.i;c

stody.
5: Ordginal |

ptimal Fam Plan

Farm Plan (Hectares)

Iaitial Pare Plan Year 1 Year 2 Yesr 3

Wheat 170 ————y. Beans 170 —— 5 Wheat 170 — ..o Whoat 170
Barley 140 ——ices Boans 140 s Wheat 140 — ., Wheat 140
Beang 50 sy Wheat 50 o bt Wheat 19 e ey Wheat 19

. Clovir Past 31 -wvalunt«r Past 31

Clover Pasture 370 ———sWheat 180 - o Boang 180 — . -~ Wheat 180
~3 Volunteer Past 190 —Volunteer Past 140 .. Volunteer Past-104
Clover Pagt 86 .. Volunteer Past F6

Pwe Numbers (ewes)*
2000 1341 1211 0964

* The model choze apring lambing instead of the traditional practise of autvmn
lambing.

6.1.1 Yesar One of Farm Plan
The init!ai plants 170 hectares of vheat stubble and 140 hectares of barley
stubble were first planted to beans and then to wheat in the following two
yaars, whereas the 50 hectares of besan stubble were firstly planted to wheat and
then Zollowed by a wheat/clover pasture mix and subseguently a wheat/voluntesr

pasture mix .n the final year of ths farm plan, The 370 hectares of clover



-
k f-.-z,'ﬁ;
putnre we:¢ mnt: asadc for whmt zmd voltmtut puturc m the ﬂtﬂ: year,
: foilwod by Btm ¥ volmtnat paszum ana ¢laver pasture in the smecond yea: amz, g
m thc timi ym a vheat/vomnt«exf pa-tuza mx. mm mant t:hat: 230 xmctarn

| of whut, 316 hactaras cz bemu .;nd 190 hectaras of paatm wtn gtm in the k

' ﬂ.ut ynaz of thu farm phm mis c:op/pastm ebnbinaeion .:esuxmd in 1341
cwaa bulng zan over the whole faru, & uduce:lm o£~“ 659 ﬁx;om 1ast yaars nunbct- ‘
and an 1m:tun ;m cxoppinq atu f.m 360 hccta:u to 540 hnctant, tha :.l.u:gat'
~'£ncraau occurying in bean actaago. Abount 2& tonnes oi: hay wexe fed out to tha
ah«p 1n {the pntwd 1até october to mm Dncubcr, ﬁnmung 7 awcsr per hectare ot‘

v aamtm:t £o ba caryied, Althcugh this !ign:c 48 high conpamd to actuax f.m
practices it u not bayond axpectations and rapreaont: t.he ecanomic use of
stubbles, ,m;._v‘;:cma panture production (50 percent greater growth than volunteer

pasture) and purchased hay.

“Income {8 derived from the Qu& of 516 tonnes of wheat, 527 tonnes of
bo‘nhg, 10,068 kge of wool clip, 322 cast for age ewes, 965 lambs ‘arid any
accumulated intersst on proceedes of capital derived from sheep sales. Once
variable production costs are deducted, total grose margin awounted to $103,479,

Following the deduction of allowable tax deductable items amcunting to $64,819,
tax was paid on a net income of $38,660. This amount, fixed costs and living
expanses of $20,000 meant a nat operating surplus of 59,921 rasulted after the
first years farming. This money represents the farmers profit and isa reinvested

into the farm or placed into interest bearing investments.

In comparison, the initial farm plan (paddock history) generated a total
gross margin of $89,672, meaning tax was paid on $24,853, ylelding a net
operating surplus of $-530., fThat is, living expenses would have dropped by $530

to break aven, assuming no off-farm income was generated. This comparison
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hlﬁlﬂiglitii the Mlé f‘faaw'ar in choosing the dbﬂnill farm plan quc:i‘mc. of its

’ : cgpahﬁ.luy g:o 1ogtcauy and oquﬂt}.voly canmida: nars 1n£dme1om thau other
5 ’man» o% tamz pzming. This mg!ez has not aonsidnua nubjcets.vsty {zisk}, :uch

‘as tha- gnimuty of saasonal wvariations.

8.1.7 Year two of fara plaa

In the second year of the plan & total of 329 hectares of wheat, 104
hgct&t-i of @&uﬂtﬁﬂt ‘pa?tﬂtt, 117 hectares of clover pasture and 180 hectares
of bc,aﬁn wére'gmm. This represents a drop in cropping acreage from the first
years high of 540 to 509 hectares; still a major increase on the initial farm
plans cropped area of 360 hectares. Bdcause volunteer pasture on improved
pasture paddocks produce 50’ percent more feed than volunteer pasturs without
this history »6: improved pasture following crops, pasture area increased from
the first year low of 190 to 221 hectares. However, less fead was produced in
total, requiring 81 tonnas of hay to be purchased. This allowed 1211 swes to be
carried, & decresagze of 130 from the first year. The carrying capacity of 5.5

eyes per hectare vas naintained.

In the second year, the net cumulative ¢perating surpluz was §$21,249,

giving a net operating surplus for the second ysars operations of $11,328.

6.1.3 PFinal year of farm plian
Yor the final year of the plan 613 hactares were cropped to wheat and 117
hectares were under volratear pasture with a clover pasture history (giving high
feed valuss). This allowsd 964 ewes to be carried, significantly fewer than the
pravious year, giving a carrving capacity of 8.2 ewes per hectare. This high
carrying capacity was maintained.ly both the stubbles and pasture production and
the 54 tonnes of purchased hay. Because the cropping program has been

u,igniticantlv increased, 13 hours of labour was purchased to make up the deficit
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in owner/ocperator labour avsilability. Cumulative net operating surplus

_amounted to $47,440 in the final year of the farn plan,

If the planning period was sxtended amtha?;om or two years, crop acreaga,
in the third year would possilly be less than that reported above. This
depends on the 1nf1ner‘xce of int:relationships a‘hd ’phd&ccsk history over the
lenger time period. An sstimate of the level f this influence has not been
included as tem&nai conditiong in the three year planning model of this

study {sce ssction 3 for a discussion on length of plamning horizoms).
6.2 Summary of Originsl Optimal Farm Plan
¥igure 1 below provides a summary of table 5 above, showing the percaentage

ares of each enterpriss, hay reguirementa per ewe and the annual cash surpius

_ for thres years of the farm plan.

rPigure 1: Summary -~ Entezprise Area (%)*

Initial) farm plan Year 1 Year 2

Hay/Ewe (kg) 24,5 67.2 66.6
Anngal Cash

surplus $

$~530 $5920 $11329 $26190

* WHT - area sown to wheat; BAR - area gown to barley; Bean - area sowr. to
beans; CLOV - area sown to sub-¢clover pasture and VOL - area of volunteer
pasture.

In summary, annual surplus increased from $-530 in the initisl ferm plan to

$26,910 in the third year of the optimal farm plan. A major trend of incrsased

cropping and raduced sheep numbara has occurrad on this farm. This is despite
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low grain srices (ie‘afﬁj}f of 'é.;jmn., #i&g $135 and gi?o.;yfox wheat, barley, grain
3 ugmas {p’é@/b@ghﬁ} ;isci: c:.:(;;a,edfa, ,r;latiﬁg'-ﬁo previcus y&am prices, and
mprovaa wool prigﬁjfx.,ef]s‘.asés/kixog#m compared to past yescs. Although prefit
margiﬁt k‘!’mv& iﬂé‘rﬁé&a in the shesp ‘mttfpriu;; they ‘w:‘&kﬁbt‘ largs enough to
wutm:i a dscrease in the initiel cropping ares. In addition, the inéraane in
eropping area 'a&s‘ nxsé attributable t,& néw ﬁraak crop technologies giving hiqhqz
- c,a:éal yields ‘and ;xnpr‘ovﬁ‘ gross mﬁgm- over the planning period. Though ; |
plannirg initi‘aily consisted of fradit:}.oﬁil paddock rotations, it is tirning
into # whole farm plan a8 extending the time horizen reducea the impo:;:‘am;e of &

- paddock’s history in future years.

6.3 Major Features of the Farm Plan

6.3.1 Wheat Belgcted as Mein Enterprise

Wheat wis selected as the main enterprise becsust the high gross margin
attributed to wheat was maintained over the three years undor study due to the
improved ylelds encouraged by break crops. Beans were the major break crop used
because of combined high bean returns and the significant yield lift given %o
next years wheat crops. Consequently, the optimal farm plan {table 5) shows two
to three consecutive wheat crops following a bean ¢rop, this cropping regime
meant nitrogen fertilizer was applied at 20 kg and 40 kg/hectare, givan two or
thrae years of consecutive wheat cropping respectively, to replace the nitrate
remo 'ad from soils due to continuous careal c¢ropping. Bacsuse the planning
horizun including paddock history only covers four years, it is difficult to

determine whether consecutive wheat plantings would continue.
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mn nodux Ttun ul«:e-d & wheat/boan cropping pattern Jlupplmmtcd with
apputd nitmqm. m:u appronch is in canﬁraah to thc traditional practzc- of
farmers in the area who qrw bar!.oy and often fallow in addition to growxug
- wheat, Thy amin.t pian rejects these options because bar:uy gron mg:lns an
 §nfsrior to those of whest, snd the profits forgone in the fallow year sre not

recoiiped in the r:ouwin'g. cropping yaaxs.
6.3.2 Tradition Rotatiom Nethod mot uss to Salect Eaterprise Nix

The common practice in South Australiian w’:tr,ou/-hn# farming is for
crop/pasture selection to follow a well established zotetion pattern. The ley
farming system established over the last thraee to four decides has acted as a
buffer to farmers incomes against weather vagarities and major movenents in
crop/iivestock price relativities. The riskiness attached to farming vas
subgequently reduced. Rezulte in this study suggest profits can be incressed by
not maintaining traditional rotation patterns at least within the wodsls
planning horizon. This can be achieved by altering annual farm plans to reflect
changing cermodity prices and resource costs, and by incorporating the latest
agronomic technology available (break-crops to manage soil born diseases for
example) into present farm practices. In effect, enterprises are selectad after
balancing economic considerations against agronomic technology and paddock

cropping/ pasture history.

Though this study does not explicitly incorporate the riskiness of farming
into the model) farm, due to the high associated computing expenses, the
conclusions are still valid. PEnterprise selection is still best determined by
considering all relovant factors (new and past) at the point of decision making,

not necessarily by following a past rotational pattern. The inclusion of risk



oy 3

wonld sae he mpread ro: entexprise mix increazs, dspending on the degree of risk
each dscision maker i# prepared to carry. Some indication of riskiness of the
optisal fare plan 43 given in section 7.5, where major price wvariations and

thelir impact on enterprise mix are summarized.
6.3.3 o Supplementary Fsediny of Sheep Suggeste Under-Stocking

¥ith cropping arass increasing, total ewe numbezs ‘dacl:h;'dd and over the
thyee vears studied, the aversge ewe carrying capscity per pasture area was
around 25 percent higher then the initial stocking rate. 'men rates occurrad
because as shown 4n diagram 6 the hay fead per ewe rose to 67.0 kg per ewe.
Results indicate then that even at a hay price of $80/tonne it is profitable to
supplesent paddock feed with hay, to maximise stocking rates. These stocking
races also depend on the guantity and quality of stubble feed available after
harvest. In ail examples, supplementary feeding was part of the optimal plan,

4ndicating that no such feeding of shoep suggests under-stocking.

Though traditional practise i{s sutumn lambing, the optimal farm plan
praferrad sprivg lasbing., This result wae expected ag improved foed quality and
availability resulted in & higher lambing percentage, making spring lambing more

profitable.
6.3.4 Pusturs snd Cropping Aren Becomss Ssgregated COver Time

The assumption that the first volunteer pasture following a mown clover
generates 1.5 times the dry matter production of the initial sown clover is
erucial ¢o the sslection of pasture areas in the farm plan. This assumption

caug from local farmer observation. The model uses the sown clover pasturs
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= .uﬁttp:hq "8 & :pntm regendérator rather than a bresk crop for wheat

prod:vtion, which is contrary practise to the traditional farm practice. The
m@tt indicate that vhen wheat is ‘i';lﬂu aain cizct,l c’:qp chosen, a grain leguae
break ‘érop (beans) s preferrad over a pasture legume. As seen in table 5, a
separation of the cropped area from i:ﬁu pasture area occurs, with the 1‘::1%:,151
370 hectares of clover pasturs providing 88 to 100 psrcent of the land to
pasture in future years: 0§th optimal plans generated, as comdity prices
varied, also support this conclusion (see chapter seven). Ared set aside purely :
for pasture over the p;qﬁri;nq period becane méu pronounced as sheeép enterprise

profitability improved relative to grains.
6.3.5 Paddock History is Critical to Enterprise Selection

auc_#uu the case study property was initially managed to carry sheep on
over half the farm, the optimal plan (see figure 1) is biased in the direction
of higher sheep numbexs then would occur if pastures weare not astablished.
However, if the improved pasture was infact voluntary pasture at the beginning
of the planning pericd then over the three years of planning, rieep nunbers
would average 1113 ewes on an average pasture area of 163 huctarses (6.8 swes per
hectarze) comparsd to 1172 ewes run at a carrying capacity of 6.7 ewss per
hectare in the optimal plan {see table 5). Average cropping acreiges remain
wirtually constant. The major differences in the two plans lies not in lenger
term trsnds but in the path toward these trends. For example, in the crginal
plan 310 hectavas of beans were planted in yssar c<ne compared to 170 hectares in
the »~’cenv plan under discussion. Simllarly, in the original optimal plan
volunteer pasture in the first year followed improved pasturs meaning (341 sheep
wers carried in the first year of tha plan compared to 822 shesp in the present

optimal plan. Over the three ysars though cumulative nst operating surplus in
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k‘th& mmd plan m 33463 mm, mprmnum a ‘1.3 pezcant mnn- i& m@z‘tma |
net. operatiag usplus.

e Where mofl fartility vas lov and incidunce of root disesses high, wesning
poor cezeal yls’ldai.x the optm nhn vould ﬂa’lcét k) greater area utb:wccmps G
in the first fov yearr of the planning horizon. This is suppozted by the
pumt study scenario, vhare soil fartility 18 high and root disease .tnczldmec .

_.w low, giving mlatmniy :urga tereal mu c«paxad to break crop azess.

6.3.6 Higher Auxual Cach urpius Gemerated

 plan indicates the greater profitability in grain pzoductam than in the sheep
enterprise, While the annzal cash surplus has increased to $25,190 in yaer 3,
it indicﬂt@# & 1ow 2«ﬁ percent raturn to the $1,000,000 farming asast, which iz
typtcal of farming bucinesses in genersl. This illustrates the mcunting
preassure for farrers €0 aécpt improved technologies, faraing practices and

managezent to continue to maincain viable rural husinessas.
7. SENSITIVITY ANALYSIS

To test the optimal solution’s sensitivity to a changing economic
environnent, wooi, feed and caresl prices and price relativities are varied.
Hajor changes to enterprise mix and cumulative cash surpluses are discussed in
detail in & forthcoming Departmental Technical Bulletin. What follous iz 2

brief sumpary of estimated farm plans Iin relation "0 the initial farm plan.

Grain {including grain legqumes) and wool prices were varied up and down by

20 percent from 1986 commodity prices and new farm plan solutions were obtair=i,



~ Table 6 illustretes the cumnlative cash surplua’s generated by thess farm
plans. As ahdam. the Iiutuc.ial refults are nn-itxw to large ﬂnctunuum in
cpnpodity pri,c‘« from bctnq non wiable urhm graiu prices ave dcmaud by 20
percent to & cumsulative cash surplus of $115,917 vhen both grain and wool

prices increass by 20 percent.

Table 6: Commodity Price Varistions and Associated Cuwulative Cash Surp
HOOL PRICE VARIATIONS o
_— oDy e BB $20%
+208  s108 532 $108 548 $115 917
Grain
Price BASE  $ 35 32 s 47438 $ 61 022
Varistion ‘
| -208 _$-49 785 ~$15 117 -5 3655

Pigure 2 shows move clearly the differences in the cusulative cesh surplus
comsparisons. The histograms highlight the greater sensitivity of cuomulative
cash gurplus to grain price movements than to wool price movements. This
charactaristic is also shown in the mmall pye diagrams which indicate the areas
to crop and pastures for each year of the modsl's farm plans. It shows that
cropping elvays resmains the major enterprisze and sheep the minor enterprise with
regard to land use, within the 20 percent price range shown. At & combined 20
percent zise in grain prices end a 20 percent fall in wool prices, &ll livestock
are sold, At no stage does the model return to the pasture &res or shesp numbers

of the initial fara plan.
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Figure 2: Cumulative Profit Comparison Betwsen Farm Plans At Different Commodity Prices,
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By #imulating a 20 percent rise in wool prices the wodel indicates that
sone cropping '!tu shonld be put back into pastura, with sheep nuambers

inci;mu:ng by 400 ewes, from 964 in year 3 of the original optimal plan.

However, despits this shift the total cropped area is still far in excess of the

iritial farm plon.

The ;pat.t.;ru. of enterprige nléc,t.i‘on does not alter greatly as the ccommodity
prices are varied. In all the commodity price shift solutions, the patterns of
enterprises c-asen to follow the initial wheat {170 ha) and barlsy (140 ha) did
not changa £-°s.: those of the original solution summarized in Table 5. Changes
&1d oceur with those enterprises that followed the initial sown clover (370 ha)
and to a smaller extent the inftial beans avea (50 ha). A= the relative
returna from wool increase the area of pasture increases (both scwn clover and
volunteer pasture). This occurs on the iand that had the initial sown clover

pasture, and not on the 360 hectares that had a cropping paddock history.

Figure 2 can 3180 be used to gain insight into the riskinezs of different
enterprise mixes. Farmers vho are risk adverse would spread their entexpriss
mix more evently between crep and sheep enterprises than those farmeaxg who cre
les# risk adversze. The farm plans givern in figure 2 would be very usetful for
individual fara decisicn meking, given the decision makors psrsonal choice of
price and yield J.e'«:ou for tho coming season. Even in the worst ssenerio,
regarding the ¢ropping enterprise, of a 20 percent fall in cereal prices and a
20 percent rise in wool pricex, dces the average snterprise mix bacoma $0/50
crop/pasture. &S is commonly practined on soma of the red brown soils in Seath
Austrelia. When considering risk, tarm plans conld bz updated from 50/50

crop/sheep to something approaching the 75/25 crop/sheep enterprise mix.
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'$1n§¢‘» the model's solutions show gx,mht sensitivities to grain price

~ movements, than to wool price movements, more detail is now given to these
:g‘ﬂiﬁp Figuu 3 shows the total gross marging «qégparimm from each years
plan ,!,éx;"thn' tht“: grain prices teated {+20%, fusq. =20%) while holding the wool
price stable. my‘ sunulative cnh surpius figqures are given at the bdttmi of
the diagram end the ple dlagrams at the top show the total gross margin
percentage attributed from grain end sheep tor'ﬂach‘ yeé: of the farm plan. The
two lines across the page show, firstly the level of ovaxhaaw’ costs, loan
repayments and the living coste required, and secondly the dashed line indicates
the level of tax that is reguired to be paid. The portion of the hiastogrsms that

are above the dashe& line indicate the amount of surplus cash (profit).

Pigure 3 highlights wore rleariy the sensitivity of grain price changes to
this farms business viability. 1If grain prices were to f£a3ll by 20 percent the
farming operation becomes non-viable. At the base run only the third years plan
davelops & substantial cash surplus. If grain priceas improve by 20 percent, all
ysars in the farm plian desvelop cash surpiuses of mors than 2 percent of total

fara assets.

All farm plans selected I, the model regardliese of the commodity price
fluctuations develop improved total annual gross margins compared to the initial

farm plan under 1986 commodity prices.

10. SOMMARY AND CONCLUSION

the points below relate to the case study farm in particular, though the
sumpary and conclusions are applicable to similar farms, regarding soil typse,

vields and possible crop type and sheep enterprise mixes.
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Ramlt:t :h; this ptudy mdwm that farm proﬁ.t: can be 1nczqan<i by not

" naim:aming t:a&xtional :otation patte:na. Emsrp:ise utx ahuuxd be

selactcd aftay bazancing ecanénzc cans!.deutmna against aggonbmic

technology und paddock huto:y.

The 1;111:1&1 tatm-pian could be npdaﬁ:i'd fron 50/,50' CROP/SHEEP‘ to & 75/25

CRGP/SHEEP enterprize mix for the firat y&urs far- plan, yislding an

‘1n¢raase of $10451 in operating surplua. Ovu_r: the planning horizon of

' threa years the increase in cumulative operating surplus amounts to around

$49,000 compared againat the initial farm plans negative operating surplus.

The optimal plan does not formally consider riskiness of incrsasing the
cxopping entsrprise relative to sheap, though sensitivity results suggest
the 75/25 crop/sheep enterprise mix wonld closely approximate the optimal

mix when riskiness of dilferent anterprises were congidered.

The optimal plan averaged over the three years of the planning horizon was
163 hectares of beans, 355 hactares of wheat and 212 hectarss of pasturs
carrying 1172 sheep per year. Wheat was selected as the main enterpriss,
with beans primarily used as a break-crop.

Over the three year planning period, pasture and crop area clearly become
segragated with 88 to 100 percent of annual pasture being a continruous
pasture rotation. legumous pastures were utilizer for their feed value,
not for their impact on goil fertility.

Regults suggest that the starting paddock history does have a significant
fupact on the cholce of snterprises over the planning perlod. Initial

paddock history wains in { portance as ths planning horizon incresases.
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At prosent prices for wool and ceresls, ¥ising wool prices and falling

. cersal prices, kiﬁeép are an importdnt ¢qmpéuemj-..1n the ente;r;itiga nix of

traditional cereai/shesp farms. However, us (1} cerea. prices increas~ snd
wﬁo& prices remain constant and where (2) aigﬁﬁcaht falls in wool pricés
to‘gétﬁeﬁ: with significant rises fn cereal ‘p‘nce# ‘oceur, ;Qhéep, nmbér:s*ﬂ droypx
significantly and eventually have no role in fara plans fﬁ: the cass
study. | | . o

Whereaa Qtdkarmatgin compgrinona'ﬁouidfauggésﬁ wheat hﬁ'thg:cﬁly'éi¢ﬁ‘tn
grow, this model utilizes the feed value of crops and their cehﬁi&butioﬁ to
the sheep aenterprise imd selects a combination bo‘f the crop and sheep
,nterp:iaes as the sptimal farm‘plana

thanging fae& costs have a direct impact on cereal acreages and sheep
numbars. For example, rising costs of feed initially induce 2 reduction in
both cereal acreages and shaep nunhers as moxe pa&tute land is required to
carry the gheep at a lower varrying capacity. Rising feed coste result in
lower quantities of hay being purchased. Alternativeély, falling feed coétn
induce very high stocking rates, declining pasture area and rises in the
area cropped.

In all plans where sheap were part of the enterprise m «, supplementary
fead was necessgary to maintein nmaximum stock numbers, indicating that if
ne supplementary feeding exists, the farm plan is not optimal and the farm
1s therefore understocked.

Grain price relativzties1 are important in deternining the mix of grains &as

well ag the mix of enterprises {cereal/sheep) because each crop produces

Summary and conclurion points 11 to 13 are basad on ¢xperiments not

reported in this document but in a forthcoming Departmental publication.
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‘ ,dif:uunt mmmt:t o£ tacd for :haqp aonaumptiom ?or examnple, dac:aaa.‘mg

- pean pricu eauu fantng bean acxeagn, rlslng v’hcat: acreages and falling

12.

13.

14.

15,

1A,

lhaep numbara.

"Incrnalng barley priced (10 petcant) 1nduce jncreases in barviey ac:uges

in the _qutiml farm plan, substituted in the mwe of both wheat and bean

acreages. Sheep numbers only nuq.tnauy decline,

Varying prices of a given product {whtat in particulnr) within the farm

phm.ing horizon affects the optimal enterprise mix significantiy,
indicating the need for farm mnai;bzl to constantly update their farm plans
in response to new pricing 1ﬁfom‘t1¢n_.

Different tiliage techniques were considered tinnighiﬁcant in their affect
on tinanclal putcone of the farm plans under responsible managemsnt.
Consequently, tillage plays no part in determining optimal .arme in this
study where surplus labour and machinery capacity euists.

This work vields results which are specific to farms of a given soil type
and cannot be generalized acroms South Anstralia. This highlights the need
for gimiler economic and agronomic research, as used in this study, to
cover other soil types and different production areas within South
Australia. This would give a broad picture of South Australian agriculture
and its responss to changlng economic environments particularly on
rotations and enterprise mix,

Pinanclally viable farm plang require consideration of numercus variable
economic and agronomic fartors, as does sound departnental extension
advice. A need for micuro-~computer based analytical economic/agronomic
based models and pragramss is highlighted by this atudy and the complicity

of results genarated.




- \73‘8‘—

REZ/ERENCES

BAE (1986), ‘Outleck 1986 Parm Income Nediua Term Outloo’s', Quarterly Revisw of
the Rural Econoy 8(1).

Barnett, D., Blake, B. and McCarl, B. (1982), 'Gosl Programming via
'&!ultidlﬁngionnl Scaling Applied to Sinqg&iéin Subsistence Farms', American

J_g“t_antul of :

cicultural Econowics 64(4):720-727.
Baxry, P.J. (1972), 'Asset Inviaibility and Investment Planning. 2a applicstion

¢f Linear Programming,*® Amer. J. of Agr. Econ. 54:255-260,

Barry, P.J. and Willmann, D.R. {1976}, 'A Risk-Programming Analysis of Forward

Contracting with Credit Constraints’, Amer. J. Aqr. Econ, 58:62-70.

Blyth, M.B. (1932), 'A Spatical Equilibrium linear sc¢tivity analysis of the New
South Wales Dairy Industry'. Unpublished Ph.D. thesis, University of

. Sydney.

Boehlie, J.D. and White, T.K. (1969), *aA Production Invaatment Decizion Model of

Fars Pirm Growth', Amer. J. of Agr. Econ, 51:546-563,

Boussard, J.M. (1971), 'Time Eorizons, Objective Functions, and uncertainty in a

Hultiperiod Model of Firm Growth*, Amer. J. of Agr, Pcon. 53:467-477.

Burt, O.R. (1982), 'Dynamic Programming: Has Its Day Arrived', Western Journal

of MAgricultural Fconomics 7:381-343.

Cocks, K.P. and Carter, H.0. (1968), *Micro Goal Functions and Economic

Planning', Amer. J. of Agr. Econ. 50:400-411.

Farquharson, R., Ockwell, A. and Davenport, S. (1984), 'An Assessment of the
Impact of Direct Drilling at the Farm Lavel'. Paper presented at the 28th
Annual Conference of the Australian Agricultural Economics Society,
University of Sydney.

Fimn, J.C., Jayasuriya, S. and Knight, C.G. (1580), ‘'Incorporating Multiple,

Objectivas in Planning Models of Low-Resource Farmers', Austraiian Journal

of Agricultural Economics 24(1):35-45.,



=39~

Godyn, D. and Brannan, J.P. (1984), 'An Economic Appraisal of Direct Driliing',
Agricultural Economics Bulletin 4, Depsrtment of Agriculture, N.S.W.
Hazell, P.B,R. (1971), 'A Linwsar Alternative to Quadratic and Semi-Variance

Programaing for Farm Planning Undsr Uhacertainty!,

Jmer. J. of Agr, Econ,
53:53-67.

Bazell, P.B,R. snd Scandizzo, P.L. (1974); 'Competitive Demand Structuves under
Risk in Agricuitural Linear Programming Models', American Journal of
Agricultural Economics 56(2):235-244.

Reld, L.J. and Ziak, .R.A (1982), *Farm Enterprise of Choice: Risk-Return
Tradeoffs For Cash~Crop versus Crop-Livestock Systems', North Central

‘7°“,”'?'1; of agricultural Economics 4{2):11-19,

Johnston, B.G. and Matugks, A.M. (1985), 'Simulating the ‘?&m@%ﬁu: Impect and
Payoff from the Adoption of New Crops in the Wheat-Sheep Zone of K.S.W.',

International Association for Mathematics and Computus in Simulaticn. 27,

£ Korth-Holland.

=y, Ko ;

Kingme, 0.T. and Kerridge, K.W. (1977), 'Tovards an Analytical Bame for Studying
Fars Mjustment Problems ~ A Recursive Stochastic Hodel of the Fars-Firm',

Quarterly Raview of the Agricultural Economics 30(2):91-114.

Kruase, M.A., Maynard, P., Pawcett, R. {1986). ‘Rotations key to Profits',
workshop proceedings on Stubble Handling, lower Eyrs Sofl Conservation
Board., Oct. 15, EBi-E7.

Loftsgard, L.D. &nd Beady, E.D. (1959), ‘'Application of Dynamic Programming
Models for Optimum Pzrn and Home Planas', Journal of Farm Economics 41:51-
62,

Morrison, D.A., Kingwell, R.S. and Pannell, D.J. (1984), 'Linear Prograsming
Models of Western Australian Wheatbelt Farms: Model Description’, Western

Australian Department of Agriculture, Economics and Marketing, Pexrth.



‘mgten.v G.’ih (1979), A Model for Indiom Reservation Agricultural Developsent:
The Case of the SissetonsWahpston Sioux'!, Ph.D. Dissertion, University of
Minneacta. | | |

Pearce, R.A. and Cowise, M.J. {1986}, '‘Repory on Phase 2 ©f & Reseszch Projsct on
the Economics of on-Farm Soil Congervatfon', Department of Agricultural
Economice and Busineas Management, UNE, a:umam, '

Raa, A.N. {1970), *Capital Budgsting, Intartumnl Prog:minq Medals with

Particular Reference to Agriculture’, Ayx;ptr_.uqn J».f‘pt‘ Agede, ,Manmica

14:39-49,

Robde (1985), Personsl comsunications.

Schuitz, J.B. {195). ‘'The Lacles Hotation Trisl - Effect of Rotations end
Stubbie Handling Mathods on Soil Fertility and Crop Yields', Sixth Report,
Northfield Ressarch Laboratories, Department of Agriculture, South
Australia.

Talaat, El-Nazel and McCarl, B.A. (1986), 'The Choice of Crop Rotation: A
Modeling Approach and Cage Study', American Journal of Agricultural
Econemics 68(1).

Throsby, C. (1967), 'Stationary-State Solutions in Multiperiod Linear
Programaing Problems®, Australisn Journal of Agricultural Eccuomics 11:192-
198,

Trengove, G. (1986), 'The outlook for S.A. cersal farms', Faraing Forum 14(4),
3-5.

Vandaputte, J.M. and Baker, C.B. {1970}, 'Specifying the Allocation of Incone
Among Taxes, Consumption and Savings in Linear Programming Models!®,
Anerican Journal of Agricultural Fconmomics 52, 521-527.

Wicks, J.A. and Guise, J.W.B., (1978), ‘An Alternative Solution to Linear

Programming Problems with Stoehastic Input~Output Coefficients', Australian

Journal of ‘E’rieultural Economics 22{1):22-40,



; Y ;

‘Row_nane ,  Comaent

: cmav;w . ) 2vailable farmer cash
: ) TR Yotel farm ares
g ,ma plmecd ‘to wheat
oA . " barley
PEARER * o * peas
VPAREA - b # yoluntosr pasture
MERREA b » * padic/clover putm:c
BEAREA L - * beans
FARRA . » " . fallow
OSAREA ; " b " oilseed rape
WrLYR ¢ T-ut yuz’n whest arsa
BALYR *  -wheat arsa
PEZLYR o ‘ - bt pegs arsa :
VPLYR LA voluntesr pasturs atu :
MPLYR - e nedic/clover putm srea
BELYR - b been srsa B
FALER " b fallow arsa
OSLYR " " oileeed rape area
PRODWT : Whest production
PRODBA Barley prodaction
PRODPE Peag production
PRODBE EBeans production
‘PRODOS Otixaed rape production
P1 Feed -~ P9 Yaed Nine periode of fead mvauch!.nty and uze
Confeed Cincentrate fead ,
TRACHR Pours of tractox use
CULTER " " cultivator *
WIDEHR » % wideline "
HAROHR " * harrow »
SPRAHR " " . spray boom %
SOMGHR " * combine »
HEADHR d % header »
TRACHO Huamber of, tractors
BULTRO " cultivators
WIDEKO " * wide 14 as
HARDONO o ®  harzrovs
SPRANO - * spray booms
SOWGHO » » combines
HERDNO " " headers
NITROGENW Hitrogen application rate
WOOLREC Wool reconciliation
MUTORREC Mutton .
LAMBREC lamb b
EWIREC Autusn lamb ewe zTeconciliation
EW2REC Spring » " "
WETHREC Wether ™ bl "
HAYREC Hay w m "
LABOUR labour requirements
MACHSS Machinery expsnditure
ODRAFT Overdraft finance
‘GROSMARG Unit costs/returns
TAXY Taxable income
TRXEQ Tax equality
DISHY Disposable income
TAXCOR Hegative income taration
NETAXY Net Taxable income

REVEX Objective function
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os
Sellwt
SellBa
SellPs
SeliBe
Sallts
Buynitro
Faed 12 .., Fosd 9-1
Ewis

Ew28
Buyewls
Buysw2s
SellawlS
Sellew2s
Sell wool
Selmuton
Ssllamb

" Buy Hay % - Buy Hay 9
Buycen
Buylabour
Buytrac
Buycul
Buywid
BuyHar
BaySpr
Buysow
BayHad
Sell trac ~ Sall Bed
CDRAFT
CASH
ENDIRSS
METPAXY
TAXYNE
TAXO~TAX4
PINCASH

R B AR R R

Comment

¥heat ares planted
barley * .
pean = -
Voluntary Pasture area planted
Nadie/Clover Pasture ares plant-d
Bean area planted
Zullow arss planted
Oiiseed/raps #rés planited
Whest planted on whmt utnbbu
Barilgy ™ -
?‘ﬂ‘ w w * "
Yoluntaer Pasture planted on whsat stubbls
Tallow o5 medic/clover pEstury :
Total Wheat ares plantsd
. barley ares plented
Qotal pax ares plented
woluontary pasture ares planted
medic/clovar pasture arca planted
bean ar¢a planted
fallow args planted
ofilsesd ares planted
el vheat production
barisy *
poa i
e !
»

® @ ﬂr? E R -2 B B

Paan
" oilssed
Puy nitrogen
Peed transfer activities over 9 pericds
Running Ewves - Autuan lambing
Running Ewes - Spring lawbing
Buy Autumn lambing twon
* Spring ¢
Sel1 Autumn @ -
Sell Spring bl
Be11 wool
Sell motton
Seil lamdbs
Hay purchasses by period
Buy feed concentrates
Hire iabour
Buy tractor
cultivator
wideline
harrow
spray boom
combine
header
Seiling the above farm machinary
Cverdraft financs used
Cash ussd
Bd year gross margin
et taxable income
Negative income taxation
Taxation brackets
Final disposable income net of taxation overheads
and iiving expenses.
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