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AIJSTI~ACT 

Thl~ viability of irrigated ttgriculturc in the Munay Valley is threatened by water.loggi.ng mld 
salinisation induced by rising wmcrtables. Ily limiting net rcdHttge tO the watcrtnble, wmcrmblc 
rise can be prevented nnd the risk of watcrtublc·induccd environmental damage cun be 
minimised. 

Primary fnctors affecting the rate of net recharge to the wmenablc on ~t fimn hltlndc; cropphn;~ 
pattern as detennincd by soil type. and funner preferences, intensity of irrigation, depth to the 
watertablc, and leakage to deeper aquifers. Among these varhtbles, the depth to the wntcrtable 
and leakage rates arc difficult to uhcr, whercus land use and intensity of' irrigation c~trt be 
managed such that net recharge is mnintaincd at or below zero. Such clurngcs in landnsc tmd 
inigation mutmgcment. must give maximum profits if the fam1 is to rcmairl viable. 

To detenninc the optimalimenshy of hrigmion arKll:~ndusc which gfvc mnximum fin~mcial 
returns to the nmncr while maintaining net recharge and soil :mlinis~nion at zero. n non .. nncnr 
progn.tmming model - SWAG~1AN Fnnn. was_ developed~ SWAOMAN l;arm· was used to 
study the effect of leakage. i.oitiul depth to the watcrtable. ilrld hmdusc restrictions 011 total :gross 
margin received and·Optitnallntensity ofirrig,uion. 



I INTRODUCTIDN 

In irrigation areas and districts of the Murray Valley of New South Wales, agricultural 
enterprises vary from farm to fann. However, nearl¥ allfanns face two environmental 
problems; waterlogging and salinisntion~ The primacy factor ccmtrolling these two 
environmemalconcerns is the depth to watenable below the soil surface. D.epth to watertable is 
governed by the net recharge to the watertable :.nn:Hmeral groundwater.movements. Therefore, 
by managing net recharge to the watenable, the hazards ofwnterloggingand saUnisationcanhe 
minimist~d. Such a strategy should also result in maximum economic remm to the farmer. 

In order to detennine on .. fnnn land use practices and intensities of irrigation which produce an 
optimum result (rnaximum economic returns. zero net .recharge, and zero gain of salt in the 
rootzone),.an optimisation model, SWAG MAN Fann, was developed. The n1odel takes into 
account distribution of soils within the fam1, potential land uses, crop evaporative requirements, 
current irrigation practices, leaching requirement~ annual rainfall, rainfall nmoff, leakage to 
deeper aquifers, depth to watertable, capillary upflow from shalJow watertuble, salt 
concentration of irrigation wmer~ groundwuter, and rainwater, and the economic returns from 
potential land uses. 

2 ~IODEL DESCRIPTION 

The objective of SWAGMAN Fann, subject to recharge nnd salinity consu·aims. is to .mnximise 
total gross margin per farm, ie., 

TGM = :EcLsGMLtl'c -IRRNc.s * WATPRICE 

where, 
TGM 
GML\V 
IRRN 
WATPRlCE 
c 
s 

Total gross margin ($) 
Gross margin of a land use Jess cost of irrigation water ($ ha"1

) 

Irrigation in use (ML ha·1) 

Price of water ($ MI.:t) 
Lund uses considered in a fann 
Soil types in a farm. 

(l) 

Soil types considered in the model were: clay (CLA Y)1 loam (LOAM), and·s~ndy loam 
(SLOAM). Land uses (C) considered in the model were: rice (RICE), soybeans(SOYB), 
maize (MAIZE), lucerne (LUCERNE), hay lucerne (HLUCERNE)~ fababean$ {HABA), cnnola 
with 4 ML irrigation (CANOLA 1 ), canol a with 1.5 ML irtigation (CA:NQLA2), wheat with 
4.MLinigation (WHEATl),wheat with 1.5 ML irrigation (WHEAT2)~barleywith3 ML 
irrigation (BARLBYJ), barley with 1.5 ML .irrigmion (BARLEY2)? annual pasture 
(APASTURE),. perennial pasture (PPASTURE), dry land wheat{OWFlEAT), dry land canola 
(DCANOLA), and dry land annual pasture (DAPASTURE). 

The objective function was solved using.a non~line~progrnmming solver, GAMS,.:MINOS 
(Brooke et.al., 1988), subjectto the. following constrai!lts~ 



lJ Area constraint~ within<th¢.nn)del· 

• SOYB, MAIZE, LUCRRNE, CANOLAl ~ \VHUA 1"1, UARL:EYl) .and !?PASTURE 
were not to be grown on clny soils. 

• Land uses on tl particular soil lypt~ cannot exceed ~<ltt~larea·of(he soil type .. 
• Area of a land use cannol exceed maxhnum allowable area(PMXA). The n·m .. ~.imunl 

limit was set to reflect rcnl world considerations suoh as etuerprise. diversification. 
crop romtions, market demm1d, and restrictions set by natural resource managers. 

• ArcH of n land usc must be grcmcrthnn Jllinimum .required area (PI\·1NA). 
• ~1inimum area of any land use (other th:m FALLO\V ) sel~ected by lhe.model must 

be greater than 10 ha to avoid inclusion of' an inefficient ttrea.of a land us~. 

2.2 Salinity COI\Straint~withintbc model 

• Salt was assumed to be brought into the rootznne by irrigation(O.l2 dSnf1), rqin 
(0.0001 dS nf1 )~ tu1d minimmu rates of c:ipillary upflow from the static watertttble 
(concentration of groundwater). 

• The total muss of snh brought into the rootzone by irr~gation and ru.itlf:tll1 and snlt 
brought to the soil surface by cnpillnry up flow t was required to be temosred: by 
tet\ching and run oft: resulting in zero salt gain on the tatnl. 

• The model required that snit brought into the root zone by irrigation waterl'.)e 
removed by leaching. Therefore, pan of the irrigation water W~ts requit:cdto leach 
the irrlgution borne salts. This leaching requirement was d.etenninedfrom the 
equation below. The leaching. water will recharge the wa(ermb1e, which o~ght to 
dissipate by leakage or capillary upt1ow. We assumed that the concenttntion.orsalt 
in leaching water was 2 dS m·•. 

LREQ = CJRRN * IRRN I CD lVATER 
where, 

(2} 

• 

2.3 

• 

LREQ 
CIRRN 
IRRN 
CDWAT:ER 

Leaching requirement~ ML 
Salt .concentration in irrigation water, dS m~1 

Irrigation amount, ML 
Salt concentration of leuche4 water, dS m~t. 

Salt brought to tba. soil surface due to capillary up flow w~s ·req.uiredJo be;remo:ved 
by n\infall runoff. Salt at the surface was assumed to be.th¢: productofc~pjltaty 
up flow and. groundwater salinity. The upper concentta.t\on lhnitof St1ltin:runoff 
water was set at 15 dS m·• 1 This is consistent with data. collected· in northern 
Victoria. 

Net recharge co~str~ints witbin.thcmQt:l~l 

Net:.r!chnrge .to. the·wntertabled~pencis··on.recharge.mcchan~sms (iffigation and 
rainfall inexcess.·.of .a~tual·evapotr~spjrmion}.~ntf:dlsc~a,rg~ ·nleqbanisms·(ca,pjllacy 
upflow.andJealca~~todeeper ~qldfers) .. The net :recharge Wf!S.~quiredttr~'AA\ltll 
to. zero~ It w~s detennined 1,1siqg the''.equati6ns: :belQWi · 



JUtCJIAJU)B ~ b JiRBAt:,$ ·~·J.lUlN <:.&.' + AIU1Ac "'GRAIN c ,, .. ARftAc.l' "A£!1(:,t {3)-
<:~~· 

N!i:1WJ$CIIAROI! ~ Rl~CHAROl£ ·•· DJSCliARCJ/1 (5) 
where, 

GRAIN 
Al!T 
llRAIN 
'fAIU!A 
Af<J~A.t,~ 
LEAKAGE 
CUI~bOYv 

Rni.nfnH dnring·gn;>wJngscnson ofhmduseC(Ml .. lm'1} 

ACl\Hti ovop<)n~tion use: by lnnd usc C (Ml:.. h~f 1 ) 
Rtdl\fnll during bart~ scnstm nf tnnd usc C (MJ .. 1Hf1

) 

Tc:>U\ l.nrou .of fnrm (ba) 
Aron <,f lund usc Con soil S (ha) 
L.enkngc fhnnwatert:tblc t(lde<:.~par aquifers (Mt. ha'1) 

Cnpilhtry ltpflow <Mt .. hn' 1) 

3 ~10UI£L I,ARAMI~TI~RS 

3.1 l~stimaUng 1i1hlinunn canillary upflow from n stntic. watcrtable 

Minimum mt.cs ()f capillary up flow rrom n static wutertnblc at I and 1.5 mdepth$tU1dcr n b~tre 
soil (CUI~LOWl ,..,,ere dctcnnincd using a numcricrll tnodcl, HYl)RUS (Koot at\d V4\0 
Genuchtcn, 1991 ). Capillary ttpf1nw mtcs for depths iu exc(~Ss <)f 1.5 tn were cst:hmues ()Illy. 

Minimtun capillnry \tpf1ow rates der.cnnincd for Rivcrina cluy, Mm1diwa clay loam~ 'llld 
Han wood loam were considered us the capillary uptlQw rams for cloy, lo~tm; and ·Silndy loam 
(Pruthapar and Madden, 1995). 

3.2 l~srimating ndunl el'UJ>OnHhm (AET} 

Initially, monthly reference evapcu:mion (RliT) values were used to estimate Rl3Tdoring the 
growing sea!lon of individual crops (Meyer, 1995). The RBT value of cnuh crop wn.s multiplied 
by R seasomtlly weighted crop factor to Qbt:tin seasonal croJ) cvnt>orndve demt\nd>(Gl!T), 1~11¢. 
assumed ~crop factor' for a hare perkxf during nventge rain taU yeut's was O.lL f'rhi.s '<.ltOil 
factor' is considered adequate for summer month~ bill tmly be too low for the witHer pcdotL A 
better estimate is required to rcf1cct the winter bare-period crO(l fttctor. 

Actual evapotmnspirati(m (AliT) wasdctcnnincd by rnuhiplying the.CE1" by~\ corre4tionfnc(or 
(PDFAcr). This was to account for inigatkm management as well as soH.watcrdetl¢it;.tUtd 
wns detemJined with the equation: 

PDP ACT= 0~8-0.7*(CET -l\'t\VA/1;..) I CET (6) 

]1le actual ?vnpotranspintdon values .a~d estimates· ~freclmr~e·.·f9~ih¢>l~mcl ~Stf$ ,atQ';yt¢s¢nh!q,,;fn• 
T;tble l. Ncgt\tive Yttlues·:ofre~l•urge :impb' w~tci;cmovh)g.troJtrth~ w"tertuoJe;Jo'~P~el 
ev(lporUtlve re(]\lircn1CI1t.«i· of the' lttndi.IS~l. 



Land: use 
RICE Clay 
RlCELoam 
~ICES loam 
SOYB 
MAIZE 
LUCERNE 
HLUCERNE 
F'ABA 
CANOLAl 
CANOLA2 
WHEAT I 
WHcAT2 
BARLEYl 
B.ARLEY2 
APASTURE 
PPASTURE 
DWHENT 
DCANOLA 
DAPASTURe 

.....f!\LLOW 

3.3 R~present41tivc far.ms 

tW3 
1203 
1.20:~ 
689 
58.1 

1188 
t ISS 
404 
461 
287 
474 
287 
392 
277 
416 

1115 
172 
172 
158 
2.10 

193 
493 
893 
:385 
486 
259 
2S9 
so 

115 
40 

110 
40 
85 
38 

187 
356 
-7 
-7 

7 
• 110 

Six .representative fanns. in the Murray Vulley were consideted for investigation. Charolcteristics 
ofthe six farms are summarised in Table 2, 

F'~rm 
JDt 
WKD 
WKR 
WKP 
PNE 
DNW 
BQR 

l'able.2. Characteristics of.representativefarms 

Farm Area Clay uttm su.am GlV 
Number (ha) (ha) {hal (ha) Salinitf 

1 200 50 roo 50 5 
2 550 500 50 40 
3 500 350 100 50 15 
4 460 92 368 10 
s 1000 750 2$0 20 
6 :284 16() 1:24. 3 

t.iWT 
. fm) 

t 
4 
3 
4 
7 
3 

lWKD: Wakool dah:yfarrn: WKR:. WakootrlceiWru; Wl<:P~ \VtU;oolroixed~pastnre'farm; DNE:DenQm~in 
~s:t:mixcdfann;DNWt Dencmein Westmixcd farm; BQR: Berlquinnccrann~ 
1 Groundwater satin it)' in dS ·nf•. 



4 MAJORDET;ERNtlNANTfSQ}1~ THE MODEL 

Since the objectivc:.of the n1odel is to nuLximise gross ntargins-while consb;~iningnet·r~harg~l(j 
zero, the m(.ldel wi 11 initially choose thnthmd us1; which gives. tllt~ximurn gro~s nmr&in.:JJCI: Utlitof 
recharge, Therefor~ th~'Prifl1ttf)'·detenuinant will' be ·the recharge ~fticienpy.ratio::(RER)~ We 
define recharge efficiency rati<>as-the ratio between gros~ mtu;gill~ng,recharge.for.tt Janduse. 
Tn geneml, OCI\NOI:..A~ {)WHEAT, CANOLA2, andDAPASUJRE,.Dresulrin.higher:gross 
margins per .ML of recharge than the other land. uses 

Anotherimponnnt .controlling factor i.s the rmioofgtoss margin Jo actualevnporation, which 
willidcruify land uses that result in maximum gross rnargb1 per t1nit of w~ter used: by .lh~. crop. 
The.ref'ore the secondary determinant will be the evapommsplnnion effioien(}y nttio (EER)~ \Ve: 
definec.vapotmuspimtion efficiency ratio as the gross margin per MI""of acnml 
evapotranspiration. In general, DCANOLA, CANOLA2, :MAIZE, and Al?ASTt.JRE ... O<result in 
the highest gross mnrgins per ML of recharge. 

Tltble 3. The recharge: efficien~y ratio (llER) and C\'ap<:»h·an~pirutioll ctTicieu(!y ratio 
(EER) of land uscsduriug.unaverag¢ year · 

DCANOLA 
DWI-IEA'T 
DAPASTURE,.D 
CANOLA2 
DAPASTURE-~:t 
FABA 
t;UCERNE~D 
HLUCERNE 
CAN()LAI 
WHEAn 
APASTURE·D 
SARLEYI 
f{If.!E~Clay 
PPASTURE;,D 
SOYBEAN 
WHEATl 
BARLEY2 
MAIZE 
LUCS{NE.M 
RICE4;.oam 
APAS'TURE-,M 
RICE•SL.oam 
PPASJlJRE·M 
EALt..OW 

-2759· 
·1'218 

1173 
()73 
461 
339 
308 
288 
283 
282 
226 
194 
l75 
171 
146 
136 
118 
ll7 
.114 
100 
68 
5.1 
36 
0 

1 A:ru~gative value indicat~sdischargc 

Land Use 
DCANOLA 
APASTURE~D 
MAJZE. 
CAN0LA2 
SOY:.B 
CANOLAl 
r.:ucERNs .. o 
FABA 
Ht.UCERNE 
PP~STURE·D 
DAPAS'FURJ3.,D 
DWHENr 
RlCE,Cl.ay 
.BARLBYl 
RlCE·Loam 
WHEAT2 
RICE .. SLoam 
WHEATl 
APAS'flJRE .. M 
LUCERNB .. M 
DAPASTURE-.M 
B.ARLE¥2 
P.PASTURE ·M 
F4[LQ\V 

EER ($ .. 'mrtf'1) 

llS 
101 
91 
93 
81 
70 
67 
67 
63 
54 
53 
51 
43 
42 
41 
39 
37 
31 
30 
25 
21 
t6 
12 
0 

These tW<> sets ofcoefficients.are .the· majoraetennin~nts of the .. m()Qel. :However, :d1eJinal 
~result5 ofindivipualruns willttlso ·depen4 on ~specific.f~iltures an~tcons~ints.attrih4ted.:ttl 
inqividuat:frums •. 'Gt!nenu{y,.irtig~ted:crops•ha,ve.,hi~ll~~~~vapotranspi~ijop:ef~cienc.Y·t~tiQs•®tl 
hi~her.gross mtP"gins.tban dryl;tnd crqps .. This will result imtbe:.selection,:.ofin1gat~d~rops over 
dry land crops, .. provid.eti'll!.ch~ge·is·not· .limiting. 



5 SENSlTl\HTY ANA'I~YSJS 

11te model was used ttl determine the sensitivity of leakage to deeper aquifers, depthtothe 
wntertt\ble and n1inhnum rice areas on selected H1n11S. 

5.1 Leakage 

TI1e model was used to evaluate the sensitivity of leakage rates on gross. margins and optimal 
inten~ity of irrigation onFanns l.Zl and 3. The leakage rates used arc· 0.1, Ol 1* 0.25, and 
0.4 ~fL ha"1 yr"1

• ~nm results arc presented in ·ruble 4. 

Table4. Leakage sensitivity results 

RUN Leakage n\\'T Min·Ricc 'fGM GM \VRi<~Q \VRF.:Q 
NO. mmyr·• m At'C1lhll. $ $·~~~· l\l~ yr·• :1\u.~a~• 

.1 -0.1 33652 168 277 1.39 
2 o.o 37348 187 320 1.60 
3 0.1 41044 205 364 L82 
4 0.25 46587 233 430 2.15 
s 0.4 1 51737 259 492 2.46 
6 -0.1 4 lNFEASll3LE 
7 0.0 4 51546 94 0 0.00 
8 0.1 4 70901 129 184 0.33 
9 0.25 4 96678 176 541 0.98 
10 0.4 4 119183 217 939 1.71 
ll -0.1 3 INFEASIBLE 
12 0.0 3 60()31 121 103 0.21 
13 0.1 3 76960 154 309 0;62 
14 0.25 1 95688 191 586 1.17 
15 0.4 3 105816 212 83.6 U57 

Forfarrn 1, all five runs gave feasible solutions. Optimnl inigation intensity incre~~d:from 1.39 
MLna·l (leak~ge·:::: -0~1 ML ha~1 yr·1) to 2A6 ML na·' (leaka,ge :;:Q.4.Mb:ha~1 yr,·1)~ Thempp~r 
bbtlllds set for Juceme and hay luceme were reached in all n~ns. This reflects high-r~tums 
obtainable for 1uceme on dairy fam1s. As the leakage increased, dty la.tldannuatpasnire ·was 
sub$tituted .by irrigated pasture. 

For fann 2 when there was upward leakage it was. not feasible to .me,et salinity :and.teQh~~~ 
constraints. Thisfannhad a deep watertaf?le (DWT =4);and. sojhe,ppp~rtuti'ityto:di$¢p~ge 
water·lnthe. fom1 ·ofcapillary .upflow was notavailable .. Four other scen~o$ {le~~ge~:~ater 
tltan oregual·to :zero) gavefeasible solutions. Optimal irrigation intensity lncre:.ts~·fu:nuo~oo 
.ML,.ha;-1 (leakage =0 ML luf1 yr"1

) to 1. 71 ML .ha~1 (leakage = 0:~ Mb ha:t yr·1)~ :m.G~NOLA 
t\nd IJ\VliEAT wer(! the prefen~ed crQps onlhisfarrn~. As.tl1~)e~R~geincreas(!d,,~et\.uoder 
fallow was ... converte4 to·•irng~ted crops ... (FABA ar1d,~~UCE&~) .. At~olrgl~·this,(annwa~ 
d(!signated' .. a rice . .fann, because.of.·ih(! ;presence of!highly ·saline:;(ltQ,d$:m"• :)grQUilQW~t(!f:Cif 4, .m 
depth the model did nots~lect RICE. 



For fnnn 3 when there was ttpWttrd lellkage it w;1s ngai n notfcn~ible .to meet:'thC, St\lhtity 'ilt1d 
recharge C<>nstrttinHit Seventy percenJorthc ftmn·ha~M~lny, itnd thQd¢pthtowntetHtbl~:isB J11, 
~rheret'bre, discharge in the fonnof cupillttry upflow is minittinl. ·Sttoh·ntte.s were innde!JU(ltc to 
meet tll(! upwnrd leakage.. Fensihle sohttiorts wetet1bWined tor nms wjth zero l¢ttkHgQ:Ond 
positive lcnknge. Opthunl irrigntimlintcnsHy incrcasedfrom 0.21 ML, ha"1 (lcakn~AA == Q.N'Jbhn"1 

yr'') to l ;67 Ml~ hn'1 (ltmkage ~ 0.4 ML hn~' y{1 
). With an incrense in leakage~ qryll\lld crops 

decreased nnd irri~uted crops incrensed; nottlbly FABA was intro(luced nnd DCA.NOLA w;1s 
rcplnccd by CAN0LA2., 

5.2 0CI11h to. U.acwatertttblc .(DW'I') 

'll1e effect <:.f shnllow wmcr tables wus studied by ntl.siqg the, wmcrtable to 3 rn below the soil 
surface in lianns 2, 4, und 5~ This enables oupUhuy up flow to (.>ecur. 

·paf)le s. ()~'
1

1' sensitivity results 

RUN l .•• mk:lgc llW'1' l\'Hn Rice ·rf:M r:N1 WRnQ \\IJ{f.:Q 
NO. ntm yr'1 m Ar«.·~•Jm $ $t.~··l ~H~ yr~1 Ml,.'h1t"1 

Hi ,.QJ 3 INf.~lASibLr! 
17 ().() 3 61465 112 ,50 O.O<J 
l8 O.l 3 80678 h'1( 290 0 • .53 
H> 0.2.5 1 1033Z3 188 603 l.tO 
20 0.4 3 125641 228 !()()() 1.83 
21 -OJ ~ lNFilASlULJ~ 

22 0.0 } 56197 122 1. (.)() 0.22 
23 0. I 3 71.215 155 290 0.63 
24 0.2.1 3 912.54 198 578 1.26 ., .. .. ,:. 0.4 3 ICH372 220 797 1.73 
26 •0.1 3 tNflEAS ra t~rs 
27 0.0 :\ 115854 U6 138 0.14 
zg 0.1 3 148513 149 55l 0.55 
29 (t2S 3 18992() lVO 1135 1.14 
;m 0.4 1 21Hl43 2tl 162,4 1,62 

For fnnn 2, when upwnrd lenkr~ge was 10 rnm it WllS notfensible to·ri1cc.J:rcchm:gettrlclsnUnh:Y 
constraints. i.e., the capillary upOow rates arc still im\deqt•nte: ttl offSett)pWl~.tcHettkttge~ Rcotlll 
that. the $()il.type in farm 2 is prcdomlmmtly clny\ which :rreoludcs Jttnnnber ofhigh;+:vUlt~o 
irriguled crops* The, opt.imumJntensities of irrigation, whhout:r?~R~ltiJJ~ thbWa~¢rmblc ut 3 rtlt 
were 0;0; <l.33, 0.98, •1nd 1.7 Ml ... ha·*. In comrnst, whenth~'wnJ~rtt1ble'wasreset,at3 m,·the 
optimum intensities of irrlguticm. esdmutcd for compan•bl~ rQJls werQr0Jl9,. O.Ss, :L.T()i nhd J!j83 
MLthu~1 • 

For nlrm 4, whcnttpward lenkugewas tOtnm, JtW~lSUotf:enSibfe.to,tn¢et:rc¢lJn~~~:,u~ilst~llnlt~ 
constr"4lints. However;. feasible solutions were obtalned whe•t-lei~Kl!i;~ Wtaszer:o.. Re~u.\ltdli.U~'fot 
suoh +t condition, nn? \J{ithout.resctting the w~tennbl~·'ttt $·m,,~<:~'$lbJ~is~JQdon$"W(!te'J\Qt 
obmioed. 1!he··.optimum .i.n.tcnsitiespflrdglttion, \l{Hh~)utres~Hin~ith~,~~t~rn\litc:t~t~~ .. m.,tb~frlins: 
wUh positiveJenknge were 0.33; 0.98, nnd l.SS ML,·hn·-l .. ln,toJitrttsr,.wh~nJhew:he.rtUlll~>W~S; 



reset m 3 nl.thc oprhm1m inte.nshies oflrrigotit1n c,stimntcd:.loi~eonlJliltnblettlil$. W¢~~0~Ga, 
1.25, and 1. 73 ML lm·•. 

For fartn 5. when upward leakage was 10 tt1tn it WtlS not .tenslble .fO ttlCCt. rcchttrge. and rSalittity 
constraints. llowevct-, .feasible solutions were·ot)tnlued whcn.Jctlkt\gll WtlSZero. ·R<!(:jall dH~h t()r 
such n. condition, and withcnn rcscni11g the w~ttcrtoble nt 3 n1J (t*:iib(e:solUdottS wercq1ot 
obH)ined, Feasible S()lutions were ('lbmined for tuns '\\~hh lcakrtgQ srcll(er \hatl zcr().tl$ Welt 'The 
optimum intensities or in·igtttion~ Without reS¢1\ing the Watcnft()Ie .at S Hh for;rUn$ Wllh J)Q$.hlVe 
te:t~age rates were ();34, 0,98~ and 1.51 ML ha·•. hl cornms•~· when the walertt\ble wast·escttn 
3m, the optimum intensities of irrigmion cstimtucdforc<.;mpamhJe nms were: 0:55, tl4d\t1d 
1.62 ML ht\"1

• 

FQr this set of runs, mirthnum area of RICE wns sot nt40 lm f(1t farms 2~ 5, und.(i, Runs were 
rnade with t1ve lenkttge mtes {· 0.1 t o. 0. l; 0.2$, nnd 0.4). 11or fttnn 2, (c,~sible sohnkms were 
obtained when the le~\kage was 0.4. For fnrn1 S, feasible solutions were ohtninedAvhetrth~. 
leakage was greater chan 0.25 and the rainfoU wns nvernge or wet. Pann 6hndnofensible 
solutions. 

Although It. is infeasible to maintain zero mu .recharge Jn these ftmns .if dec is. gro.wn on40 ha, 
rice remt:,,s the preferred crop for most fnnners. W'mertnbtc dse in the!i~fntmsmp.-yl>e ttvoided 
if groundwtuer pumping i.s adopted. For example, in fttn116. where the init\al watcrtnble depth 
is 3 tl11 growing 40 ha of rice will result ht the watertable at a d~pth of2~73m.in ~n average. 
rainfall year. This watertable rise. cnn be nvoided if L68 MI .. htl'1yr'1 ofgroundwt\ter.pumping i$ 
implemented. · 

Table 6. ~linitJtum. rice area r~<l~•iremcntscn.~iUvityr~$~•1ts 

RUN l.~eakltgc DWt t.1inRice TGM (~M ·WR~Q \VR~Q 
NO~. tnJPJ'r·• m .-\.r~aJan $ $Iha:1 ML yfl M~c:h~·J 
31 ·O.i 4 40 INF13ASillLE. .. 
32 0;0 4 40 INFEASIBL~ 
33 0.1 4 40 lNFJ!ASillLil~ 
34 0.2S 4 40 INFEASiB4E 
35 0.4 4 40 101607 185 869 1.58 
36 ,.(),1 7 40 lNFEASIBbE 
37 0;0 7 40 lNFI!AStBLij 
38 O.J 7 40 INA!ASIBLE 
39 0.25 7 40 1®472 1® l072 L04 
·40 OA 7 40 203935 2<}4 1617 l-62 
41 ·0.1 3 40 lNFEASilll$ 
41 o.o 3 40 lNE.et\SinP:E 
4~ 0.1 3 40 IN~SU}~E 
44 '.),25 3 40 lNFEASl13Ll! 
45 0.4 3 40 lNFE?\SlUIJ~ 



We believe that the model hns pcrfonncd in n.Iogicttl u1t\nnerforthc nms catried·,otn. However, 
some of the assurnptions. made in the niodel cot1ld be refined which wottld'ih1I>tov~ the t:n()(iel. 
This sectiOil outlines perceived weaknesses in the asSUJllptions. 

6.1 Estitn~ting gros.~ nmrgin$ 

The model uses gross margins as an indicator ofprofi(Hbility. Gross n1argins are sirnply it1q0111e 
derived from nn enterprise minus the variable costs directly associated with ·this incor~le. rrhe 
gross 'llutrgin is not %\. protit figure ~md ideally should only be used to compare .activities with 
s.imilar resource use. As the tllodel recommends optimal land uses. nny major chaogesin nJtum 
plan should be evaluated. Tl1is could be done externally to the modeL 

At present, the yield of a crop does not char1ge as the level ofwaterdeficit chang~s. A crop., 
specific function needs to be developed to accoum for this problem. 

6.2 Suit and water bnlunce of the farm 

We assumed that the fanns had reticulation systems, so that, irrigtHion runoff (drainage) was 
assumed to be zero. This nuly not be the casein some farms. Further, the levels of irrigation 
were nor changed '"'ith changes in weather conditions. For example, RICE was assumed to use 
20 ML ha-l on a sandy loam, irrespective of weather. 

\Ve estimated leaching requirement us a function of leaching water quality (2. dS n1'1). ~'lhis 
resulted in a leaching capacity <>f 6%1 irrespective of soil type. This·aspect of the mod,el could 
be modified to nccount for variation in soil type. 

6.3 Soil hydraulic propcr.ties 

The optimal intensity of irrigation depends on minimum Ctlpillary up flow rates (CUFL®\V) of 
soil types within a fam1. Additional work is required to detennine these .rates .under. bare smface 
conditions and varying depths to the watertable. 

7 ~(;)LB.OFSWAG1\1t\N FARNllN'rHE DEVEL()Pl\'IENT AND 
IMJJbEMEN~PATI@N OF 'LWMPs 

Currently in NSW, Victoria and South Australia there is a move towards :privately run irrigafi"on 
sys~emsr .managed by irrigation boards. For the pri Vatisation process >to ;f1l.k<!J ¢ffecf? lfi'~gtitiQn 
boarqs are.reqtJirt~dtodevelopLandandWaterManagement:Plans.(LW,MP)·,w}Jich>:ate. 
acc~putble .to OoYemments. We believe thatSWAOMAN FannJtus the: following role$ to play 
in the development and implementation of such L&WMPs, · ·· 

SWAG MAN Farm.co~Id·beused for educotional· p~rposes. Since ;S\YiA(!Jrv.fi\N"l:7~' n~cQt1r1~ 
fqr.aspe~ts>.of·agronomytirrigation, snlinity,.soUs~.•·hyclrqg~Qlqgy,.:and'e,c~poq;t~c$:'jt:g.~~;:l)e:;~~eij 
to .. evruu~te··.th,e ipJp1ictiora.ch;mg~·in any. C>O~,ofth~·~lbovev~~9l~S:! . J]h¢r~t9r~; ;"~~oqy 
pcrsonne.l, .. menl~rsofird~ation:l;X)ard~,.ttnd.·~te:fal1Uin~com~l\lJ1ity;·;ttA~~.~;Wlll;~~<jm~ 
po$ition.···to·wld(!rstand·. the·.Jl<;t.effect:··on apotenUal:cbi\hge.·jn"fa.miitlg;,pti\Pfi.~(!$• · 



lnigu' ion l>t1ntds. urn ·•~cqtlit-c(l .. ,o ittontify n.tltl·JHUill<>tc~bcsr·rn;t,H\SCfl1crlt:twnoti~.;.s whlcb \~ill 
(,t(>turibntc.l<~<:>VcrnU cnlutnccn1cot <1f thu irdg~\ted unvh·Qmucnt~ Wcbcli~vc tht\t SWAGNtiXN 
Fnnu cmtklbc qst:d todt~tcnninc guideline$ fot· best m:umgcmcnttmwticcs. Although 
S\VAC:iMANJ'1'tmnJs lU>\ cott1prc11(!J1Sivp. tHmvgh to be· ;~.fnnonJtitlU~emt}nt Ulodch itcnn .. ntso~:be 
used by nu-.ucrs m nid ptunnin~ und tl1tlllttgcmom. 

I. fl'hu rcchm:ge: cfftt-~icncy t·mio. is thp cdticnl conlrclttill~ fn~:l<>~'. A!' tht~ (lisch~\rgc c~\}1t\C;ity 
inCI'CtlSCd SC!CCtit>n Of U ln1H1m:c depended OillhC: cvn(l(Jlt'l\HSpimtinll cf0a.l¢tl0)! rntk•. 
l~lowcvet'r the finni snhHh:m dC'tpcmlcd on rt\nn·sp~~cU1cc.harn\1tcl'lstics tnld·c~lllSlttHnts. 

z. As th~! lcukugc inctGtHi.cd. tott\1 grm;s nwrgin per funn tm;rcuscd. 
3. "l11c optiHJHl intensity ()t'irdgntion(Ml'-t hn ') wns low whc\n the wutcrUtblc W!lS m depths 

below 3 tlh tlm groundWtllC.t' suHnity Wtls hlgh. and tim soil type in the fnrm wns 
t>tcdmninnntly chty. 

4, CQnsidcring the r~snlts of tho st.udy we bcliov(~ thm the opthnnt int(msity ()fJJ'l'lg:mkm hHh\! 
Murrny Valley is tmpmxhnmcly 2 . .5 JVU,~ ha l yr' 1 

, C<)tt(fitionat on f'rtrrn t.ype~ soil tyfloS t\nd 
depth tc) the wntcrtnblc. This compurcs with a cmn!m nvt~rnge mtc ()1' 4'"'5 MllnC1 yt•~ 

5. \Vhcn the Wntt;U'ttblc is d<:ep tHHI highly sntinc nnd the soil. type is cloy, h is ttdvhmblcto 
nvoid irdgnHon lO prevent wntortnhlc rise nnd snlhlisntlon. 

6. Hc•r nlm\Jn soli. when the· wntertnbl¢ is dcQp nod m(}dcrntcly !iHtlnet in:lgntion n1nsrbc 
cornbhted with grnuudwatcr purnping in ord(:f' to tnnhHuin zen:. net tcchnrgc, 

7. If nren rcstdcti(m~ m·c not imposed as consttnint:i, total gro~s mnrgins per hcctutcrccc.lvcd 
by the fnm1 wctc hJgh. 'Fhis wns Jldtnol'ily due. to the uuhivatft)ll of crops tlrat ,bud hlgb~r 
r~chnrgc nnd cvupotl'nfl$f)irmi<lll cfl1cioncy mtios. 

8. p~.,-wtho futms con~idcrcd it is not: fcnsiblc.tn •naintnin ncJ. r~chnrgt'\ m zcJ'O>HJld mnintnh1.dcc 
urcn ut 40 hn Pc•· Hvnt, unless the level <Jf lcokngc is high. 
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