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ABSTRACT

The viability of irrigated agriculture in the Murray Valley is threatened by waterlogging and
salinisation induced by rising watertables. By limiting net recharge to the watertable, waterable
rise can be prevented and the risk of watertable-induced environmental damage ¢an be
minimised.

Primary factors affecting the rate of net recharge 1o the watertable on a fanm inchude: cropping
pattern as determined by soil type and farmer preferences, intensity of irrigation, depth to the
watertable, and leakage to deeper aquifers, Among these variables, the depth to the watertable
and leakage rates are difficult to alter, whereas landuse and intensity of irrigation can be
managed such that net recharge is maintained at or below zero. Such changes in landuse and
irigation management must give maximum profits if the farm is to remain viable.

To determine the optimal intensity of irrigation and landuse which give maximum financial
returns to the farmer while maintaining net recharge and soil salinisation at:zero, a non-linear
programming model - SWAGMAN Farm, was developed. SWAGMAN Farm was used to
study the effect of leakage, initial depth-to the watertable, and landuse restrictions on total gross
margin received and optimal intensity of irrigation.




1 INTRODUCTION

In imrigation areas and districts of the Murray Valley of New South Wales, agricultural
enterprises vary from farm to farm. However, ncarly all farms face two environmental
problems: waterlogging and salinisation: The primary factor controlling these two
environmental concerns is the depth to watertable below the soil surface. Depth to watertable is.
governed by the net recharge 1o the watertable ant~ateral groundwater movements. Therefore,
by managing net recharge to the watertable, the hazards of waterlogging and salinisation.can be
minimised. Such a strategy should also result in maximum economic réturn to the farmer.

In order to determine on-farm land use practices and intensities of irrigation which produce an
optimum result (maximum economic returns, zero net recharge, and zero gain of salt in the
rootzone), an optimisation model, SWAGMAN Farm, was developed. The model takes into
account distribution of soils within the farm, potential land uses, crop evaporative requirements,
current irrigation practices, leaching requirement, annual rainfall, rainfall runoff, leakage to
deeper aquifers, depth to watertable, capillary upflow from shallow watertable, salt
concentration of irrigation water, groundwater, and rainwater, and the economic returns from
potential land uses.

2 MODEL DESCRIPTION

The objective of SWAGMAN Farm, subject to rechurge and salinity constraints. is to maximise
total gross margin per furm, ie.,

TGM =y Y GMLW, — IRRN_.; ¥ WATPRICE (1)
where,
TGM Total gross margin ($)
GMLW Gross margin of a land use less cost of irrigation water ($ ha™)
IRRN Irrigation in use (ML ha™)
WATPRICE Price of water ($ ML™)
C Land uses considered in a farm
S Soil types in.a farm.

Soil types considered in the model were: clay (CLAYY), loam (LOAM), and sandy loam
(SLOAM). Land uses (C) considered in the model were: rice (RICE), soybeans (SOYB),
maize (MAIZE), lucerne (LUCERNE), hay lucerne (HLUCERNE), fababeans (FABA), canola
with 4 ML irrigation (CANOLA1), canola with 1.5 ML irrigation (CANOLA2), wheat with

4 ML irrigation (WHEAT]1), wheat with 1.5 ML irrigation (WHEAT?2), barley with 3 ML
irrigation (BARLEY 1), barley with 1.5 ML irrigation (BARLEY?2), annual pasture
(APASTURE), perennial pasture (PPASTURE), dry land wheat (DWHEAT), dry land canola
(DCANOLA), and dry land annual pasture (DAPASTURE).

The objective function was solved using a non-linear programming solver, GAMS-MINOS
(Brooke er.al., 1988), subject to the following constraints.




2.1

LREQ =

23

Area-constraints within:the model

SOYB, MAIZE, LUCERNE, CANOLA1, WHEATI, BARLEY1, and PPASTURE
were not to be grown-on clay soils.

Land uses on a particular soil type cannot exceed total area of the soil type.

Areaof a land use cannot exceed maximum allowable area: (PMXA} The maximum
limit was set to reflect real world considerations such as enterprise diversification,
crop rotations, market demand, and restrictions set by natural resource managers.
Area of a land use must be greater than mininmum required area {PMNA).

Minimum area of any land use (other than FALLOW ) selected by the model must
be greater than 10 ha to avoid inclusion of an incfficient area of a land use.

Salinity constraints within the model

Salt was assumed to be brought into the rootzone by irrigation (0.12 dS m™), ruin
(0.0001 dS m™), and minimum rates of capillary upflow from the static watertable
{concentration of groundwater).

The total mass of salt brought into the rootzone by irrigation and rainfall, and salt
brought to the soil surface by capillury upflow, was required 1o be removed by
teaching and runoff, resulting in zero salt gain on the farm.

The model required that salt brought into the root zone by irrigation water be
removed by leaching, Therefore, part of the irrigation water was required to leach
the irrigation borne salts, This leaching requirement was determined from the
equation below. The leaching water will recharge the watertable, which ought to
dissipate by leakage or capillary upflow. We assumed that the concentration of salt
in leaching water was 2 dS m”.

CIRRN * IRRN | CDWATER 2
where,

LREQ Leaching requirement, ML

CIRRN Salt concentration in irrigation water, d$ m”

IRRN Irrigation amount, ML

CDWATER  Salt concentration of leached water, dS m’.

Salt brought to the soil surface due to capillary upflow was required to beremoved
by rainfall runoff, Saltat the surface was assumed to-be the product.of capxlhry
upflow and groundwater sahmw, The upper concentration limit.of saltin.runoff
water was set at 15 dS'm™, This is consistent with data collected in northern
Victoria.

Net recharge constraints within the model

Net recharge 1o the watertable depends on recharge mechanisms (irrigation.and
rainfall in excess of agtual: evapoxrmspmnon) nd ischarge mechamsms capll”'dry
upflow and leakage to deeper a juifers). Thenetrecharge ired to'be equal
tozero. It was determined using the.equations ‘:bclow
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DISCHARGE = Y,  AREA * BRAIN; = AREA ; * CUFLOW, = TAREA* LEAKAGE @)
NETRECHARGE = RECHARGE + DISCHARGE )
where,

GRAIN Rainfall during growing season of land use C (ML ha™")

AET Actual evaporation use by land use C (ML by

BRAIN Rainfall during bare season of land use C (ML ha'")

I‘ARI” Total aren-of farm (ha)

Aren of Tand use Con soil § (ha)
Leakage from watentable lo deceper aquifers (ML ha™)
Capillary upflos (ML ba'"y

MODEL PARAMETERS

Lod

31 Estimating minimum capillary upflow from a static watertable

Minimum rates of capillary upflow from a static watertable at 1 and LS mdepths under a bare
soil (CUFLOW) were determined using a numerical model, HYDRUS (Kool and van
Genuchten, 1991). Capillary upflow rates for depths in exeessof 1.5 m were estimates only,
Minimum capillary upflow rates determined for Riverina clay, Mundiwa elay loam, and
Hanwood loam were considered as the capillary upflow rates for clay, loam, and sandy loam
(Prathapar and Madden, 1995).

3.2 Estimating actual evaporation (AET)

Initially, monthly reference evaporation (RET) values were used 1o estimate RET during the
growing season of individual crops (Meyer, 1995). The RET value of cach crop was muluphcd'
by a acasoxmtly weighted crop factor to obtain seasonal crop.evaporative demand ( I;"l) The
assumed ‘crop factor” for @ bare period during average rainfall years was 0.11. This ‘crop
factor” is considered adequate for summer months but miy be too Jow for the winter perdod. A
better estimate is required 10 reflect the winter bare-period crop factor.

Actual evapotranspiration (AET) was determined by multiplying the CET by a correction fncwr
(PDFACT). This was to account for irrigation management as well as soil water deficit,
was determined with the equation: ,

PDFACT =08~0.7*(CET - WAVAIL) [ CET - (6)
where WAVAIL is the sum of irrigation and infiltrating rainfall during the growing season.
The actual: wupmmnspmuon values and estimates of recharg

Table 1. Ncguuvo value: charge imply watermovi
evaporative requirements-of the Tanduse,
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Six representative farms in the Murray Valley were considered forinvestigation, Characteristics

Land use

'RICE Clay

RICE Loam
RICE Sloam

SOYB
MAIZE
LUCERNE
HLUCERNE
FABA
CANOLA1
CANOLA2
WHEATI
WHEAT2
BARLEY1
BARLEY2
APASTURE
PPASTURE
DWHEAT
DCANOLA
DAPASTURE
FALLOW

1203
1203
1203

689

581
1188
188

461
287
474
287
392
277
416
1118
172
172
158
210

Representative farms

of the six farms are summarised in Table 2,

Table 2. Characteristics of representative farms

Farm Farm  Area Chay  Loam  SLoam  GW _ DWT
_nt Number____(ha) (ha) {ha) (ha) Salinit 1’ _(m)
"WKD 200 50 100 ‘ 50 - 1
WKR 2 550 500 50 40 4
WKP 3 500 350 100 5.0 15 3
DNE 4 460 92 368 - 10 4
DNW 5 1000 750 250 - 26 7
BQR. 6 28 160 124 - 3 3

'WKD: Wakool dairy farm; WKR: Wakool tice farm; WKP: Wakool mixed-pasture farm; DNE: Denemein
Ezm mixed farm; DNW: Denamem West mixed {farm; BQR: Beriquin rice farm.

* Groundwater: salmny indSm’,




4  MAJOR DETERMINANTS OF THE MODEL

Smce the objeutwc m‘ me modd is te m.mmnse gmss m'lr;,ms whlle constrfunmg, net*-rcch.\rgc to

del‘me vcclmr% eff ﬁcxcncy ratioas 1he ratio betwu:n gross mar;_,x zm rccharge forix l'mdausc
In general, DCANOLA, DWHEAT, CANOLAZ2, and DAPASTURE-D resultin higher gross
margins-per ML of recharge than the other land uses

Anotherimportant controlling factor is thc ratio of gross m.mg,m to-actual evaporation, which
will idemify land uses that result in maximum gross margin per unit of water used by thecrop.
Therefore the secondary determinant will be the evapotranspiration efficiency ritio (EER). We
define evapotranspiration efficiency ratio.as the gross margin per ML of actual
evapotranspiration. In general, DCANOLA, CANOLA2, MAIZE, and APASTURE-D resultin
the highest gross murgins per ML of recharge.

Table 3. The recharge efficiency ratio (RER) and evapotranspiration: efficiency: m(m
(EER) of land uses durmg, anaverage year

___Land Use RER ($ ML) Land Use

DCANOLA ' -2759" DCANOLA

DWHEAT -1218 APASTURE -D

DAPASTURE-D 1173 MAIZE

CANOLA2 673 CANOLA2

DAPASTURE-M 461 SOYB

FABA 339 CANOLA1

LUCERNE -D 308 LUCERNE -D

HLUCERNE 288 FABA

CANOLA1L 283 HLUCERNE

WHEAT2 282 PPASTURE -D ;

APASTURE -D 26 DAPASTURE-D 53

BARLEY! 194 DWHEAT 51
175 RICE:Clay 43
1M BARLEY1 42

SOYBEAN 146 RICE-Loam 41

WHEAT1 136 WHEAT2 39

BARLEY?2 18 RICE-SLoam 37

MAIZE 117 WHEATI 31

LUCERNE-M 114 APASTURE-M 30
100: LUCERNE-M 25

APAS”LUREM 68 DAPASTURE-M 2

RICE—SLoam 51 BARLEY2 16

AST 36 PPASTURE -M 12

0 FALLOW 0

TAn negauve valu ndicates discharge

These two sets o’f”cocfﬁci‘ents are the major detexminams‘ of the mo‘dél However, the final

.dryIandz crdp», provided jcharge isnot hmmng




5 SENSITIVITY ANALYSIS

The model was used to determine the sensitivity of leakage to deeper aquifers, depthtothe
watertable and minimumy rice areas on-selected farms.

5.1 Leakage
The maodel was used to evaluate the sensitivity of leakage rates on gross margins and optimal
intensity of irrigation-on-Farms 1,2, and 3. The leakage rates used are - 0.1, 0, 1, 0.25; and

0:4 ML ha™ yr'. The results are presented in Table 4.

Table 4. Leakage sensitivity results

RUN Leakage DWT MinRice TGM _GM  WREQ WREQ ‘wnm'
NO. mmyr" m  aveaha §  $ha'! MLyr' MLha'

1 0 1 - 33652 168 277 139
2 0.0 1 - 37348 187 320 1.60
3 0.1 1 - 41044 205 364 1.82
4 025 1 - 46587 233 430 2.15
5 04 1 . 51737 259 492 246
6 0.1 4 - INFEASIBLE

7 0.0 4 - 51546 94 0 0.00
8 0.1 4 - 70901 129 184 033
9 025 4 - 96678 176 541 098
10 0.4 4 - 19183 217 939 1.7
11 0.1 3 . INFEASIBLE

12 0.0 3 - 60631 121 103 0.21
13 0.1 3 . 76960 154 309 0,62
14 0.25 3 - 95688 191 586 .17
15 0.4 3 - 105816 212 836 1.67

For farm 1, all five runs gave feasible solutions, Opmmxl irrigation intensity mcreased from 1.39
ML ha" (leakage = -0.1 ML ha” yr™") t0 2.46 ML ha™ (leakage = 0.4 ML ha” yr"). The-upper
bounds set for lucerne and hay lucerne were reached in all runs, This reflects: hlgh retums
obtainable for lucerne on dairy farms. As the leakage increased, dry land annual pasture was
subsumted by imigated pasture,

For farm 2 when there was upward leakage it-was not feasible to meet salinity and recharg
constraints. This farmhad a deep water table (DWT =4), and 50 the: opponumty 10 1s arge‘
water in: the fom1 of. capxilary upﬂow was nor avalldble Four othcr scer ‘anos (leakagi ;

des:gnated a ice. farm beLause of the presence ofhlghly ééihne:(40 d
depth the mode! did not select RICE. ’




For farm 3 when there was upward leakage it was again not feasible 1o- meet: the sahmty and
rechiatge constraints, Seventy percent-of the farm ha 01' ¥y Wit o
Therefore, discharge in the form of capillary upflow is v
meet-the upward leakage. Feasible solutions were: obtained: f‘m runs wnh mm ;! ing
positive leakage. Opumnl irrigation intensity mcrumd from 0.21 ML ha (!uukﬂgc = OMLh
yr')to 1.67 ML ha” (leakage = 0.4 ML ha yr''). ‘With an increase in leakige, dryland-crops
decreased and irriguied crops increased; notably FABA was introduced and DCANOLA was
replaced by CANOLA2.

5.2 Depthtothe watertable (DWT)

The effect of shallow water tables was studied by raising the watertable o 3 m below the soil
surface in Farmis 2, 4, and 5. This ennbles capillary upflow 1o occur.

Table §. DWT sensitivity results

CRUN Leakage DWT “MinRice TGM _ GM WREQ WREQ
CNO. mmyr'  m Arewba § St MLyr' MLha?

16 0.1 3 . INFEASIBLE

17 0.0 3 61465 112 50 00y
18 0.1 3 . 80678 147 200 0,53
M 03 3 . 103323 188 603 110
20 04 3 . 125641 228 106 1&3
21 A1 3 . INFBASIBLE

n 0.0 3 56197 122 100 022
23 0.1 3 . 71215 155 290 063
24 035 3 . 91254 198 578 1.26
25 0.4 3 - 0137 20 797 1.73
26 41 3 . INFEASIBLE

27 0.0 3 . 115854 116 138 0:14
28 0.1 3 . 148513 149 551 0.55
29 .25 3 . 189926 190 113S 114
30 o4 3 201043 211 1624 1.62

I'" or l’ urm 2 whbn upward lmkagc was 10 mm il wils nm l‘msible m x‘h‘cét ‘rwh‘zlrl,c: ’im‘d %‘Minity

xmgated crops. Tht, Optlmum Intma uus ot‘ imgzmen, wuhom ;re i

were 0.0, 0.33, 0.98, and 1.7 ML ha. In contrast, when the watert
opumum intensities of irrigation estimated for comp,;mblu runs weres: ().
MLha™,

cona.tmmts, nowwcr. fcaswble sohmons Wcre Obt.un
such a-condition, and withoutresetiin :
obuum,d ’! hc opumum«fmtcnsuim 0!




“

mm at 31, the optimum intensities of irrigation estimated for comparable runs were: 0.63,
1.25, and 1,73 ML ha™",

obmmed I‘c.\slbla mlutwns were obu\med (‘m‘ mns, wuh lc:xk ge g,ncmcr Ih:m 26100
optimum intensities of irrigation, without mxcum;, ihe watertable at 3:m, forruns w
leakage rates were 0.34, 0,98, and 1.51 ML ha™. In.contrast, when the watertable
3m, the opu‘mum intensities of irrigation estimated for comparable runs were: 0.5
1.62 ML ha™.

53 Minimum rice area requirement

For this set of runs, minimum area of RICE was set at40 ha for farns 2, 5, and:6, Runs were
made with five leakage rates (- 0.1, 0, 0.1, 0.25, and 0.4), For farm 2, feasible solutions were
obtained when the leakage was 0.4, For farm 5, feasible solutions were obtained when the
leakage was greater than 0,25 and the rainfall was average or wet. Farm 6 had no feasible
solutions.

Although w is infeasible to maintain zero net recharge in these farms if rice is grown on 40 ha,
rice rems ins the preferred erop for most farmers. Winentable rise in these farms may be ¢
if groundwater pumping is adopted. For example, in farmy6, where the initial wateriable ,‘cpth
is 3 m, growing 40 ha of rice will resultin the waertable ata depth Qf‘ 2,73min an-average
rainfall year. This watertable rise can be avoided i 1.68 ML ha™ yr'* of groundwater pumping is
implemented. '

Table 6. Minimum rice area requirement sensitivity results

RUN Leakage DWT MinRice TGM GM W

NO, mmyr' m  Areaha $

3 -0 4 40 INEEASIBLE

32 0.0 4 40 INFEASIBLE

3 0.1 4 40 INFEASIBLE

. 025 4 40 INFEASIBLE

35 04 4 40 101607 - 185 869 1.58
36 0. 7 40 INFEASIBLE

37 0.0 7 40 INFEASIBLE

38 0.} 7 40 INFEASIBLE

3% 025 7 40 160472 160 1.02
40 04 7 40 203935 204 1.62
41 0.4 3 40 lNFEASIBLE

2 00 3 40 INF

4 0.1 3 40

44 0,25 3 40

45 04 3 40




6 AREAS FOR FURTHER DEVELOPMENT

We believe that the model has performed in'a logical manner for the runs carried out. ‘F’I'éwéve‘r,,
some of the assumptions made in the model could be refined which would improvs the model.
This section outlines perceived weaknesses in the assuniptions.

6.1 Estimating gross margins

The model uses gross mdrgna as an indicator of profitbility. Gross margins are zslmply 1ncome
derived from an enterprise minus the variable costs directly associated with this income. The
gross'margin is not a profit figure and ideally should only be used to compare activities with
similar resource use. As the model recommends optimal land uses, any major changes in afarm
plan should be evaluated. This could be done externally to the model.

Atpresent, the yield of a crop does notchange as the level of water deficit changes. A crop-
specific function needs to be-developed 1o account for this problem.

6.2 Salt and water balance of the farm

We assumed that the famms had reticulation systems, so that, irrigation runoff (drainage) was
assumed to be zero. This may not be the case in some farms, Further, the levels of irrigation
were not chzmged with changes in weather conditions. For example, RICE was assumed to use
20 ML ha™! on a sandy loam, irrespective of weather,

We estimated leaching requirement as a function of leaching water quality (2 dS m™). This
resulted in a leaching capacity of 6%, irrespective of soil type. This aspect of the model could
be modified to account for variation in soil type.

6.3  Soil hydraulic properties
The optimal intensity of irrigation depends on minimum capillary upflow rates (CUFLOW) of

soil types within a farm. Additional work is required to determine these rates under bare surface
conditions and varying depths to the watertable.

7 ROLE OF SWAGMAN FARM IN THE DEVELOPMENT AND
IMPLEMENTATION OF ;L;-W*Ml,’s

accepmble to Govemmcnts We belwvn that SWAGMAN F.um lms th followmg, (0] to:play
in the development and implementation of such L&WMPs,




comnbuw o ov mII u\]mnwxmm of thc u‘ngg\md uwix onmmh W
Farm could be used to-determine guidelines for best management pricti It ‘
SWAGMAN Farmis not comprehensive enough 1o be uJnnnmnn.u,c,nmm model, iteanalso be
used by fwmers 1o uid planning and management,

8 CONCLUSIONS
The following general conclusions can be mude from this study:

L, "The recharge efficiency ratdo is the eritical controtling factor. As the discharge ¢ \px\n;ity
Incrensed selection of o landuse depended on the evapotranspirstion ef mwcy o,
However, the final solution depended on I‘unwspcwﬁc chameteristics t\nd constraints,

2. As the Jeakage inereased, total Bross nmrgm per furo inereased.

3, The optimal imensity of irvigation (ML b') was low when the wmumb!c was o depths.
Delow 3 m, the groundwater salinity was high, and the soil type in the firm was
predominantly clay,

4, Considering the results of the study we l;)clmvt. ‘l arthe optivaal intensity of frrigation in the
Murray Valley is approxinutely 2.5 ML ha yr'!, conditional on farm type, soil types in
depth to the w*xmr:.nhlg, This compares with a current sverge rate of 4-5 MEhg” yr'

5. When the watertabie is deep and highly suline und the soil type is clay, it is advisable to
avoid frrigniion 1w prevent watertable rise and salinisation,

6. For o loam soil, when the watertable is deep and moderately suline, irrigation must be
combined with groundwater pumping in order to maintuin zero net recharge,

7. W area restrictions age nok imposed as constraints, total gross marging per heetare received
by the farm were high, This was primarily due to the eultivation of crops thai had higher
recharge and evapotranspivation efficiency ratios, : ‘

8. Forthe farms considered it is not feayible 1o maintain net reeharge at zero and miintain rice
aren it 40 ha per firny, unless the level of fenkage s high.
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