
INTRODUCTION

It hardly needs to be said that the supply of itfigation water is a Inajor issue for the
industry and a Inajor hint to production, and that there are econonitc and
environmental dimensions to the debate about water, which is characterised more by
rhetoric than fact. For example, we have heard. ...

. "The cotton industry has a veracious appetite for water. "

. 'You and Iknow 6Ml/?Ia is not enough to water a successful cotton crop. "

01/6 assertion relates to the industry as a whole and the other to the operation of a
fann, so providing a convenient introduction to two questions addressed in tliis paper. ..

. How much water does the industry actiially use?

. Howmuchwaterdoes acotton crop need?

The corollary to these questions is: how well does the industry use this water, and is
there room for improvement? in order to answer these questions, this paper will report
the facts on water use by the industiy, assess the industry's pertbnnance against
provisional benchmarks and pointto some strategic ways fomard on the farm.

How ucHWATERDOESTHEINDusTRYusE?

The volume of itfigation water used on cotton from 1988 to 1994 averaged 1261 Gl
per season, ranging from 1026 Glint 1992-93 to 1498 Gl in 1990-91 (Gl = gigalitre =
1000 Ivll or megs). These volumes include surface and ground water. The mean
infigated area for those seasons was 199,263 ha, giving an average input of inigation
water of 6.33 meg per ha. Water input dechned from 8.43 meg per ha in 1989-90 to
5.48 meg per ha in 1993-94, reflecting the increasing severity ofdrouglit. The range in
megs per ha among regions (3.9 to 11.7) reflected the extent of dependence on water
harvested from off-allocation and umegulated flows with consequentlarge evaporation
losses duting on-foam storage, and the severity ofdrouglit.

The industry produced an average of 1.12 bales per meg of inigation water. Variation
among seasons and among regions reflected the same factors that affected megs per ha.
Production per meg is also influence by the extent to which rainfaU supplements
itfigatioii, to which we will return later. Bales per meg increased doririg the drouglit
from 0.87 in 1988-89 to 1.42 in 1992-93, as glowers fine-timed their operations when
water was in short supply.

Benchmarking Water Use on Farm:

If you don't measure It, you can't manage it.

by BriariHeam, "Kurrali", Nanabii.
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Sources of Data

Infomiation on the amount of ittigation water used on cotton (or any other crop) was
not avatlable in the public domall, incontrastto crop area and production. It was only
the unfaihng helpfiihiess of some officers in the relevant State Goverrrrnent
departmentsthat enabled the data to be unearthed. A further problem was matching the
water supply data with crop production data.

The ditticulty in obtaining the infonnation is disttrrbirig. If the country is serious about
responsible managernent of water resources, and if debate on the issue is to be



infonned, the infonnation must be readily available in the ublic domain, itIt
infonned decisions are made on the competing claims for water. With the lack of data
in the public domain it is doubtfiilifcurrent decisions are infonned.

The National Perspective
The amount of water used to inigate cotton is less than 0.1% of the total wat
resources in the relevant catchments, when assessed by the volume of rainfall. The
crop used 9% of the itfigation water in Australia, and also 9% of the surface ini at'
water in the Murray-Darting Basin, where most inigated cotton is own. A ino
detailed comparison of itfigated cropsis given in Table I.

Table I: Comparisons among irrigated crops in 1992-3 in Australia.

Megsper Percentageoftotal Percentageoffarm Farm
ha lingation water used gate value of gate value

in Australia jin ated roduction $ erme

58.2 14.5 101

18.2 58.4 1300

9.4 3.8 162

8.2 9.4 464

6.0 13.9 960

Source: Thornson & Schofield. handoul allAA Conterence. 1998

These figures show that the cotton industry is notthe voracious consumer of water the
media like to portray. Moreover, cotton returns more per meg than pastures and rice,
which use two thirds of the country's trigation water for less than 20% of the farm ate
value. Cotton produces 35% of itfigation export income from 9% of the water.

These facts are important, not pntriaiily in order to defend the indust , but rather to
provide a plaitonn from which to ask and answer the questions: Gould the industry do
more with the water it uses? Are there gains to be made? To answer this we need to
take a closer look to at production per meg. Is 1.12 bales per meg of ini tion water a
good outcome? Its donnar value puts cotton ahead of itfigated pastures and rice, but
behind horticulture and sugar, internis of value of production er me . One van
averaged 1.8 bales per meg, and achieved 2.22 bales per meg in one year. Is tints the
benchmark against which to assess the industry, and for which we should be striviii ?
These questions binig us to the topic of Water Use Etliciency (\KILTE).
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Crop

Pastures

Horticulture

Rice

Cotton

Sugar

8.25

7.05

12.31

7.00

7.69

WATERUSE EFFICIENCY

WUE, like sustainability and U'M, means different things to different pe0 16, not least
to gi'owers, to engineers, to agonorriists and to physiologists. Like sustainability and
ERM it is in danger of becoining meaningless by careless use. Unlike sustainability and
PM, \\/UE can be precisely mathen^ticamy defined. NIOreoverit can be calculated '
different ways, depending on how water inputis assessed. It is CTuciaL not only to
define it precisely, but to use the right definition for the purpose, ifwe are to assess and
unprove our practices. Different definitions are a source of confusion and it is not
pedantic to be precise, otheiwise we may not be comparing like with like.
Production per meg of irrigation water, which averaged 1.12 bales for the indust , is a
simple estimate ofWUE. Nthougli increasing bales per meg of irrigation water is the
ultimate aim, this definition of WUE is too simplistic to evaluate industry ractices



does nottake rattan or water stored in the profile into account, nor does it separate the
engineering and agi'oriontic aspects. Engineeting factors determine how much of the
water received at the fann gate is used by the crop. Losses between farm gate and crop
plant consist of evaporation and seepage from storages and channels, and deep
drainage in the field, and are strongly influenced by the design and operation of the
inigation system. On the other hand agt. oriontic factors determine what the crop
produces with the water it uses. It is crucial to separate the engineering and agrononxic
components ifWUE is to be properly assessed and improved. Withouttliis separation,
and without taking rattan into account, it is impossible to deterrime whether low
WUE is an engineeting or an agi'oriontic problem, or due to weather, or anthree.

Coin orientsof UE

The engineethig component of WUE is the percentage of water input (from all
sources) actusmy used by the crop, and is referred to as inigation efficiency (us). The
agonorntc componentis crop water use efficiency (C\\/UE), and is the production of
hat per mitt of water used by the crop. Thus:
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Irrigation efficiency

water used by crop

The tenns used in these calculations also need deftiiiig: water inputs and water used.

Water inputs. Water inputs include not only inigation water, for which the gi. ower
accounts to the relevant agency, but also water in the soil prome at the start of the
season and rainfall. NITaiiifallshould be included. Ligl'It fans should not be
discounted as ineffective, everiifthey only wetleaves and the soilsuiface, and do not
register in the probe reading. Energy is smiteeded to evaporate that water, and cannot
then be used again to draw water from the soil profile. Such falls therefore substitute
for water from the profile, and constitute watersaved.

As it is mandatory in NSW, and recommended in Queensland, that no rainwater run-
off (stomi water)leaves the farm, no allowance is made for run-off that results from
heavy falls. in is then meanuntig the effectiveness of the irrigation system in harvesting
rattan run-off as well as in handling ittigation inputs.

Water inputs to fami. .......... inigation water + rainfall + soil water

Agronomic water use efficiency

IE

CWUE

water used by crop

Water used b the cro - Eva otrans irution. Crops use water for evapotranspiration
(ET). This is the process in which water is evaporated from leaves (trailspiration) and
from the soilsurface to dissipate heat in order to keep the crop cool. ET is pmriaiily a
meteorological or aimospheric process driven by solar energy, and modulated under
some conditions by the plant or the son. Thus it is a physical rather than a biological
process. The amount of energy received at the outer boundary of the aimosphere is
constant. The fraction that reaches the crop surface and is used in ET is determined by
meteorological conditions and can be measured. in additional source of energy is
advection, which is solar energy received indirectly from another location coning in hot
dry winds, and can also be measured.

ET is thus an environmental demand that has to be met if the crop is to function
urnmpaired by heatstress. ET is estimated either by calculating the energy available for

water inputto farm

cotton produced



evaporation or by the accumulative changes in soil water for the season. These
methods are robust and consistent with one another. Thus:

Water used by tie crop ET energy used in evaporation + transpiration

water removed from soil

A typical seasonal value for a cotton crop is 750nrrn or 7.5 megs per ha, with a ran e
of 6.5 to 8.5 megs.

Irrigation Efficiency
Irrigation efficiency of cotton, andresearchinto it, has not received the atre ti d t
it until recently. The available inforrnation is presented in Table 2 from situ t'
where both ET and water inputs have been measured. The avera e for the 1980 d
90s is 75% (excluding 2 aberrant points), and experience Golfnms that this is
achievable when water is not stored for long periods in on-fann stora e, and
suggested as a provisional benchmark.

Table 2: Estimates offarm irrigation efficiency
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Cull eta1, 981b
Whole Namoi valley

Cull eta1, 986
I Farrn in Gaydir Valley

Hearn eta1,997
I Farm in Namoi Valley

I Farm in Gaydir Valley

197576

42%

I Fami on the Darling

Sititth at o1(1982) and Dawson (1997) report that ER of surface inigation in Australia
and overseas averages from 30 to 50%, sometimes faithig as low as 10%. Clearl
cotton on grey cracking clays is achieving far greater in than these reports.
irrigation efficiency (in) as defined measures whole fann itfigation 6thGionc , and
indicates the magnitude of the losses in the system without indicatin how or where
they occur. in can be partitioned into conveyanciiig, storage and application ohioienc .

Application Efficiency
The application efficiency is the percentage of the water delivered to the field that '
available tilthesoilforET. The importantcomponentof lossis des drama b d
the root zone. It has been measured in whole orpart using a number of techni ues, and
the results are su, lullaiised in Table 3. Drainage losses are sinam in most cases, though
there are exceptions. Ifit is assumed on the basis of fann 6thcienc that tailwater is
recycled with 7596 efficiency, unrecoverable losses from drama e and run- firth
mountt0 3%, giving an effective application efficiency of 97%.
in genera^ apart from the exceptions about which more infonnation is needed in order
to identify litgliiisk soils, application efficiency is litgli on the gi. ey cracking cla s on
which 90% of cotton is grown in Australia. High application efficiency is a result of
the low sanmated hydraulic conductivity of these veinsols, multing drain e to sinnm

198586

75%

1975-77

32%

1991.92

80%

198389

73%

1977-78

54%

1994-95

85%

1992.93

92%

1989.90

30%

1995-96

71%

1993-94

68%

1990.91

68%

1994-95

25%

1991-92

85%

1995-96

53%



amounts. Tilts feature led Farbrother (1972) to describe sirntlar ventsols in the Sudan
Genta as self-regulating for surface inigation, as the amount of water entering the
profile is dotennined by the depth and amount of water extracted by the crop, so that
the soiltakes no more and no less water than is needed to restore it to the upper mint,
leaving additional water to run-offand be recycled.

Table 3: Application efficiency of furrow irrigation of cotton, on grey cacking clay
unless other wise stated

Mason stall98o

Namoi

Perda or erirri ation
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Yule & Keefer, 984

Emerald

1983-84

Douglas etaJ, 998
Namoi

1995-96

per day during irrigation

mean of 5 irrigations
mean of 2 irrigations
mean of 2 irri ations

Applied Runoff Drainage Application
mm mm mm efficienc(a)

Willis stall997

Macquarie
1992-93

2nd irrigation
3rd irrigation

Per season

Triantafilis at at ,998

Gwydir

80

to6

142

Conveyancing and Storage Efficiency
it overall fann efficiency is 75% and application efficiency is 979'0, then most losses
must occur in on-farm convey'anCG and storage. The industry is aware of losses duntig
on-fann storage, which are of particular concern in regions where gi. owers depend on
harvesting and storage of water from off allocation and unregulated flows. Sainty &
Scott (1996) at the last Conference reviewed a number of studies of methods of
reducing evaporative losses. Mono-molecular chenitcallilrns were proposed many
years ago but in trials wind and waves break up the flints making them ineffective.
Computer studies of windbreaks of trees are not prorntsirig. Sainty & Scott (1996)
report that floating plastic covered rings show potential in reducing evaporation losses
by up to 65% giving a payback period of3 years. Further testing is being done.

1.10 research or data is available on conveyancing efficiency. CRDC 11as recently
conmiissioned a project to rectify tilts, and in the last issue of the AUStr@"Qn Cotton
Grower Stoven Raines described the work started in this project which includes
developing fanner friendly devices to measure efficiency in the distribution system.

9.5

I3.7

15.6

Red-brown earth

I .3

94

82

Saturated

conductivity
min/d

2. I251184

1184 34/0227 2.9t0 19.2Prior stream channel
Note:(a) calculated assuming runoR Is recirculated with 75% eMciency

nil

n i!

nil

2.4

6.4

Applied Drainage
minmin

incl. rain

97.0%

96.8%

97.3%

0.51

0.36

2.04

1.02

758

630

97.2%

96.8%

67 to 236

104 to ,45

Drainage
%

8 to 31

17 to 23



Crop Water Use Efficiency
The second component of \;!/UE, crop water use e^ticierIcy, is calculated by dividing
yield by ET in ,, uii or megs per ha, and expressed either as kg per null or bales per
meg. Some results from research and coriumercialproduction are given in Table 4.

Table 4: Agronomic water use efficiency in experiments and on farms (kg per mm of ET).

Cull eta1198, a

Experiments in Namoi valley(a)

Bourne 1988

Queensland (a)

Hodgson eta1,990

Experiments in Namoi valley
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Cull & Robson 1994

Industry wide data. base

Hearn eta11997

I Farm in NamoiValley

197577

3.7

Daiby

2.60

I Fann in Gaydir Valley

1983.84

2.29

South Burnett

2.98

I Farm on the Darling

Note: (a) calculated as slope of yield plotted against ET

When coinpating regions or countries, differences in WUE may reflect differences
climate rather than differences in efficiency of agi. orionitc technology. A desert
environment like Anzoria has very high advection and very bigliET, giving a relatively
low value of 1.32 kg perilun for CWUE whereaslsraelhasvalues of 3.7 kg pornrrn.

The CumE data in Table 4 average 1.33 bales per meg (3 kg per mm), which
compares well with data from other countries with sirnilar climates (see Heam 1995b,
Heam at all997) and provides a reasonable provisional benchmark.

3.08

198485

2.39

1991.92

3.63

Bitoela

2.68

198889

2.93

1985.86

2.48

199495

2.61

1992-93

2.58

Assessment of Current Commercial Practice

This review of WUE of Australian cotton crops has provided provisional benchmarks
for irrigation efficiency and agr. oriontic water use efficiency, as fomows:

Irrigation efficiency 75%IE

Crop water use efficiency. CWUE 4.33 bales per meg

The benchmarks were derived from farrns, and are therefore achievable conrrnercially.
However ET is not yet widely measured in Australian cotton crops. in order to assess
the pertonnance of the industry, in and C\AruE can be combined to give a benchmark
for gross water use efficiency (G\\/UE), thus:

198990

2.64

1986.87

I. 91

1995-96

2.55

199394

3.09

1990-91

2.66

1994-95

5.27

1991-92

2.97

199596

2.64

Gross water use efficiency GWUE
cotton produced

water input to farm

IE * CWUE

I bale per meg



GWUE therefore differs from the simple irrigation water use GEticierIcy (production per
meg of inigation water) because it takes rainfallirito account.

Assessment of the Industry
in order to detenrime the gross water use efficiency of the industry, taintall was taken
into account by calculating the amount of cotton produced in each region, in excess of
what would have been produced from rattan alone had the crop not been irrigated.
This amountis then divided by the inigation water input. The amountthat would have
bean produced from rattan alone was estimated from the drylanid yields for the region.

The average for the industry was 0.77 bales per meg, which it is valid to compare with
the benchmark of I bale per meg. This means that on average the industry only
achieved 77% of the benchmark. However gi'OSs water use efficiency increased from
0.55 bales per meg before the drouglitto 1.14 bales per meg when the drouglit was
severest, which means the industry reached the bench mark when supplies were
severely restricted but achieved onlyjust over halfthe benchmark with fullallocations.

Looking at the data another way, 84% of the yearly values for regions were below the
benchmark, and 34% were less than half the bench mark. When the regional meatus
were exarrtined, the Gwydir valley exceed the benchmark, Macquarie valley and the
Darting Downs were close to i^ while the Namoi and Macirityre valleys, Bitoela and
Emerald onlyjust exceed 50% of the benchmark. Some regions could not be assessed
because dryland production was not sufficientto estimate the amounttl, at would have
been produced from rainfall alone

Assessment of Farms

Data was collected from 11 ramis for two to five seasons in four regions as part of the
study described by Heam at o1(1997). Gross WUE forthese fartns was calculated by
dividing production by the total water input, irrigation plus rattan. When the
individual years for fanns are examined, 79% were below the benchmark, and 16%
were lessthan halfthe bench mark, and these farms were a better than average sample.

Conclusiono Benchmaking
The large percentages offanns and regions that fam below the benchmark SIIggests that
there is scope for improving WOE of itfigated cotton in Australia. The calculations do
not include waterstored msoil and depleted daring the season, which rimglit amountto
I NIIper ha. Adjusting water inputs by this amount would decrease the gloss WUE,
increasing the numbers below the benchmark. The assessment does not indicated
whether the reason for faning short of the benchmark were agi. orionitc or enginesting,
for example, evaporation and seepage losses from on-fann storages; Tallfall runo^Ernot
harvested; agi. orionxic yield depression.

Achievable Gains.

The industry used 1261 Gl of inigation water per season from 1988 to 1994. Iran tliis
water had been used for ET, at 1.33 bales per meg of ET (the CWUE benchmark), an
additional 711,947 bales per season would have been produced. At $450 per bale tilts
would have been worth $M320, or $1608 for every hectare of cotton itfigated. Put
another way, 43% of the value of the itfigation water used by the industry waslost.

Such is the challenge facing the industry, the growers and the professionals, both
engineers and agronointsts. Obviously it is not possible to achieve 100% inigation
efficiency with no loss and using animgation water for ET. But whatis achievable?
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Ifthe whole industry had achieved the gr'OSS WLIE benchmnrk of I bale per meg of
water input from 1988 to 1994, increased production would have been worth $M133
per season, or $668 for every ha (but not from every ha, as more could have been
planted), an increase of 319'0. If inigation efficiency could have bean raised above
75%, increased production would have been wonti $M7.6 a season per percentage
point, or $38 per ha. Of course farms heavily dependent on liarvestirig water and
stofuig for long periods cannot achieve litgli in, but fartns dependent on bores
conveying water short distance withoutlong tenn storage should achieve biglier us, so
that the industry as a whole should be able to achieve tits benchmark.

THEW YFORWARD

Is There a Case for Drip Irrigation?
With large losses of water between point of supply and uptake by the crop, drip
itfigation seems an obvious solution, with the possibility of delivering precisely
controlled correct amounts of water into the root zone. It is not surprising that drip
inigation is SIIggested from time to time for improving \;\IIJE, and there have been a
number of research and coriumercialdrip inigation projects overthe lasttwenty years'

The best documented work was Hodgson at a! (1990) who compared surface and
buried drip with furrow jingation for four seasons. Drip irrigation singlitly increased
yield but not enougliito pay for the litgli capital cost. It was expected that drip
inigation would increase yield by eliminating the temporary waterlogging that occurs
when the crop is irrigated; tilts did not happen. It was also expected that the buried
drip would reduce the evaporation component of ET (evaporation from the soilsuiface
whorl wet), leading to a reduction in ET; again this did not happen. Drip itfigation
increased ET by sinnlar proportion to yield so C\AIDE was not affected. These results
have been collfirnied by several colornercial ventures with drip irrigation, most of
which have been abandoned as ruleconontic.

Thereis not much room for improvement with wein managed conventional itfigation on
most gi'ey cracking clays. With whole fann efficiency at 759'0 and application
6:1:1iciency at 97% most losses are in storage and conveyance, which will not be reduced
by drip itfigation.

Some current coriumercial projects are said to be pronxisirig. It is vital to ensure that
comparisons of drip and furrow itfigation are valid. Comparisons are not valid if the
water used by furrow ittigation is measured at the fann boundary while that for drip is
measured at the field boundary, so that conveyance and storage losses are debited to
harrow but not to drip, indeed the losses for drip are debited to furrow. Funhemiore
the general agronomy of drip may be more intensiveIy managed, so that the yield
response to drip is motto the technology perse butto the better management. Beware!

Having said that, drip irrigation is undoubtedly of value on more peruieable soils, and
on soils that are margirial for conventional itfigatior, , for example on shallow soils with
decaying basalt near the surface, on steep slopes and very flat fields. filthese situations
drip can save water and raise yields to the levelofgood soils. T}lis has bean the case in
Israel where drip irrigation of cotton has been an outstanding success. Litnited
coriuiiercial experience SIIggests there is a case for drip irrigation in such situations in
Australia. in article in the last issue of the AUStr@I^^n Cotton Groruer magazine
describes the experience at Tandou where Bob Slimth says the value of drip is in
reducing waterlogging on the very flat slopes, and not in saving water. These are
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special cases and it does not apply to conventional production on most cracking gt. ey
clays.

There may be other reasons for using drip, unrelated to water use Giniciency, including
environmentally monchy distribution of nutrients, insecticides and herbicides througli
the system and saving of labour, particularly avoiding Titglit shifts.

Varieties with Improved UE
Varieties with improved WUE are advocated as a means of increasing the \AIDE of the
industry. However this strategy is being continually fomowed and achieved. Every
variety introduced in the last 30 years has had a linglier unlE, everithougli, there was
no selection specifically for that purpose and the plant's water relations are unchanged.
fits is because when yield is increase genetically it is most unlikely for ET to increase
as muon, if at all. (Incidentslly tilts is also true of most agonontic practices that in
increase yield. ) As a resultthe WUE of the industry has doubled over the lasttwenty
years;it is just another way of saving yields have doubled.

Nevertheless Wantck Stiller has a progi'am to identify genotypes with litglier
physiological \\IDE. The first outcome has confirmed the observation that early
Inariiring varieties have lower rather than Inglier CWUE, thus debunking a widely held
myth. Warnick has found some genotypes with linglier physiological WtJE, butthere
is a long way to go for these to translate into varieties with litglier CWUE. Tits has
bean the aim of several progi. arms around the world, but none has yet delivered.
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Rotations

Rotations are another perennialsuggestion for improving water use efficiency. The
rationale is that water stored dudng the fallow break after a winter crop will reduce the
inigation requirements of the following cotton crop. It is noteworthy that 4 of the 6
entrants to the 4248tr@I^^n Cotton Grinver magazine "Cotton Grower of the Year
Award" practiced a 1:1 rotation which maximtses potential for stontig water. Scott
MacCullam has combined tints with zero-till planting of the cotton crop resulting in
saving of more than 2 megs per ha of inigation water. These are lit^11y desirable
achievements, but are water conservation practices rather than \\/UE practices because
in and CWUE are unaffected. Ally yield increase from rotation wiltesult in increased
CWLIE, as will any agi'orionitc yield increase, apart from any inigation water saved.

On-Farm Assess entoflrrigation Systems.
The urgent need is for on-farm assessment of itfigations systerns, before introducing
more technology to improve \AruE, such as drip itfigatiori, varieties with litgli
physiological WUE and infra-red sensing for more precise scheduling. These
technologies are further fills tuning, and to pursue the analogy filther, the industry is
like a car with poor fuel economy. Having a tune up, or electronic fuel injection is of
little value ifth^. e is a leak in the fueltank. We need to find the leaks!

easuring WUE
The firststep is to assess the pertonnance of the systern by detenimiirig re and CWUE
and compare these with the benchmarks. Some growers have spreadsheets to budget
and account for water inputs. These could be extended to calculate us and CWUE at
the Grid of the season. Farmscape type gi'owers' participatory learning gi'oups could be
convened to share these experiences and standardise book-keeping so that valid
comparisons can be Triade. We need to make the most of data already collected.



Accounting for water inputs and detemiiritrig WUE on-farm are the Innjor part of the
CRDC WUE projectbeiiig done by Steve Miltoy and Suml Tenna1, o0n at ACRl.

Deten^Ig ET is crucial to separating the engineeting and agononitc aspects ofWUE
triorderto analyse the WOE pertorrnance of a farm rigorously. ET is a surgeon's knife
for separating the key components. There are several options for detertrimiirig ET.
Neutron Probe Services' software for itfigation sohedu^rig has an option to estimate
seasonal ET from the "total gain" calculated for the season (Cum & Finch 1994).
Alternatively ET can be calculated with data from the nearest weather station. Stations
trustslled to monitor weather conditions for spraying could be extended to collect data to
deterrime ET. Suml Tennakoon at ACRl has developed a spreadsheet progr'am to
integrate probe readings and weather data to estiinate ET.

in order to Inake a startto on-fann assessing untilET data is available assume a typical
value of 7.5 megs per ha. Tliis is a robust conservative number because ET is energy
driven and solar energy inputis constant.

Strategic Planning.
\\/ITE can be improved by strategic plantimig in the use of water supply with risk
analysis and yield probability. The fitful strategic decision is what area of crop to gi'ow
with a given supply of water, taking into account the probability of the extremely
variable rainfall to supplement itfigation. Tilts is a crucial issue in years of reduced
allocations, but itshotild also be a relevantissue every year ifWUE and reinirris per un
of itfigation water are to be madriised. Note how gross WOE increased in drollglit
years -treat every year as a drouglityear.

The OZCOT model has been used with long team weather data to evaluate these
strategies with results published in the A1, siral^^, I Cotton Gror"er from time to time
(Heam 1992, 1995a). The work of Yahya Abawi and Suml Dutta in the DPI at
Toowoomba in a project funded by the Mumay-Darting Basin Cornr^sion will
enhance such strategic plan^g by incorporating the influence of the Southern
Oscillation index (GINin0 11a Nina) on the probability of stream flows. Mike Bange at
ACRlis working on a user friendly version ofOZCOT so that growers or consultants
can customtse strategies, and plans to start Fannscape type 91'0ups.
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Co cLUDiNG REMARKS.

The topic of strategic planning returns us to one of the itittial questions: how much
water does it take to grow a successful crop? Many growers have gi. own successful
crops on 6 megs of itfigation water per ha, or less. During drouglit they have had to!
Risk analysis shows that in most regions nits supply will muxirriise WUE and returris
per un inmost seasons. kithe drier south and west 7 un may be optimum. Of course
it would be handy to have more as itusurance for a dry season, but in most seasons not
all of it would be needed, and could better be used to grow a larger area.

With ET of 750 mm 200 mm of rattan, 100 mm of water stored in the soil, and an
itfigation efficiency of 75%, the seasonal irrigation requirement is 6 un perha. Ifmore
is needed, it probably meatus that inigation efficiency is less than 759'0. For example if
9 megs is needed, then in has fallen to 62.5%. Tilts 6111phasises the need to measure
these parameters on-farrn in order to do strategic plainting with the same rigour that is
applied to tactical sohedufing. Lets fix the leaks as well as tune the Garbiirettor!



ACKNOWLEDGMENTS

I am grateful to all in the industry, particularly cotton gi'owers and colleagues, who
have provided data and shared their knowledge with me. I acknowledge and appreciate
the support of the Cotton Research and Development Corporation and CSRO.

BIBLIOGRAPHY

Bornne, IF. 1988. Cotton response 10 water on the Darling Downs. Proc. 41hAustin1,11n Cation Coqj;, Fence.
ACGRP, , Wee Waa. pp 317-325.

Cull P. 0. . Heam, AB. & Sinnli, R. C. G. 1981a Irrigation schedunng of cotton in a cmnare with uncerratii
minfi, 11. I. Crop water requirements and crop response to inigation. IFFig. Sc, '., 2:127-140

Cull P. 0. , Smith, R. CG. & MCCaffery K. 1981b. Irrigation scheduling of cotton in a chinate with uncertalri
rental. I. Development and application of a modelfor trigalion scheduling. line. Sei'., 2:127

am P. 0. & Finch A 1994. Crop management and inigation scheduling software. IP. A. Conference, May 1994
IP. i\.. Sydney. Australia

CUU P. 0. George B. & Firmey B. 1986. Whole farm imigation efficiency and water management for the 1984-85
crop at Moree. A", I. Cor. Grower, 6(4), 66-69.

Cull P. 0. & Robson D. 1994. Cotton water use el'tidency - an analysis of Australian farm data Absi, tiers.
World Colto" Rese@rch Gooference ~ I: Challenging Iheji, lure. Brisbane, Australia 14-17 Feb 1994
PIO4

Dawson N. 1997. Slim*inchle Irrigation. NPTRD LWRRDC.

Douglas. J. , FaringIer. R. & MacLeod D. . 1998. Megel, ring the components of the water balance for furrow
irrigated cotton. Proc. 161h Congress Soil Sei'., Angust 20-26, 1998, MonmeUier, Fomce

Farbrottier H. G. . 1972. Field behaviour of Genta clay under inigation. Colto" Grin". Rev. , 49:I

Hearn A B. 1992. Risk and reduced water allocations. AUS, . Cot. Grower, 13(2):50.54

Hearn A B. 1995a. Engit prices and low rainfi, 11: a recipe for fi',, err", ion or an OPPommiity for a calculated risk.
AUSt. Cor. Grower, 16(5):20.28,

Hearn AB. 1995b. The principles of cotton water relations and tileir application in niariagemerir. in: Constable.
G. A & FortesLet, N. W. BOS. Challenging Ihe iai", v. Proceedings 91 World Collo" Rere@, reh
Cony'^""ce - I. Brisbane, A, ,^,,,, Iia 14.17 Feb 1994. pp66-92.

Hearrt. AB. , CarrierOIL J. & Jackson. B. , 1997. Water use el^dency: ryou don't measure it. you can't manage
in A", t. Cor. Grower, 18(6):88-4

Hodgson A S. , Constable G. A, Duddy G. R. & DomeUS I. G. 1990. A comparison of drip and furrow inigated
cotton on a cracking clay soil: 2. Water use efficiency, water loggir^ root cosuibution and soils^rare.
fin^. Sei'., 11:143.148.

MusoTL. W. K. . Constable. OA & StintiR. G. . 1980. Irrigation for crops in a sub hornid environment. 11 Water
requirements of Soybeans. ling. . Sei'., 2:13

Salrity. G. & Scott, A, 1996. Reducing Evaporation from water storages on cotton toxins. Proc. 8th
Austinl, tm Collo" Coq!^Fence. ACGRPL. Wee Wag pp 397,101.

Smith R. G. , Meyet. W. S. . BlackwelL I. . & Mason, W. K. 1982. improving the producti\try ogimigared
agriculture. A, ,rt. Cor. Grower, October25-34.

Trialnatilis J. , Huckel A I. , & MCBra, Iley A B. 1998. Use of a mobile electromagietic sensing systern for
assessment of soil sainty and itxigatton etficiency. 161h World Congress of 8011 Sal!"ce. ,Wonipe!, hr,
A"g. 1998

Wilts, TM. , Black A, s. & Meyet, W. S. , 1997. Estimates of deep percolation beneath cotton in the Macqi^Ie
Valley. 1,718. Sell. 17:141-150.

Yule D. F. & Keelbr G. D. , 1984. Irrigation llamagement orcotton for water use efiiciericy. Proc. 2nd
Hurl, all^" Colto" Cong/'archce. ACGRPL, Wee Waa. 00 282.297.

5 2 9




