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ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

Queensland Department of Primary Industries�
Agency for Food and Fiber Sciences�s Farming Sys-
tems Institute, in association with the Australian
Cotton Cooperative Research Centre is conduct-
ing a water use efficiency (WUE) project titled �The
Cotton and Grains Adoption Program�. This is as
a component of the Queensland Department of
Natural Resources and Mines Rural Water Use Ef-
ficiency Initiative that is based on partnership with
key industry organizations.  Cotton Australia and
Agforce represent the cotton and grain industries
respectively.  The Program is targeting five major
irrigation regions in the state with the objective of
developing better irrigation WUE through the adop-
tion of irrigation best management practices (BMP).
The major beneficiaries of the program are indus-
tries, irrigators and local communities through in-
creased production and profit resulting from im-
proved WUE.  A significant additional benefit will
be improved environmental health as a conse-
quence of greatly reduced runoff of irrigation tail
water into rivers and streams and the associated
reduction of nutrient and pesticide contamination
of water. A side effect of the project is its contribu-
tion to an improved public image of the cotton
and grain industries.  The objective of this Pro-
gram is to increase, by June 2003, irrigation effi-
ciency in the cotton and grain industries by at least
10% and have 70% of growers adopting BMP
guidelines for irrigation, which are being devel-
oped during the Program. The extension method-
ology is based on the principles of participative
action learning in irrigated grower groups and the
implementation of field trials and demonstrations
to evaluate and adapt improved technologies and
practices that contribute to better WUE.  This pa-
per highlights some of the progress made by the
project, which will be completed in June 2003.

IntroductionIntroductionIntroductionIntroductionIntroduction

Australian cotton production was 3 million bales
in the 2001/2002 season.  These were produced from
400,000 hectares of which over 90% was irrigated.
Queensland contributed about 20% of this production
(Dowling 2002). Only five percent of Australia�s sur-
face water is harvested of which irrigated agriculture
uses 70 to 80 percent.  Cotton accounts for 12% of this
use (Commonwealth of Australia 2002). Hearn (2000)
reported that, in spite of popular belief, cotton uses
less water per hectare than any other agricultural in-
dustry in Australia and produces more value per mega-

liter (ML) than any other, with the exception of horticul-
ture.

However, irrigation efficiency and water manage-
ment can be improved.  Therefore a number of projects
are being conducted on irrigated management tech-
niques and cropping systems (Milroy and Tennakoon,
2002).

With the growing concerns for adequate water
availability, and possible discharge of contaminated
water from irrigation activities into river systems, the
Queensland Government introduced, in 1999, a four-
year project, the Rural Water Use Efficiency Initiative
(RWUEI) (Bell 2001).  The RWUEI is a partnership be-
tween industry and government and involves the cot-
ton, grains, sugar, fruit and vegetable plus dairy and
pasture industries.

The program is also most appropriate at this time
because of the emerging salinity threat to agricultural
land. Triantafilis (2002) reported that general improve-
ments in salinity control could be made from maximiz-
ing on-farm irrigation efficiency.  Hood (2002) described
WUE, in irrigated agriculture, as maximizing the re-
turns and minimizing the environmental impacts for
every ML of water used for irrigation purposes.

Queensland�s Department of Primary Industries�
(QDPI) Agency for Food and Fiber Sciences�, Farming
Systems Institute and the Australian Cotton Coopera-
tive Research Centre, is undertaking the �Cotton and
Grains Adoption Program� within the irrigated cotton
and grains industries as part of the RWUEI.  The project
is being conducted in cooperation with the Department
of Natural Resources and Mines (DNR&M) that is pro-
viding funds through its RWUEI (Bell 2001).

The objective of this Adoption Program is to in-
crease, by June 2003, irrigation efficiency in the cotton
and grain industries by at least 10% and have 70% of
growers adopting BMP guidelines for irrigation, which
are being developed during the Program.  The Pro-
gram has industry ownership through Cotton Australia
and AgForce and is administered through the Austra-
lian Cotton Cooperative Research Centre (CRC) at
Narrabri. It is being supervised by and takes direction
from a consultative committee with grower leadership
and has representatives from all stakeholders includ-
ing: irrigators, consultants, agribusiness, the Australian
Cotton CRC, QDPI Farming Systems Institute, DNR&M,
Cotton Research and Development Corporation, the
Australian Cotton Growers Research Association,
AgForce and The National Centre for Engineering in
Agriculture.

Experimental procedureExperimental procedureExperimental procedureExperimental procedureExperimental procedure

A coordinator leads a team consisting of four
Development Extension officers and a technical officer.
They are located at Emerald, Biloela, Dalby,
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Goondiwindi and St George, which are centers for the
key, irrigated cotton regions of the state (Figure 1).  This
team is implementing an industry wide participatory
extension program working with the QDPI, Farming
Systems Institute and The Australian Cotton CRC ex-
tension groups and grower committees.

The program is being achieved by:
1. Conducting a stock take of irrigation water use for

irrigated cotton and grain crops in each of the
Queensland�s irrigation regions to:

� Identify irrigated cotton and grain growers.
� Identify WUE under current management systems

and crops in each region.
� Define WUE targets by crops and regions.
� Identify constraints to improving WUE through the

on farm studies and reviews of available informa-
tion and identify opportunities to improve WUE and
technologies for development.

� Determine appropriate communication systems.
� Establish survey techniques for project evaluation

to measure continuing change in WUE benchmarks,
production and environmental impact.

2. Coordinating the activities of regional management
groups representative of all stakeholders to priori-
tize issues and opportunities to improve WUE and
develop policy and plans for adoption programs in
each region.

3. Forming grower groups for each of at least four
farm trial/demonstration sites per region with grow-
ers participating in the planning, management,
implementation and review of each site in a par-
ticipatory learning process.

4. Establishing a benchmarking extension develop-
ment program in each of the regions by conduct-
ing detailed crop water use studies in grain and
cotton on four farms per region.

5. Providing induction and training programs for irri-
gation Development Extension Officers who are co-
ordinating the farm benchmarking development
sites.

6. Implementing an education program for growers
which includes:

� Developing an awareness of water management
issues.

� Contributing information to and assisting with the
development of a Land and Water module for the
cotton industry BMP Manual which will be appli-
cable to both the cotton and grain industries.

� Developing, demonstrating and promoting the
implementation of the water monitoring systems on
farm using simple practical methods and devices.

� Collaborating with the sugar, fruit and vegetable,
dairy industries, agribusiness and training groups
to develop and deliver training programs.

7. Establishing an annual award system which pro-
vides incentives and opportunities to improve WUE
and which recognizes individual achievements or
initiatives that have led to improved WUE.

8. Conducting benchmarking surveys at strategic times
during the project to evaluate performance and out-

comes.

In each region, RWUEI extension officers have
established grower groups to assist in providing local
input into the specific objectives of extension and dem-
onstration activities.  The groups also assist in develop-
ing growers� perceptions of ownership of the work. Ac-
tivities are based around at least four on-farm demon-
stration sites in each region, where irrigation manage-
ment principles, determined from past research, and
equipment are demonstrated.  A key theme of the pro-
gram is monitoring water use.  This is applied both to
on-farm storage and distribution and to application
methods and in-field management.

Up to twenty-nine demonstration or trial
(benchmarking) sites have been established each year.
Crops involved are: cotton, peanuts, navy beans, bar-
ley, soybeans and maize. Irrigation systems included:
furrow, center pivot, subsurface drip, side-roll sprays,
traveling gun and gated pipe delivery. In addition, tri-
als were established to investigate the control of evapo-
ration and seepage from farm storages, soil character-
ization for water holding capacity, and the use of
polyacrylamides in sediment control and water pen-
etration.

The implementation of the adoption of new irri-
gation technologies is being assisted by a Financial In-
centives Scheme that partly reimburses growers for their
purchase of equipment, which will contribute to im-
proved WUE.

Progress and DiscussionProgress and DiscussionProgress and DiscussionProgress and DiscussionProgress and Discussion

The Stock take Report (Goyne et al., 2000), com-
pleted in 2000, was based on a broad range of farm
data from various sources.  Difficulties experienced in
compiling stock take were similar to those of a previ-
ous cotton stock take as reported by Hearn (CRDC
1997), the main one being the lack of measured data.
Data for irrigated grains were also very limited.

A number of indices are being used to determine
efficiency gains made during the course of the project.
These are described in Table 1.  Efficiencies for the cot-
ton industry are shown in Table 2 and, in spite of the
limited data, the results were very similar to those ob-
tained in Hearn�s (CRDC 1997) report.

The Crop Water Use Efficiency (CWUE) mean of
1.16 bales/Ml appears to be a reasonable estimate
when compared with 1.3 bales/Ml reported by Hearn
(CRDC 1997) and 1.0 bales/Ml (Hogson et al., 1990)
from Australian research (gravimetric estimates that ac-
counted for the surface layers).  Hearn also cited val-
ues of 1.36 (Cull and Robson, 1994), which he thought
could be an overestimate (because it was based on
neutron probe readings which ignored the surface lay-
ers).
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The mean WUE in the Stocktake Report, for all
cotton data obtained from crop competition informa-
tion was 1.18  (range 0.8-1.5). Combining all reported
data gave an average CWUE for Queensland cotton
of 1.17.

However the Irrigation Efficiency (IE) estimate of
56% in the Stocktake Report is low compared with
Hearn�s (1997) average of 75%, which he reported as
a figure accepted by engineers and assumed through-
out the cotton industry.

Regional information on CWUE and IE for the
irrigated grains industry was not available, but Table 3
indicates some typical water use efficiencies for
Queensland crops.

Gibb (1996) reported CWUEs, which were greatly
in variance with those in Table 3, his values being much
lower, but he did not reveal the origin of his data.

The Stocktake Report also included a short sur-
vey of irrigators.  Some conclusions from this survey
were:
� Most common crops grown under irrigation were

cotton and wheat. Other crops of note were navy
bean and pigeon pea in Emerald; maize, sorghum,
soybean and sunflower in the Macintyre Valley; pea-
nuts in St George; maize, sorghum and sunflower
in the Callide/Dawson; maize and sorghum on the
Darling Downs.

� Most irrigators used some irrigation scheduling
method, the most common being neutron probes
and enviroscans.  However, a significant number
of growers relied on their consultant for irrigation
advice or just guessed when water was required.

� Most considered water losses from storage as im-
portant.

� Most considered improvements in WUE could be
made through attention to storages, improved man-
agement and scheduling.

� The most preferred information transfer mechanism
was via field days and demonstrations.

The extension process of working with grower
groups has been most effective particularly with the
planning, implementation, management and analysis
of the field trials and demonstrations.  The extension
officer have developed strong working partnerships with
growers, consultants and agribusiness advisers ensur-
ing ownership of all participants in the outcomes and
have gained the confidence of growers.

As a result of the project, an increasing number
of irrigators are now achieving irrigation efficiencies
well in advance of the state benchmarks presented in
the Stocktake Report.  These efficiency gains indicate
that the 10% target increase in efficiency set for the
Program is being achieved and in many cases exceeded
(Table 2).  The results are showing a gradual improve-
ment in all WUE indices across the state. The ranges

indicate that improvements beyond the 10 percent ob-
jective can be achieved.  The management practices
that have resulted in these trends represent real and
practical opportunities for growers to improve their
WUE.

Case studiesCase studiesCase studiesCase studiesCase studies
Case studies are being used to highlight changes

in practices that have been implemented through the
application of new technology and skills identified by
the Program.  They are being used to illustrate the pos-
sible gains that can be made through improving WUE.
The following examples provide evidence of the
progress of the project in the irrigation regions and the
interest now being shown by growers.

Measurement is critical toMeasurement is critical toMeasurement is critical toMeasurement is critical toMeasurement is critical to
irrigation managementirrigation managementirrigation managementirrigation managementirrigation management

The greatest opportunity for water saving is with
measurement.  Through measurement, the trial site co-
operators have investigated various management op-
tions and set targets for improvement.  Irrigation sched-
uling tools are also now being well utilized to effec-
tively time irrigations, but they are yet to be used to
their full potential.  If these tools are correctly calibrated
they can be used to show the irrigator how much water
needs to be applied in each irrigation.  Monitoring of
siphon flow rates has shown that currently irrigators
are on average applying three times the amount re-
quired and that not all the excess is being recycled as
tail water.  The program team is endeavoring to rectify
these issues.  The following case study highlights the
importance of measurement.  A cotton growing opera-
tion has been a benchmarking site for the Cotton and
Grains Adoption Program for the past two seasons.  The
grower was able to use the information being gener-
ated from the meters and soil moisture monitoring de-
vices that were installed in the irrigation inlets, outlets,
siphons and furrows.  This information was used to im-
prove WUE on the property.  After pre-irrigation the
meter results prompted a discussion about crop water-
logging and how irrigations can be managed to mini-
mize it.  One day�s water-logging stress was found to
be more damaging than one day of stress from limited
water.  Waterlogging from irrigation can be reduced
by minimizing the time that water is ponded in the fur-
rows.  Water should only be on the field long enough
for the soil moisture profile to be replenished thus mini-
mizing water-logging or excessive drainage beyond the
root zone.  Matching siphon flows and shift duration
with the required volume of water, run lengths and slope
of the furrows will achieve this. It seemed that an opti-
mum strategy for the grower would be to increase flow
rates and reduce the shift times by about a quarter.
Capacitance probe soil moisture data indicated that
after the initial irrigation, there was a period of three
days when plants were not extracting water. It was ex-
plained to the grower that this was the result of water-
logging.  This prompted the grower to recall the dis-
cussion on how to minimize it.  He commenced to imple-
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ment the strategy so the period of waterlogging was
reduced by two thirds in the subsequent irrigations.
Over an entire season this crop was subject to only 13
days of post irrigation waterlogging via this manage-
ment strategy, as opposed to 33 days if the original
management system was maintained.  Water was
saved, runoff reduced and yield increased.

Meters are critical to better waterMeters are critical to better waterMeters are critical to better waterMeters are critical to better waterMeters are critical to better water
managementmanagementmanagementmanagementmanagement

A cotton grower was encouraged to install meters
in the head ditch and tail drain of one field on his farm.
Initial results revealed that half the water being deliv-
ered to the field had to be re-lifted as tail water.  The
grower was able to confirm this using data on changes
in his dam water level.  He realized that recycling and
desilting costs were excessive and distribution losses
were potentially high.   Concerned with the economics
of his operation, the grower changed the irrigation
management to minimize tailwater by running the si-
phons for less time and rearranging shifts.  The results,
in Table 4, show a substantial increase in Application
Efficiency (AE) and a decrease in tailwater.  In the fol-
lowing season meters were installed on the farm�s dis-
tribution system.  Some comprehensive metering on
siphons and furrows was also carried out.  In addition,
capacitance probes were used to monitor soil mois-
ture.  The distribution system showed minimal losses.
This was what the grower believed to be the case from
his knowledge of the soil type and his monitoring of
water use from the differences in dam water levels.  The
furrow irrigation simulation model SIRMOD (Utah State
University, 1999) was run and showed that deep drain-
age was also minimal, but water-logging was exces-
sive. The grower reached the following conclusions:
� Irrigations need to be applied quicker over shorter

shift intervals in order to optimize irrigation efficien-
cies.

� Capacitance probe data showed that different fields
will need to be irrigated at different times because
of differences in soil type and therefore plant avail-
able water and rooting depths.

� Irrigations efficiencies could be improved if in-flows
could be increased and shift durations shortened
further.

A plan has now been developed for next season:
� Fields will be watered with higher in-flows and at

half the current duration.
� Irrigation will be carried out on a �needs basis�

rather than the traditional �in sequence� based on
one neutron probe in the first field.

The grower made such decisions in direct re-
sponse to the information generated from the meters
and soil moisture monitoring equipment that the WUE
team member encouraged him to install.

Evaporation and seepageEvaporation and seepageEvaporation and seepageEvaporation and seepageEvaporation and seepage
mitigationmitigationmitigationmitigationmitigation

Dam evaporation and seepage losses have been
identified as being high (up to 8Ml/ha and 13Ml/ha
respectively) in some regions, so present opportunities
for water savings.  Irrigators in the Emerald and St
George regions have been attempting to use covers in
order to reduce evaporation losses from farm dams.
The Emerald trial results presented in Table 5 showed
they were effective at mitigating evaporation, but the St
George trial (4 ha in area) has shown that the com-
mercial large-scale installation of dam covers is diffi-
cult (Hood, 2002).  Strategies to reduce seepage losses
are also under investigation in the Emerald region.
Table 5 shows that both lining and bentonite are effec-
tive strategies to reduce water losses.  A major out-
come of the Emerald trial is that growers need to moni-
tor both evaporation and seepage before a strategy
for either is implemented (Hood, 2002).

Progress to dateProgress to dateProgress to dateProgress to dateProgress to date

The program is achieving very significant out-
comes towards the better management of irrigation
water in both the cotton and grain industries. These
include:
� Awareness and participation in the program ex-

ceeded 75% of growers (the target for 2001/2002)
by August 2001 and is now estimated to be greater
than 80% in some regions.

� A survey conducted in August 2001 indicated that
78% of cotton irrigators had become involved in
BMP.

� An increasing number of irrigators are now achiev-
ing irrigation efficiencies well in advance of the State
benchmarks determined at the commencement of
the Program.

� Results indicate a gradual improvement in all water
use indices across the state.  The management prac-
tices that have resulted in these trends represent
real and practical opportunities for growers to im-
prove their WUE.

� Monitoring of siphon flow rates has shown that cur-
rently irrigators are applying up to three times the
amount required and that not all the excess is be-
ing recycled as tail water.  This leads to excessive
runoff.

� Evaporation and seepage mitigation strategies
present opportunities for water savings.

Program evaluationProgram evaluationProgram evaluationProgram evaluationProgram evaluation

The economic, environmental and social ben-
efits of the program are being monitored.  The impact
of the program is to be evaluated in relation to its influ-
ence on improvement in WUE, irrigators movement to
BMP, and their awareness of and participation in the
Program.

An independent evaluator carried out a mid-term
evaluation of the Program�s performance in Septem-
ber 2001 and a final evaluation will be made on
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completion of the Program (Barraclough & Co. 2000).

The mid-term evaluation:
� Reported outcomes against agreed measures and

targets
� Reviewed the effectiveness and rigor of the data

collection processes
� Reported on suitability of the measures used to

evaluate performance
� Recommended changes to the evaluation plans
� Recommended any necessary changes to the Adop-

tion Program
� Highlighted areas where performance has been

exceptional and indicated actions that could flow
from these success areas

� Identified poor performance areas and suggested
actions to correct or cease these activities

At the final evaluation the evaluator will:
� Report outcomes and outputs against agreed mea-

sures and targets
� Report on accuracy of the data
� Using the data accumulated, undertake a benefit/

cost analysis of the program
� Report on reasons for successes and failures
� Provide recommendations for future actions to im-

prove performance in WUE

ConclusionsConclusionsConclusionsConclusionsConclusions

Irrigators are now becoming increasingly con-
scious of the relationship between their industry�s eco-
nomic sustainability and its impact on the environment.
BMP guidelines are being developed and applied and
they are assisting in the elimination of runoff of any
waters that may have high nutrient, chemical or turbid-
ity levels.

The irrigated cotton industry relies mainly on fur-
row irrigation.  There are a number of opportunities for
efficiency gains with this system.  The Program team is
encouraging irrigators to focus on the precision of their
application of water.  Many are now using scheduling
tools to determine when and how much water to apply
and so deliver to the root zone exactly what the crop
requires.  There is now also an increased use of water
meters.  The tools and meters assist in minimizing or
eliminating runoff from the fields and drainage losses
beyond the root zone, thus preventing the development
of salinity.

Although the Program has been in place only
since 1999 the Cotton and Grains Adoption Program
team is making real progress in influencing irrigators
to become more aware of their water use and assisting
them in making those management changes which will
enhance irrigation efficiency.

Irrigators in both the cotton and grains industries
are now highly motivated to proceed with management

changes that have been identified by the Program and
which will increase irrigation efficiency, but they need
continued guidance and assistance to maintain this
motivation and implement their new management
goals.  Funds are currently being sought to take the
Program beyond June 2003 so that irrigators can be
assisted in their continued efforts to improve irrigation
efficiency and water management.
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TTTTTable 1.able 1.able 1.able 1.able 1. Indices being used to determine gains in efficiency.

TTTTTable 2.able 2.able 2.able 2.able 2. Averages and range of water use efficiency indices across Queensland irrigation regions.
Range is in parentheses.
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Figure 1.Figure 1.Figure 1.Figure 1.Figure 1.
Australian
cotton growing
regions.

TTTTTable 3.able 3.able 3.able 3.able 3. CWUE for various grain crops in Queensland.

TTTTTable 4.able 4.able 4.able 4.able 4. A management change results in better application efficiency and halves tailwater volumes
and therefore reduces tailwater losses.

TTTTTable 5.able 5.able 5.able 5.able 5. Expected losses from a 220 ML Dam (5.4 ha) at Emerald under a range of treatments based
on a small-scale trial adjacent to the dam.




