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1. Introduction

The Burdekin region in North Queensland is one of Australia’s $aiayal most productive
sugarcane growing areas. The Burdekin region is class#iduealry tropics with an average
rainfall of 1000mm. 75% of the average rainfall occurs duringvétteseason from

December — March. The rainfall is highly variable and theeepronounced dry season from
June — October. This means that crops must been grown undeidatiom to maximize
yields.

In the Burdekin sugar industry, improved irrigation managementnigamental in the
transition toward improved farming systems. Currently, therntgjof fields in the
Burdekin have been designed with low gradients for furrow irrigatidruoit sugarcane
crops. Furrow irrigation generally has greater losses @mnwsddiment and agrichemicals,
and can inhibit system changes, such as moving to Green CaheBlaaketing. Adoption
of alternative irrigation systems in the Burdekin has beenddrdue to farm shapes, farm
size, cost of system change, running costs and the cost ofrognfgaintenance.

Currently there is little confidence that irrigation systenmeothan furrow will deliver high
yielding crops in a time and cost-effective manner. Overleagtessure (OHLP) and sub-
surface trickle irrigation systems allow environmentally &fit management practices (such
as GCTB, fallow legumes and best practice nutrient managemeéntrigation scheduling)
and would be welcomed by all stakeholders (irrigators, mildiRVl groups, Government,
etc) if shown to be economically feasible and practical.

At present there is increased pressure on the Burdekin sugaryradustprove water

guality leaving farms, reduce groundwater accession, improve marseagement and move
towards the cessation of pre and post harvest burning. To makéaignifnprovements to
all of these aspects of the sugar farming system, imigatlystems may need to be converted
from furrow irrigation to an alternative irrigation system.

The aim of this project, Evaluating Alternative Irrigation oGreener Future, is to assess the
potential of OHLP irrigation systems as an alternative to fuirogation.



2. Aims and Objectives

This project aims to establish a greater understanding obgte and benefits of moving
from furrow irrigation to OHLP. The project aims to assaternative irrigation systems
with a view to addressing the following issues:

Water use efficiency

Nutrients and pesticides in runoff

Rising groundwater levels under the irrigation area

The potential for green cane harvesting and trash blanketing

The objectives of this project are to evaluate moving from fumagation to OHLP and
guantify the impact of the change by looking at:

Deep-drainage and surface run-off

Off-site movement of inputs such as fertiliser and pesticides

Changes in production due to more consistent ratooning after harvesossnd m
controlled management of the dry-down process prior to harvesting
Potential benefits of improved irrigation management

The costs, benefits, risks and limitations of alternative iingasystems in the
Burdekin

Ability to match crop water requirements to amount applied

The potential for furrow and OHLP to move from a Burnt systemGoegen Cane
Trash Blanket (GCTB)



3. Materials and methods

The trial was conducted on Hesp Farming Co’s Mulgrave Road keamClare, in the
Burdekin region, North Queensland. The Burdekin region is cledsaf the dry tropics with
an average rainfall of 1000mm. 75% of the average rainfall odcwirsg the wet season
from December — March. The rainfall is highly variable andetlia pronounced dry season
from June — October. Annual mean evaporation is approximately 2000imsimeans that
crops must been grown under full irrigation to maximize yieldse average maximum
temperature is 29°C and average minimum temperature is 18°C.

Two adjacent blocks with similar soil types were selectdte soils are medium cracking
clays which are sodic and alkaline at depth. One block comp8gha was furrow
irrigated according to conventional practice. The other block plasrgo two sections
comprising 21.3ha (OHLP West) and 22.5ha (OHLP East). Both sewtgresrrigated
using a Zimmatic OHLP centre fed irrigator. The eastectisecomprising 22.5ha was
burnt prior to harvest. The western section comprising 21.3 ha weesteat green and
green cane trash blanketed.

EAI Tl’lal La.yout Runoff site

Y Enviroscan site

o Lysimeter site

O Soil sampling site

Mulgrave Rd.

OHLP & BCTB
East
22.6ha Top

765 m

Figure 1. Trial Layout



3.1 OHLP setup

The Zimmatic brand OHLP irrigator was purchased by Hesp fgrroompany from IPS
Tolga and was delivered on site on tH2 af November 2006. Two semitrailer loads of
components were assembled by a three man team which took approxitnege weeks.
The 600m centre fed system comprises 12 X 48m spans and is ulirarbide (5M) to
allow for traversing a fully grown cane crop (Figure 2).

Figure 2. Zimmatic overhead low pressure irrigator

3.2 Instrumentation

Six enviroscan probes were installed with sensors at the depths3tf, 2@, 60, 80, 100 and
150cm. The enviroscans were installed in the centre of row 6, X0fiom the top and
bottom ends of the furrow, OHLP East and OHLP West blocks (Fiur@&hese are
connected with telecommunications. The enviroscans were used t@mntbeisoil moisture
profile and schedule irrigations.

Twelve deep drainage lysimeters were installed to a deptbwf tb. measure and intercept
drainage of water below the root zone. The lysimeters wetalled in nests of three at four
sites (Figures 3 and 4). At each site, a lysimeter talled in:



1. Centre of the row
2. Side of the hill
3. Centre of the furrow

This configuration gives an accurate indication of deep drainagesaihe whole row profile.
Two nests of lysimeters were installed in the furrow iregablock and one in the OHLP
East block and one in the OHLP West block (figure 1).

After each irrigation or rainfall event the deep drainage sam®es collected, measured for
volume and analysed for nitrate nitrogen and phosphate in the MAFIA lab.

Two nests of three lysimeters were also installed in thdopdapisarda drip irrigation site
for comparison purposes.

Figure 3. Sentek EnviroSCAN and lysimeter water collectiotubes
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Figure 4. Barrel lysimeter prior to installation

A San-Dimas flume was installed at the bottom end of the fuinrgyation block to measure
runoff (Figure 5). The flume was equipped with a pressure semsoeasure water flow
depth through the flume and Campbell logger to record the datar esftd irrigation the
total amount of run-off was calculated as mm/ha. The logger isas@nnected to a tipping
bucket rain gauge to record rainfall.

The MAFIA water sampling trailer was used periodically tolemil runoff samples for
nutrient and pesticide analysis.
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Figure 5.. San-Dimas flume and logger setup

An inline water meter was installed in the fluming to meatheevater applied to the furrow
block during each irrigation. The inbuilt water meter was useteasure the amount of
water applied to the OHLP block.

3.3  Soil sampling

Two soil cores were taken from each of the blocks prior to plamtitige vicinity of the
enviroscan sites. Each of the cores were described blysusayor and then split into the
following five depth increments for laboratory analysis:

- 0-15cm

- 15-30cm

- 30-60cm

- 60-100cm
- 100 - 150cm

The results are summarized in Appendix 1.



3.4 Planting

After a four month fallow, the sugarcane variety Qs planted in all three blocks on 16-
20/03/07. The cane was planted into preformed mounds using a whole stiek ptpuipped
with a double-disc opener.

3.5 Harvest

The three blocks were mechanically harvested over a two moritid ppetween 21/06/08
and 31/08/08. Unfortunately 73mm rainfall was received after theviustock was
harvested, during the harvest of the OHLP blocks. This delayexbihgletion of the OHLP
harvest and resulted in soil compaction occurring on the Western st ©OHLP East
block (Figure 6). The OHLP East block was burnt cane harvestbdheitOHLP West block
being green cane harvested (Figure 7).

Figure 6. Compacted furrows after harvest in OHLP East blok



Figure 7. Green cane harvesting OHLP West block

3.6 Soil Health

DPI&F staff have been monitoring the soil health of the trialssi These tests have been
carried out as simple field based indicators of soil health trehdslate, comparisons have
been made between the furrow irrigated and overhead irrigatesl. fidfter harvest of the
plant crop, the overhead field will be monitored in two sections (bamg and green cane
trash blanket).



4. Results and Discussion

4.1

Plant Crop Water balance

The OHLP and furrow irrigation totals and breakdowns are sumeatirzfigures 8 and 9

below.
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Figure 8. Irrigation and rainfall events for plant crop on OHL P and furrow blocks
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Figure 9. Irrigation summary for plant crop on OHLP and furrow blocks

The OHLP block received a total of 11 ML/ha of irrigation wafglieed in 41 irrigations
between 21/03/07 and 04/06/08. This represents an average of 27mm apptiggbgten.
The furrow block received a total of 21.4 ML/ha of irrigation watgplied in 21 irrigations
between 17/03/08 and 03/05/08. This represents an average of 102mm appireghpen.

An average of 5.7 ML/ha (570mm) of deep drainage was measuites furrow block
compared to 0.7 ML/ha (70mm) in the OHLP block. 3.0 ML/ha of itiogarun-off was
recorded for the furrow block. No flume was installed in tl#.B block to measure run-off,
but no irrigation induced run-off was observed to occur. All run-ofiffthe furrow block
was captured by a recycling pit, so whilst it did run-off theedw block, it was captured for
use elsewhere on the farm.

The differences in deep drainage and run-off resulted in thermgdition amounts being
much closer at 12.7 ML and 10.3 ML respectively for the furrow antdFblocks.
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4.2  Cropyield

The average crop yields and CCS for each of the furrow and OtélcRsbdre shown in

Table 1. Unfortunately, because the trial wasn't replécated the harvest of the three blocks
occurred over a two month period due to rainfall, it is difficulintzke any direct
comparisons between the three treatments. As the observedayidl@CS are all very
similar, it is unlikely there are any real differencesasen the treatments.

Table 1. Sugarcane yield and CCS at each site at harvest

Treatment Harvest Harvest Cane Yield| CCS Sugar Yield
Date Method (t/ha) (t/ha)

OHLP East | 18/07/2008 Burnt 151 15.1 22.8

OHLP West | 27/08/2008 Green 157 154 24.2

OHLP 154 15.25 235

Average

Furrow 21/06/2008 Burnt 151 15.9 24.0

The combined irrigation and yield data shows that the OHLP systetiiced 14t cane per
applied ML of irrigation compared to 7t cane per applied ML afation in the furrow
system.

4.3 Soils data

See attached Appendix 1.

4.4 Soil Health

Table 2 shows the results for samples collected by DPI&FreTas no difference in soil
bulk density between the two blocks, although a significant increasengasured in both
blocks after harvest. Labile carbon was slightly higher irfuh®w block up until harvest
then was significantly higher in the overhead block after han&atples will continue to be
measured to see if this trend continues. Nematode numberslseereamitored and there
was no significant difference between the two blocks.

As expected, the data collected does not show any significagrtettiffes after one year. As

the crop cycle continues, samples will be collected to monitploauger term changes in soil
health.
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Table 2. Soil health data for both sites

Site and Date Bulk Labile C | NO3 pH % Plant
Density | ppm ppm Parasitic
Nematodes
OHLP irrigation
Apr-07 1.12 450 4 6.9 19
Aug-07 1.12 471 5 7.42 4
Apr-08 356 5 7.37 24
Aug-08 1.25 530 5 6.55 32
Furrow
irrigation
Apr-07 1.13 468 5 6.3 10
Aug-07 1.13 496 10 6.71 8
Apr-08 384 5 7.14 25
Aug-08 1.27 460 5 6.55 29

4.5  Water quality

Table 3 shows the results for B and PQ levels in run-off samples from the furrow
block. No run-off was recorded from the OHLP blocks. The avarageentration of N@

N in run-off for the furrow block was 1.5 mg/L which equates tosa bf 4.5 kg N/ha for the
crop. It should be noted that only run-off events immediately foliguiertiliser application
were sampled for N&N. Thus it would be expected that ¥ losses in later irrigations
would be lower due to plant uptake and soil breakdown of &N@r time. PQlosses were
small, averaging 0.22 mg/L which equates to a total loss of 0.8®lba for the crop. Itis
also important to mention that all runoff from the furrow irrigaggstem is recycled and
none leaves the farm boundary.

Table 3. Summary of run-off water quality measurements for [@nt crop

Measurement Site

OHLP Furrow
Water volume (ML/ha) 0 3.0
Average N@-N concentration (ppm)| O 15#
Total N loss (kg N/ha) 0 4.5
Average PQ@concentration (ppm) 0 0.22
Total PQ loss (kg P@ha) 0 0.66

* Only run-off from irrigation events was recorded.
# Only run-off events immediately following fertilizer applica were sampled.
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All deep drainage water samples collected from the lysimetens analysed for NEN and
PQ,. The results are summarized below in Table 4. The avBi@gé&l concentration for
both blocks was 1.7 mg/L. This equates to a loss of 9.7 kg N/taeféurrow irrigated
block but only 1.2 kg N/ha for the OHLP. This difference is duthé¢ volume of water lost
to deep drainage on each block. The OHLP only lost 0.7 ML/ha to deapgiaresulting

in only a small amount of N&N lost, whereas the furrow irrigated block lost a largeam
of NOs-N due to the excessive loss of water to deep drainage. This sheignificant
environmental benefit with the OHLP irrigation system,R8ses from both systems were
low with only 0.07 kg P@ha lost to deep drainage in the OHLP block compared to 0.57 kg
PQOw/ha on the furrow block. This shows an 8 fold difference in nutreessigls between
irrigation methods, although both levels are low.

Table 4. Summary of lysimeter deep drainage water quality nasurements for plant

crop
Measurement Site

OHLP Furrow
Water volume (ML/ha) 0.7 5.7
Average NQ-N concentration (ppm)| 1.7 1.7
Total N loss (kg N/ha) 1.2 9.7
Average PQconcentration (ppm) 0.1 0.1
Total PQ loss (kg P@ha) 0.07 0.57

4.6 Economic analysis

A preliminary economic analysis was undertaken to determinatioigcosts and gross
margins of each farming system treatment. Paddock recemsmaintained over the course
of the project to ensure the economic data collected refldueattual operations in the
field. The data collected included income, variable costs, fingts and capital investment
for each farming system. Fallow and plant cane gross margiresdeveloped for each
farming system treatment, however further information (rateme clata) will be required in
order to complete a full investment analysis. Appendix 5 contaiosnation on the fixed
costs and capital investment required for each irrigation syaeimvill be included in the

full investment analysis.

Table 5 displays the irrigation variable costs for the OHLPfamdw irrigation system. The

OHLP system has considerably higher energy costs due to usiefatiegared to lower
cost of electricity in the furrow irrigation system.
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Table 5. Irrigation variable costs

Irrigation System Details Oyerhead Eurrqw
Irrigation Irrigation
Main Pumping Costs
Flow Rate (ML/hr) 0.737 0.340
Energy Consumption
- Diesel Cost ($/hr) $1.10/L @ 14.7L/hr 16.17
- Qil Cost ($/hr) 0.33
- Electricity Cost ($/hr) 0.356
R&M ($/hr) (pump only) 0.22 0.10
Total Main Pumping Cost ($/hr) 16.72 0.459
Total Main Pumping Cost ($/ML) 22.69 1.35
Recycled Water Pumping Costs
Flow Rate (ML/hr) 0.34
Energy Consumption
- Diesel Cost ($/hr) $1.10/L @ 2.94L/hr 3.23
- Qil Cost ($/hr) 0.12
R&M ($/hr) (pump only) 0.21
Recycled Water Pumping Costs ($/hr) 3.56
Recycled Water Pumping Costs ($/ML) 10.47
Total Pumping Costs ($/ML) 22.69 2.72
(Assumption Furrow = 15% of water applied is recgikle
R&M lIrrigation Equipment ($/ML) 1.85 0.54
Part B Water Cost ($/ML) 17.33 17.33
TOTAL VARIABLE COSTS ($/ML) 41.87 20.59

The gross margin of each farming system treatment isagisglin Table 6 and Figure 10.
Further detail on the gross margin calculations is included in App&ndlrhe OHLP (burnt)
system has the highest average gross margin, followed I®Hh® (green) and furrow
(burnt). Fallow gross margins were higher in the furrow tneat because of higher laser
leveling expenses. A slight variation existed in the plang csass margins because of
irrigation costs and additional harvesting expenses in green taner labor requirements
were also recorded in the OHLP treatments and will be condidetke full investment

analysis.

15




Table 6. Gross margin and labour of each irrigation system

Irrigation Closs eI (E1E) Labour

System Fallow Plant Cane Average (hrs/ha)
OHLP (green) -410.45 2215.23 902.39 5.93
OHLP (burnt) -410.45 2267.37 928.46 6.09
Furrow (burnt) -596.45 2215.33 809.44 6.74

Figure 10. Gross margin of each irrigation system in sugarcane
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Figure 11 displays the effect of part B water price on iragatost in plant cane. As
expected the furrow irrigation system is more responsive tocaedsing part B water price
because of the high amount of water applied. Figure 12 showEdbea energy price on
irrigation cost for each system. A 50% increase in energyg wok have a large effect on
OHLP irrigation costs because of the high price of dieseliséin the electricity price will
have a minor impact on the irrigation expenses for the furrowrsyste

16




Figure 11. The effect of Part B water price on irrigationcost
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Figure 12. The effect of energy price (fuel & electrity) on irrigation cost
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4.7 Environmental benefit

The environmental benefits of the OHLP irrigation system are obfioosthe results
collected. Water efficiency is greatly improved, reduaegp draining and run-off
significantly compared to the furrow irrigation system. IMuirlosses from the OHLP
irrigation system are reduced significantly, with an 8 fold rednof losses to deep drainage
and no run-off recorded. The use of GCTB on the OHLP irrigation blditelyg to better
retain moisture, reducing water use, and is likely to improvéisaith with the input of
organic matter. There is also the obvious environmental benefiéeh gane harvesting as
opposed to burning with the issues of climate change.

4.8  OHLP Irrigator Operation

A number of teething problems were encountered with the operation @HbE Irrigator.
The most significant of these was the tendency for the machlmagtwhen operated after
heavy rainfall events. The passage of the machine ovelasoils lead to the formation of
deep ruts. After rainfall these ruts filled with water aghained wet for long periods of
time. When the irrigator was restarted this often led tevtheels of one or more sections
losing traction, leading to the machine shutting down. This waisipaovercome by the
farmer filling in the wheel ruts with an inter-row “hilling-urhplement.

Another issue encountered by the farmer was the effect of wittteautside rows of the
irrigator. During strong winds there was a reduction in iefficy, with water being carried
away from the paddock. There were also problems with water owito the wheel tracks
as mentioned above.

Figure 13. Wheel ruts caused by passage of OHLP irrigator
18



5. Conclusions

The project has demonstrated that OHLP irrigation can be usedssfully in the Burdekin
to produce sugarcane crops with yields and CCS equal to that ohtiomad furrow
irrigation. This was achieved applying much less irrigation matd resulted in
significantly less run-off and deep drainage than conventional furrigation. The OHLP
system produced 14t cane /applied ML compared to 7t cane/appliedtM{uwow
irrigation. This can be expected to have significant environmentafibeincluding:

- Reduced loss of nutrients and pesticides to the environment
- Reduced rise in groundwater levels

- Reduced demand on water resources

- Easier adoption of green cane trash blanketing

While switching to this type of OHLP irrigation brings a numbkenvironmental benefits, it
didn’t result in greater farm profitability under existing agaments where farmers already
have the infrastructure in place for a furrow irrigation systdiis is due to the extra capital
needed to purchase an OHLP irrigation system, greater OHLP pyiecgsits and the current
part A/B pricing scheme for water which negates some diehefits of saving water.

A more detailed analysis of the costs and benefits of swit¢bi@iHLP irrigation needs to

be performed in the future when several years of data corgghgrwo systems has been
collected.

19



See attached CD for files.
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