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SUMMARY 

About 60% of sugar produced in Australia depends on irrigation. In some regions, production 

would be impossible without irrigation; in others, irrigation is used to supplement rainfall. It 

can improve production and reduce risks in the more variable rainfall environments. The 

whole subject of supplementary irrigation has taken on a new focus in recent years as terms-

of-trade for cane growers continue to deteriorate, and as pressure mounts for more efficient 

management of a scarce national resource. 

Best practice with limited water, however, depends on complex biophysical and economic 

factors as well as sensitive off-site impacts. From a biophysical point of view, questions arise 

as to the probability of achieving the desired irrigation responses in the various regions and 

seasons, and the extent to which this is affected by crop water requirements at various stages 

and by variety and soil type. From a management point of view, the questions concern source 

of the water, the amounts available, and the best crop type and block on which to apply it. 

Finally, from an economic point of view, the questions concern the interactions between the 

above factors and the size of the investment required, the likely price of cane, and the 

probability of achieving sustained profitability from the investment during its lifetime. 

The aim of this project, therefore, was to address this complexity by developing and applying 
a generic methodology for assessing the payoffs of supplementary irrigation, taking account 
of the above factors. 

Several agencies and a large number of scientists, advisors and growers contributed directly 
and indirectly to this project, resulting in an expanded pool of knowledge and data. This has 
been organized into papers and articles, presented at workshops, and incorporated into 
computer-based tools. These tools integrate detailed information about the soil, the long-term 
climate, the costs of irrigation water and equipment, and price of sugar. They can be used to 
develop optimum solutions for allocation and scheduling of limited water, and for the use of 
on-farm storages. 

A number of methods were used to fulfil the aims of this project, including field trials, model 

validation, crop physiology, long-term simulations, discounted cash flow analysis, soil 

characterisation, and a process of interaction and training with industry leaders, advisors and 

growers under the auspices of the CRC for Sustainable Sugar Production. Key biophysical 

findings were: 

 Large crop responses are possible with strategically timed applications of limited water. 
Irrigation water use efficiency (IWUE) could be more than twice the benchmark water use 
efficiency of 12 t cane/ML. 

 High IWUE in one experiment arose because irrigation enhanced leaf area development 
which in turn resulted in better use of subsequent rainfall. 

 Plant available water capacity (PAWC) plays a major role in response to limited irrigation. 
A method was developed to determine it from plant stress indicators and soil survey 
information. 

 The APSIM-Sugarcane biophysical model was linked to a discounted cash flow model in 
order to assess proposed investments in supplementary irrigation 

 High allocations were more profitable than low allocations. Irrigation was more profitable 
on sandy soils than on clays. Irrigation application efficiency was an important factor in 
profitability. 

A series of workshops centred on the various facets of this project were successful both in 
communicating industry needs to the project team and in transferring new concepts and tools 
to industry leaders and advisors. Several advisors and regional water use efficiency officers 
are now using APSIM-Sugarcane for benchmarking and for developing strategies for the best 
use of limited water. 
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BACKGROUND 

Supplementary irrigation has increased recently in many production regions and about two 

thirds of growers in the Australian industry now use some irrigation. However, the quantity of 

water available is often only a fraction of the total water required by the crop. In many regions 

where supplementary irrigation is used, average annual rainfall exceeds crop water 

requirement, but the rainfall is highly variable and can be more than adequate in some years 

and insufficient to even produce a crop in others. Rainfall is also highly variable during the 

year, making it difficult for growers with limited water to know how much water to save for 

possible dry periods. At the inception of this project, there was insufficient information to 

help farmers decide whether to apply water to younger or older crops, whether to favour 

ratoons over plant crops, whether to apply small amounts of water frequently or whether to 

apply more water in less frequent irrigation, and whether to expect compensatory growth to 

occur following substantial rainfall. 

For growers without supplementary irrigation the decision to install a system is fraught with 

risks - due to the high cost of the system, and uncertainties about the supply of water, the need 

for irrigation, and the future price of sugar. At the outset, there was little information on the 

magnitude of responses from limited irrigation, since benchmarks had been obtained largely 

from research in full irrigation production systems. There was also limited capability to deal 

with risks associated with rainfall variability. The all-important water storage properties of the 

soils were also inadequately known. While many soils had been characterised for storage of 

readily available water (so that growers could irrigate to maximise yields in full irrigation 

schemes) little information was available on the full storage capacity of soils. In 

supplementary schemes, access to the full water storage capacity can tide the crop over 

periods when rainfall is lacking, and save scarce irrigation water for use at more critical times. 

While this project was addressing issues of a more applied nature, another SRDC project 

(CTA016), under the same general heading of ‘Efficient use of water resources in sugar 

production’, was addressing the physiological basis for crop response to water supply. 

Concurrent advances in the underlying physiology and modelling of crop and soil water 

relations from this project permitted the application of research results over a wider range of 

soils, climates and production systems than would have been possible from CTA018 alone. 

This project (CTA018) formed a key contribution to one of the main activities in Program 3 of 

the CRC for Sustainable Sugar Production. The activity ‘Making best use of limited water in 

different sugarcane production systems’ encompassed staff from seven agencies (BSES, 

Bundaberg Sugar Co., Mackay Sugar Co., CANEGROWERS, The University of Queensland, 

Herbert and Bundaberg Productivity Boards). The advantage of this cross section of 

contributors was that field research and modelling were integrated with extension, with 

economics, with productivity assessment, and with benchmarking. The CRC activity included 

another SRDC project (BS183s) to research the process of adoption of technology generated 

by this activity. The interactions and linkages between these three projects helped to shape the 

way the field research was conducted and the outputs packaged for use in the industry. 

During the life of this project, there was a steady increase in public awareness of water as a 

national resource and major component of a fragile environment. The National Agenda for 

Water Reform has moved in the direction of full recovery of water supply cost, separate 

water- and property-rights, specific water allocations to the environment, and increased water 

use efficiency in agriculture. A new initiative on water use efficiency launched by the DNR 

has requested that the sugar industry make 60,000 ML available for irrigation from existing 

water resources. The CANEGROWERS organisation has the task of implementing these 

savings through regional water use efficiency (RWUE) committees. Although these 

committees have been instituted only recently, a number of the RWUE officers have received 
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some training in the concepts and tools developed by this project and its partner in the CRC 

and are beginning to discover the possibilities for supplementary irrigation in their regions. 

Recent research on the Efficient Use of Water has therefore been very effectively inter-

connected, with two-way flows of understanding and experience between the basic crop 

physiology of CTA016, the more applied field research and model application of CTA018, 

and the interaction with growers on water use efficiency of BS183s. 
 

 

OBJECTIVES 

The aim of the project was to determine the best use of limited supplies of supplementary 

irrigation water in maximising profitability. It proposed to do this by developing a generic 

methodology for assessing the economic benefit of supplementary irrigation, taking account 

of such factors as location, rainfall frequency, the availability of irrigation water, the price of 

sugar, and the cost of water. 

Concepts and tools were to be developed in consultation with advisors, industry leaders and 

economists within the CRC and with a technology transfer research project (SRDC, BS183s) 

that explored the use of modelling tools with growers in an action-learning context. 

 

 

RESEARCH METHODOLOGY 

A number of methods were used to fulfil the aims of this project. Interaction with the CRC 

was substantial and for some sections of this report it is difficult to distinguish between 

contributions from this project and those of the CRC activity 3.1.2 on ‘Optimising use of 

limited water’. For example, the experiment at Mackay was the initiative of Mackay Sugar 

Co. and was part of this company’s contribution to the CRC. The CTA018 project team was 

soon involved with Mackay Sugar in the subsequent management and measurement of this 

experiment. 

The project consisted of several components including field trials, model validation, crop 

physiology, long-term simulations, discounted cash flow analysis, soil characterisation, and a 

process of interaction and training with industry leaders, advisors and growers under the 

auspices of the CRC for sustainable sugar production. 

Conventional replicated field trials were conducted in the Herbert and at Mackay. The results 

of these trials were used to test capability of the APSIM model for predicting responses to 

limited water. The model was also used, in conjunction with results of field trials, to explain 

the physiology of large responses to limited water that were obtained in the trials. 

Long-term simulations were conducted for a limited number of regions to help deal with risk 

and rainfall variability and to provide probabilistic data about response to limited irrigation 

under a variety of management and soil conditions. These data were then processed using a 

discounted cash flow analysis model developed in the CRC to demonstrate the sensitivity of 

investments in supplementary irrigation to a variety of climatic, soil, management and 

economic factors. 

It became clear during the project that soil characterisation was limiting application of the 

model. A technique based on reverse modelling was then developed to assist with 

characterisation of soil hydraulic properties for a number of Bundaberg soils. It was then 

shown how soil hydraulic properties affected response to irrigation and effective rainfall. 

Each of the above components will be reported in turn followed by a description of the 

technology transfer process. 
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R&D CONDUCTED 

1. Field trials - Bambaroo 

The experiment was located on a Molonga series soil on the farm of Roy and Barbara Pace, 

Bambaroo (146 11' 29'' E,  18 51' 32'' S) just north of Townsville, Australia. The A1 

horizon of a Molonga series is a grey cracking silty clay (Table 1) with moderate blocky 

structure on a mottled grey-brown B-horizon starting at about 1 m depth (Wilson and Bakker, 

1990). 

 
Table 1. Volumetric water content at lower limit (LL), drained upper limit (DUL) and saturation 

(Sat), Bulk density (BD) and silt and clay content, for the Molonga series soil at 
Bambaroo. 

 

Depth (m) 

Volumetric water content at:  

BD 

(kg/l) 

 

Silt 

(%) 

 

Clay 

(%) 
LL 

(m/m) 

DUL 

(m/m) 

Sat 

(m/m) 

0.0- 0.2. 0.181 0.42 0.465 1.30 22.60 46.96 

0.2- 0.4 0.246 0.327 0.418 1.38 17.93 52.96 

0.4-0.6 0.268 0.344 0.383 1.53 16.60 48.96 

0.6-0.9 0.282 0.314 0.372 1.51 20.60 44.96 

0.9-1.2 0.257 0.291 0.33 1.67 15.20 44.96 

1.2-1.5 0.243 0.281 0.32 1.70 15.20 38.96 

1.5-1.8 0.224 0.292 0.325 1.70 13.20 34.96 

 

1.1 Treatments 

The irrigation treatments were:  1) high irrigation where water stress was to be minimal; 2) 

medium irrigation to ‘fill-in’ gaps in the rainfall either before (early) or after (late) the wet 

season; 3) low irrigation and 4) rainfed. Rainfall was such that only treatments 1, 2 and 4 

could be applied meaningfully (Fig. 1). 
 

1.2 Irrigation and experiment design 

Trickle tape was used to apply the irrigation treatments. Although trickle it is not the preferred 

means of irrigation in the Herbert, it facilitated good irrigation control of small experimental 

plots. The reticulation system was designed so that 16 plots (8 rows  50 m) could be 

irrigated, four at a time, to provided four replications of three irrigation treatments in a 

random block. An additional plot in each block was not supplied with trickle tape, thus 

providing a rainfed control treatment. The whole site was irrigated with a water winch just 

after planting and after harvesting the plant crop to initiate growth. The trickle system was 

maintained by regular flushing, and treatment with chlorine and acid. Irrigation was applied 

when the grower deemed it necessary, subject to the desired irrigation treatments. In the 

ratoon crop, dip wells and tensiometers were installed and stalk measurements were taken to 

ensure that irrigation was applied only when required. The trickle system was checked 

carefully for leaks before irrigating each crop. 
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Figure 1. Daily rainfall and irrigation for ‘rainfed’, medium and high irrigation treatments in the 
Bambaroo experiment. Arrows show planting and ratooning dates for plant, first and 
second ratoon crops. 

 
1.3 Management 

Calcitic limestone was applied to the experimental site in April 1995 and was then 

incorporated with a disk and harrow. Trickle tape was inserted at a depth of 400 mm, in rows 

1.5 m apart on 5 July 1995. Two days later, whole stalks of Q124 were planted by machine 

directly above the trickle tape at a depth of 150 mm. Diammonium phosphate (DAP) was 

applied in the furrow at planting to deliver 46 kg N, 49 kg P and 41 kg S per hectare. 

Chlorpyrifos at 0.75 kg ai/ha was also applied at planting to control wireworm. Single eyed 

sets of Q124 were planted in trays on 11 and 12 July and the resultant transplants were used 

three months later to fill in gaps in the crop row. Diuron at 2kg ai/ha and paraquat at 0.24 kg 

ai/ha were applied on 1 August, 6 October and 6 December 1995, respectively, for weed 

control. Ammonium and potassium sulphate were broadcast on 5 October 1995 to add 25 kg 

N, 70 kg K and 20 kg S per hectare to make up a total of 51 kg N, 49 kg P, 70 kg K and 61 kg 

S per hectare applied. The plant crop was harvested green on 7 August 1996. The fertiliser 

products used in the plant crop were also used in the first ratoon crops to deliver 20 kg N, 10 

kg P, 32 kg K and 10 kg S per hectare on 7 September 1996. Urea at 200 kg/ha (92 kg N/ha) 

was applied without incorporation on 5 November 1996 just prior to rain. Diuron at 2kg ai/ha 

and paraquat at 0.24 kg ai/ha were applied to the first ratoon crop on 8 December 1996. The 

first ratoon crop was harvested green on 7 September 1997. Ammonium, potassium sulphate 

and DAP were applied (broadcast) to the second ratoon crop on 19 October 1997 to deliver 

totals of 99 kg N, 25 kg P, 80 kg K and 24 kg S per hectare. Later, on 12 December 1997, 309 

kg urea was broadcast to supply a further 142 kg N per hectare. Rodenticide was applied by 

hand to reduce rat damage to the trickle tape on 28 November and 12 December 1997. 

Starane*200 (Fluroxpyr 200 ac/L) at 1.3 L/ha, paraquat at 1.2 kg/ha and Diuron 500 at 2 

kg/ha were applied on 17 December. An attempt was made to harvest the second ratoon crop 

in October 1998 but conditions were too wet and the crop was carried over to the next season. 

Sampling was discontinued after October 1998. 
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1.4 Measurements 

Crop yield, sucrose content and stalk number were determined from 15 m
2
 quadrats in each 

plot sampled on eight occasions during plant and ratoon crops following the procedure of 

Muchow et al. (1993). Irrigation water use efficiency (IWUE) was derived as the difference in 

mean cane yield of irrigated and rainfed treatments divided by the difference in irrigation 

water applied. Access tubes for a neutron moisture meter (NMM) were inserted in each plot 

and readings were taken at weekly or two weekly intervals when rain permitted. After the 

rains in 1996/97, dip wells were inserted to 1.5 m in four rainfed and four well-watered plots. 

The wells were made from 80 mm plastic perforated pipe and were placed in holes 150 mm in 

diameter, which were then back-filled with river sand. The wells were read each week. An 

automatic weather station (Campbell Scientific Australia, Townsville, Australia) was erected 

on a well-maintained grass lawn about 1 km from the experimental site. Hourly rainfall, 

radiation, temperature, wind speed and relative humidity were recorded. 

 

1.5 Results - Bambaroo 

1.5.1 Rainfall and irrigation 

Rainfall received by plant, first and second ratoon crops was 1166, 1603 and 2733 mm 

respectively (Fig. 1). Rainfall from mid-1998 to the end of the project was such that no 

irrigation was necessary. Daily rainfall and irrigation is shown in Fig. 1 and cumulative 

irrigation is shown in Table 2. All trickle applications were less than 30 mm (Fig. 1). 

 
Table 2. Cumulative Irrigation (mm) applied prior to each sampling date. 

 

Crop 

 

Sample Date 
Age 

(months) 

Irrigation treatment 

Rainfed (low) Medium High 

Plant 21-Jan 96 7 30 170 170 

 7-May 96 10 30 198 338 

 24-Aug 96 14 30 379 511 

1st ratoon 3-Dec 96 3 30 95 106 

 7-May 97 8 30 179 195 

 20-Aug 97 12 30 179 273 

2nd ratoon 9-Feb 98 7 15 91 151 

 16 June 98 10 21 113 169 

 20-Oct 98 14 21 113 169 

 

1.5.2 Water table 

No water was found when dip wells were first inserted on 15 May 1997. One week later, after 

76 mm rain, water was found less than 500 mm from the soil surface. The water table 

subsided slowly and disappeared six weeks later (Fig. 2). Irrigation was then applied to low 

and high irrigation treatments alike. Water was found in two of the eight wells probably as a 

result of water flow via cracks in the soil. When readings from these wells were excluded the 

standard deviation in water table height was less than 10mm (Fig. 2). 

 



SUGAR RESEARCH AND DEVELOPMENT CORPORATION FINAL REPORT - PROJECT N
O.

 CTA018 

 7 

 

Figure 2. Distance of water table from soil surface. Bars show standard deviation of six wells. 

 

1.5.3 Soil water extraction 

Plant available soil water capacity was determined from the NMM measurements taken when 

the soil was in its wettest and driest state. Water was extracted at least to a depth of 1.8 m and 

the available water for this soil was 131 mm, with considerable contributions from depths 

below 1.0 m (Table 1). 

 

Figure 3. Green leaves per stalk and volumetric soil water content at depths of 500 mm and more in 
the rainfed treatment of the plant crop. 

 

Only 83 mm rain was recorded over a period of about 100 days before the plant crop was 

harvested. During this time the mean number expanded green of leaves per stalk in the rainfed 

treatment, declined from over 9 to less than 3 (Fig. 3) indicating that plants were severely 

stressed at harvest (Inman-Bamber, 1986). It is unlikely that the crop could have extracted 
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much more water from the soil after this stage and it was concluded that soil water content at 

this time was close to the lower limit of availability. It is noteworthy that during the last 100 

days of the plant crop, soil water content declined at similar rates at depths of 500, 750, 1050 

and 1350 mm and more rapidly at 1650 mm (Fig. 3). It is not known to what extent this 

decline was due to soil water extraction by the crop or to drainage but one would expect 

drainage to be slow in conditions as dry as this. The drained upper limit (DUL) was 

determined with less certainty because of difficulties in accessing the site after rainfall. 

Occasional presence of a water table detracts somewhat from the DUL concept, which 

assumes that drainage is possible. 

 

1.5.4 Plant crop results 

Leaf numbers 

At seven months (January, 1996), crop development was considerably more advanced in the 

high irrigation than rainfed treatment (Table 3). Irrigated plants had produced an average of 

2.5 leaves more than rainfed plants and at 14 months the difference was double despite the 

large amount of rain between January and May 1996 (Fig. 1). The rainfed treatment became 

severely stressed after May. This was evident in many crop variables (Table 3). At 14 months, 

the number of green expanded leaves per stalk was reduced to 3.0 in rainfed crops compared 

to 8.1 in medium irrigation and 5.8 in the high irrigation treatment. 

Previously published work using cultivars NCo376 and N11 showed that leaf water potential 

was between –1.5 and –2.0 MPa when 7 green leaves (expanded and expanding) remained 

after imposing water stress. This number corresponds to an expanded leaf number of 3 as 

found in the rainfed plants. Stomatal closure started at –1.2 MPa in cultivar N12 and at lower 

water potentials in NCo376 and N14 (Inman-Bamber and de Jager, 1986). It is therefore likely 

that stomatal closure was well advanced when rainfed plants were 14 months old and that 

water extraction was at a low level. The relatively low green leaf number under high irrigation 

may have resulted from partial lodging in these plots. 

 

Stalk numbers 

Stalk population was always lower in rained plots than in irrigated plots (Table 3) but only the 

pooled sample means were significantly different (data not shown). Few dead stalks were 

detected and these did not differ significantly between treatments. A considerable number of 

suckers developed in irrigated treatments between May and August. The difference between 

high and medium irrigation was significant and was probably due to a difference in LAI 

between these treatments in May. The lower LAI of the high irrigation treatment would have 

allowed more light to reach the ground and this together with subsequent irrigation possibly 

encouraged the germination and growth of suckers (Table 3). 

 

Leaf area 

Irrigation increased leaf area per unit dry mass (known as specific leaf area or SLA). The 

difference at 10 months just failed to reach significance at p<0.05 and no other differences 

were significant (Table 3). SLA decreased with crop age and this was more pronounced in 

rainfed than irrigated treatments. Leaf area index (LAI) was always lower in rainfed than in 

irrigated treatments. At 10 months LAI was greatest in the medium irrigation treatment 

because of a large leaf mass and high SLA in this treatment at this stage. At 14 months LAI of 

the rainfed treatment was nearly half the high irrigation value because of reduced SLA and 

reduced green leaf mass. 
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Table 3. Results of plant sampling in plant crop at Bambaroo:  Stalk and leaf number, leaf area (LA), dry matter content (DMC), brix content (BC), fibre 
content (FC) and sucrose content (SC). 

 Treatment means Statistics 

Sampling date 23/1/96 7/5/96 25/8/96 23/1/96 7/5/96 25/8/96 

Age (months) 7 10 14 7 10 14 

Irrigation treatment High Low High Med Low High Med Low p LSD p LSD p LSD 

Dead leaf no. per stalk 2.8 1.4 15.6 13.6 14.4 25.8 23.8 23.7 0.016 0.8 0.169 NS 0.138 NS 

Green leaf no. per stalk 10.6 9.5 10.4 10.8 9.6 5.8 8.1 3.0 0.057 1.2 0.229 NS 0.006 3.1 

Total leaf no. per stalk 13.4 10.9 26.0 24.3 24.0 31.5 31.9 26.8 0.017 1.6 0.223 NS 0.000 1.9 

Live Stalks per m2 7.4 7.3 7.0 6.7 6.4 6.8 6.6 5.8 0.691 1.0 0.571 NS 0.118 NS 

Dead Stalks per m2 0.0 0.0 0.0 0.0 0.0 0.3 0.1 0.1     0.491 NS 

Total stalk no. per m2 7.4 7.3 7.0 6.7 6.4 9.2 8.0 5.8 0.691 NS 0.002 1.7 0.000 0.9 

Sucker no. per m2 0.0 0.0 0.0 0.0 0.0 2.4 1.4 0.1     0.000 0.9 

LA per gram DM (cm2/g) 97.1 93.0 93.7 99.0 88.3 87.0 72.7 74.2 0.158 NS 0.054 NS 0.165 20.9 

LA index 3.57 2.82 3.91 4.72 3.60 2.48 2.52 1.30 0.191 NS 0.049 1.14 0.006 0.76 

LA per stalk (cm2) 4808 3834 5604 7063 5649 3716 3807 2291 0.130 NS 0.031 1467 0.031 1385 

DMC of green leaf 0.268 0.283 0.305 0.298 0.299 0.319 0.333 0.351 0.042 0.014 0.615 NS 0.002 0.015 

DMC of mature stem 0.162 0.146 0.257 0.250 0.246 0.303 0.305 0.317 0.028 0.013 0.491 NS 0.315 0.029 

DMC of cabbage 0.139 0.127 0.169 0.165 0.166 0.227 0.221 0.256 0.067 NS 0.912 NS 0.022 0.031 

DMC of trash 0.815 0.681 0.715 0.690 0.635 0.657 0.731 0.768 0.148 NS 0.089 NS 0.138 0.152 

DMC of stalk and cabbage  0.156 0.140 0.248 0.238 0.235 0.299 0.300 0.314 0.012 0.010 0.355 NS 0.245 0.029 

DMC of cabb. & green leaf 0.188 0.177 0.233 0.221 0.222 0.275 0.279 0.302 0.121 NS 0.375 NS 0.011 0.020 

DMC of total biomass 0.175 0.163 0.264 0.255 0.254 0.321 0.318 0.342 0.030 0.010 0.291 NS 0.063 0.027 

DMC of tot. biomass less trash 0.170 0.160 0.252 0.244 0.241 0.300 0.302 0.316 0.029 0.009 0.374 NS 0.226 0.028 

BC of stalks (FM basis) 0.095 0.086 0.170 0.167 0.166 0.223 0.220 0.241 0.012 0.005 0.687 0.016 0.029 0.020 

SC of stalks (DM basis) 0.189 0.192 0.427 0.431 0.431 0.515 0.508 0.533 0.393 NS 0.964 NS 0.015 0.020 

SC of stalks (FM basis) 0.031 0.028 0.110 0.108 0.106 0.156 0.155 0.169 0.145 NS 0.689 NS 0.025 0.013 

FC of stalks (DM basis) 0.538 0.567 0.493 0.491 0.485 0.448 0.468 0.429 0.241 NS 0.831 NS 0.043 0.037 

FC of stalks (FM basis) 0.078 0.073 0.111 0.107 0.103 0.109 0.117 0.108 0.033 0.005 0.298 NS 0.369 0.020 
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Dry matter content (DMC) 

DMC of many components increased with time in all treatments (Table 4). At 7 months, 

DMC of leaf and stalk was lower in rainfed than irrigated treatments probably because of 

more advanced development under irrigation, as reflected in total leaf number. At 14 

months the effect of irrigation on DMC was significant for leaf but not for the stalk. 

Desiccation probably occurs more readily in leaves than stalks given the high osmotic 

potential in stalks resulting from stored sucrose. Nevertheless, DMC of stalk and cabbage 

was reduced by irrigation significantly at 14 months. 

 

Fibre, Brix and sucrose content 

Brix and sucrose content of fresh and dry mass increased with age as would be expected 

(Table 4). Fibre content of dry mass decreased with age. At 7 months, brix was lower in 

rainfed than in irrigated treatments probably as a result of delayed development due to 

water stress as in the case of DMC. At 14 months, irrigation had significantly reduced 

sucrose content of both fresh and dry cane stalks. Although irrigation was clearly needed 

between May and August it is noteworthy that the 181 mm and 173 mm applied to the 

medium and high irrigation treatments during this time resulted in a loss of over one unit 

of CCS. The risk of reduced CCS from late irrigation needs careful consideration and 

understanding. 

 

Yield 

At seven months, the difference in cane yield between well watered and rainfed 

treatments was 27 t/ha (Table 4) which was produced from an additional 140 mm 

resulting in a irrigation water use efficiency (IWUE) of 19 t/ML. Three months later, yield 

differences had narrowed to 13 t/ha (not significant) and IWUEs were less than 8 t/ML. 

When the crop was harvested at 14 months, responses to high and medium irrigation 

treatments of 27 and 19 t cane/ha, were significant (Table 4) but IWUE remained low at 6 

t/ML for both treatments. 

 

1.5.5 First ratoon crop results 

Irrigation in the first ratoon was considerably lower than in the plant crop because of 

increased rainfall and better irrigation scheduling (Table 2). Significant responses to 

irrigation were less prevalent in the first ratoon than in the plant crop. 
 

Leaf and Stalk numbers 

There were no significant effects of irrigation on stalk population or on phenological 

development as reflected in total leaf number per stalk (Table 5). It can be reasonably 

assumed therefore that irrigation effects on the plant crop did not carry over to the ratoon 

crop to any great extent. 
 

Leaf area 

LAI was increased two fold (P<0.001) by irrigation when sampling was done at 3.0 

months. This was due primarily to increased green leaf area per stalk rather than increased 

stalk population (Table 5). Differences in LAI were not significant at 8 or 12 months. 
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Table 4. Results of plant sampling in plant crop at Bambaroo:  Partitioning fractions, dry mass (DM) and fresh mass (FM) and sucrose yield. 

 Treatment means Statistics 

Sampling date 23/1/96 7/5/96 25/8/96 23/1/96 7/5/96 25/8/96 

Age (months) 7 10 14 7 10 14 

Irrigation treatment High Low High Med Low High Med Low p LSD p LSD p LSD 

Fract. of trash in total biomass 0.035 0.029 0.070 0.068 0.083 0.123 0.088 0.134 0.331 NS 0.448 NS 0.023 0.039 

Fract. of cabbage in total biomass 0.166 0.228 0.059 0.081 0.077 0.031 0.039 0.028 0.008 0.032 0.001 0.010 0.008 0.007 

Fract. of green leaf in total biomass 0.194 0.239 0.095 0.109 0.103 0.049 0.063 0.035 0.005 0.020 0.029 0.012 0.005 0.016 

Fract. of stalk in total biomass 0.605 0.504 0.776 0.743 0.737 0.798 0.811 0.804 0.001 0.028 0.014 0.031 0.415 0.029 

Fract. of stalk and cabb. in total biomass 0.771 0.732 0.835 0.824 0.814 0.828 0.849 0.831 0.040 0.036 0.210 NS 0.122 0.029 

Fract. of cabb. & green leaf in total biom. 0.360 0.467 0.154 0.189 0.180 0.079 0.101 0.063 0.000 0.020 0.002 0.018 0.005 0.022 

Cane yield (t/ha) 71.2 44.0 132.1 130.5 118.8 155.3 147.3 127.7 0.038 24.6 0.109 NS 0.051 28.3 

Cane plus cabbage yield (t/ha) 93.9 66.7 147.3 151.9 137.4 163.3 157.1 133.2 0.066 NS 0.153 NS 0.035 28.7 

DM of green leaf (g/m2)  368 305 418 477 408 285 347 176 0.231 NS 0.215 NS 0.000 64 

DM of mature stem (g/m2)  1151 642 3398 3266 2919 4690 4501 4045 0.014 315 0.172 NS 0.195 1011 

DM of cabbage (g/m2)  314 287 257 355 307 181 214 138 0.297 NS 0.026 83 0.001 35 

DM of trash (g/m2)  66 36 303 293 327 725 488 678 0.118 NS 0.676 NS 0.147 344 

DM of stalk and cabbage (g/m2) 1465 930 3655 3621 3225 4871 4715 4183 0.021 383 0.233 NS 0.161 1024 

DM of cabbage and green leaf (g/m2)  682 593 675 832 715 467 561 314 0.241 NS 0.094 NS 0.000 88 

DM of total biomass (g/m2)  1899 1271 4376 4391 3960 5882 5550 5037 0.033 536 0.258 NS 0.202 1316 

DM of total biomass minus trash (g/m2)  1833 1235 4073 4099 3633 5157 5062 4359 0.033 510 0.255 NS 0.094 1034 

Sucrose yield (g/m2) 217 124 1455 1403 1256 2417 2281 2161 0.009 49 0.149 NS 0.358 520 

Fibre yield (g/m2) 621 364 1675 1605 1415 2098 2108 1735 0.043 243 0.130 NS 0.115 536 

Fresh cane mass per stalk (g)  958 599 1901 1953 1862 2293 2243 2227 0.022 265 0.705 NS 0.870 407 

Dry cane mass per stalk (g)  155 87 487 489 457 692 684 705 0.007 33 0.446 NS 0.841 114 

Dry total biomass per stalk (g)  255 173 628 658 621 868 844 877 0.017 55.1 0.513 NS 0.773 148 
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Dry matter content (DMC) 

At three months, DMC of total biomass was considerably greater in the low irrigation 

treatment than in the other treatments, but there were no other significant differences. 
 

Fibre, Brix and sucrose content 

None of these attributes were affected by irrigation at any sampling stage (Table 5). The 78 

mm applied to the high irrigation treatment between May and August was less than half the 

amount applied to the plant crop during this period and did not have the same detrimental 

effect on CCS as was the case in the plant crop. 
 

Partitioning fractions 

The fraction of millable cane stalk in total biomass increased significantly with irrigation 

when sampling was done at 8 and 12 months (harvest). There was no difference between 

medium and high levels of irrigation (Table 6). 
 

Yield 

Response to irrigation at eight months was 46 t cane /ha for high irrigation and 31 t cane /ha 

for medium irrigation (Table 6). Medium and high irrigation treatments increased cane yield 

at harvest by 46 and 41 t/ha compared with rainfed control. Although no cane had developed 

when the trial was sampled at three months, response to irrigation was evident in total dry 

biomass which was 6 t/ha in the two irrigated treatments compared to only 3 t/ha in the 

rainfed treatment (p=0.01). At eight months, the significant increase in cane yield (31 t/ha) 

was achieved from 149 mm applied to the medium irrigation treatment and a further 

significant increase in yield (15 t/ha) was achieved from an additional 16 mm applied to the 

high irrigation treatment. 

Cane yield response to medium and high irrigation divided by the difference in irrigation 

(IWUE) was 21 and 28 t/ML at eight months respectively and 27 and 19 t/ML at 12 months 

respectively. Sucrose yield was increased substantially (>40%) by the high irrigation 

treatment at eight months and at harvest (Table 6). Sucrose yields at harvest (12 months) of 

the medium and high treatments were similar. An increase of about 7 t sucrose/ha from about 

150 mm irrigation was clearly a delight to the grower, Mr Pace, and an illustration of the 

benefits of using small amounts of water available to growers in the Herbert. Mr Pace was 

keen to expand the area under trickle irrigation at this stage. However the high rainfall 

conditions in the second and third ratoon crops were a timely reminder of the risks associated 

with investments in supplementary irrigation, so further expansion has been at least delayed. 



 

 13 

 

Table 5. Results of plant sampling in the first ratoon crop at Bambaroo: stalk and leaf number, leaf area (LA), dry matter content (DMC), brix content (BC), 
fibre content (FC) and sucrose content (SC). 

 Treatment means Statistics 

Sampling date 03/12/96 06/05/97 20/08/97 03/12/96 06/05/97 20/08/97 

Age months 3 8 12 3 8 12 

Irrigation treatment High Med Low High Med Low High Med Low P LSD p LSD p LSD 

Dead leaf no. per stalk    13.3 12.9 11.2 20.8 21.2 18.4   0.040 2.2 0.088 NS 

Green leaf no. per stalk    8.0 8.6 7.9 7.1 5.0 6.8   0.558 NS 0.189 NS 

Total leaf no. per stalk    21.4 21.4 19.1 27.9 26.1 25.2   0.116 NS 0.078 NS 

Live Stalks per m2 12.5 11.8 9.9 10.3 8.9 9.0 8.0 7.6 7.1 0.111 NS 0.085 NS 0.535 NS 

Dead Stalks per m2    0.1 0.0 0.0 0.9 1.3 0.8   0.529 NS 0.447 NS 

Total stalk no. per m2 12.5 11.8 9.9 10.4 8.9 9.0 10.2 9.1 8.5 0.111 NS 0.086 NS 0.271 NS 

Sucker no. per m2 0.0 0.0 0.0 0.1 0.0 0.0 2.2 1.5 1.4   0.529 NS 0.170 NS 

LA per gram DM (cm2/g) 105.7 98.2 85.3 96.3 100.0 97.1 73.7 75.3 78.1 0.235 NS 0.643 NS 0.836 NS 

LA index 2.6 2.5 1.2 3.8 3.6 3.2 2.3 1.9 2.1 0.000 0.5 0.511 NS 0.570 NS 

LA per stalk (cm2) 2076 2124 1154 3669 4035 3607 2898 2479 2981 0.004 632 0.547 NS 0.621 NS 

DMC of green leaf    0.298 0.299 0.301 0.338 0.348 0.339   0.823 NS 0.454 NS 

DMC of mature stem    0.263 0.256 0.273 0.315 0.314 0.324   0.480 NS 0.342 NS 

DMC of cabbage    0.164 0.163 0.167 0.227 0.241 0.238   0.913 NS 0.243 NS 

DMC of trash    0.809 0.814 0.767 0.824 0.827 0.801   0.418 NS 0.375 NS 

DMC of stalk and cabbage     0.253 0.247 0.260 0.311 0.311 0.317   0.624 NS 0.535 NS 

DMC of cabb. & green leaf    0.221 0.226 0.225 0.287 0.293 0.289   0.789 NS 0.711 NS 

DMC of total biomass 0.138 0.140 0.192 0.274 0.270 0.285 0.335 0.335 0.343 0.006 0.038 0.423 NS 0.513 NS 

DMC of tot. biomass less trash    0.256 0.251 0.263 0.312 0.312 0.319   0.603 NS 0.539 NS 

SC of stalks (DM basis)    0.456 0.439 0.454 0.527 0.531 0.527   0.316 NS 0.675 NS 

SC of stalks (FM basis)    0.120 0.112 0.124 0.166 0.167 0.170   0.434 NS 0.174 NS 

FC of stalks (DM basis)    0.515 0.512 0.517 0.446 0.429 0.434   0.916 NS 0.173 NS 

FC of stalks (FM basis)    0.120 0.115 0.122 0.111 0.104 0.106   0.656 NS 0.319 NS 

Purity %    85.0 82.5 86.0 92.4 92.2 93.4   0.404 NS 0.490 NS 

Brix %    17.9 17.1 18.6 23.6 23.7 24.2   0.317 NS 0.107 NS 

FC of stalks (FM basis)    0.120 0.115 0.122 0.111 0.104 0.106   0.656 NS 0.319 NS 
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Table 6. Results of plant sampling in the first ratoon crop at Bambaroo:  Partitioning fractions, dry mass (DM) and fresh mass (FM) and sucrose yield. 

 Treatment means Statistics 

Sampling date 03/12/96 06/05/97 20/08/97 03/12/96 06/05/97 20/08/97 

Age (months) 3 8 12 3 8 12 

Irrigation treatment High Med Low High Med Low High Med Low P LSD p LSD p LSD 

Fract. of trash in total biomass 0.000 0.000 0.000 0.099 0.101 0.115 0.111 0.109 0.117   0.288 NS 0.773 NS 

Fract. of cabbage in total biomass 0.585 0.575 0.533 0.058 0.051 0.065 0.031 0.033 0.043 0.072 NS 0.050 NS 0.114 NS 

Fract. of green leaf in total biomass 0.415 0.425 0.467 0.078 0.082 0.089 0.054 0.045 0.063 0.072 NS 0.156 NS 0.049 0.018 

Fract. of stalk in total biomass 0.000 0.000 0.000 0.765 0.765 0.731 0.804 0.813 0.778   0.045 0.038 0.021 0.030 

Fract. of stalk and cabb. in total 

biomass 

0.585 0.575 0.533 0.823 0.817 0.796 0.835 0.846 0.821 0.072 NS 0.068 NS 0.060 NS 

Fract. of cabb. & green leaf in total 

biom. 

1.000 1.000 1.000 0.137 0.133 0.154 0.085 0.078 0.106   0.108 NS 0.079 NS 

Cane yield (t/ha) 0 0 0 144.7 130.3 98.8 147.7 143.4 102.4   0.002 22.8 0.026 42.5 

Cane plus cabbage yield (t/ha)    162.2 143.9 113.1 155.5 150.9 110.4 0.026 42.5 0.002 24.8 0.033 44.6 

DM of green leaf (g/m2)  252.5 251.7 134.6 393.7 355.4 329.5 306.8 248.8 270.1 0.021 110.1 0.331 NS 0.332 NS 

DM of mature stem (g/m2)     3822.6 3327.2 2700.3 4652.4 4500.0 3307.8   0.028 971.8 0.027 1266.3 

DM of cabbage (g/m2)  355.3 340.9 158.3 288.6 224.0 237.5 176.1 181.5 187.4 0.006 136.2 0.098 NS 0.937 NS 

DM of trash (g/m2)  0 0 0 488.8 441.1 425.3 638.1 600.1 501.4   0.069 NS 0.389 NS 

DM of stalk and cabbage (g/m2) 355.3 340.9 158.3 4111.2 3551.2 2937.8 4828.6 4681.5 3495.2 0.006 136.2 0.030 1028.5 0.032 1300.9 

DM of cabbage and green leaf (g/m2)  607.8 592.6 293.0 682.4 579.3 567.0 482.9 430.3 457.5 0.010 242.9 0.224 NS 0.734 NS 

DM of total biomass (g/m2)  607.8 592.6 293.0 4993.8 4347.7 3692.6 5773.5 5530.4 4266.7 0.010 242.9 0.030 1139.4 0.052 NS 

DM of total biomass minus trash 

(g/m2)  

607.8 592.6 293.0 4505.0 3906.5 3267.3 5135.3 4930.3 3765.3 0.010 242.9 0.036 1137.2 0.038 1373.1 

Sucrose yield (g/m2)    1750.1 1460.2 1228.2 2448.4 2393.3 1742.5   0.064 NS 0.023 650.3 

Fibre yield (g/m2)    1969.4 1703.6 1395.4 2072.2 1934.1 1435.9   0.025 484.7 0.027 572.1 

Fresh cane mass per stalk (g)  0 0 0 1407.8 1475.1 1107.0 1855.9 1907.4 1447.4   0.002 193.6 0.003 265.7 

Dry cane mass per stalk (g)  0 0 0 370.8 377.7 304.0 585.4 600.3 468.0   0.082 NS 0.018 113.7 

Dry total biomass per stalk (g)  48.6 51.0 29.1 484.8 492.8 415.5 727.1 738.5 602.4 0.040 22.7 0.114 NS 0.025 127.2 
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1.5.6 Second ratoon crop results 

Irrigation for the second ratoon crop was applied mostly before seven months and the total 

amount applied was much less than in the plant and first ratoon crops (only 113 and 169 mm 

for medium and high irrigation treatments respectively (Table 2)). 

 

Leaf numbers 

Irrigation did not significantly affect any attributes of leaf number per stalk (Table 7). 

 

Stalk numbers 

Total stalk number at 5 and 9 months was not affected by irrigation. However, the total 

number of stalks including suckers was reduced significantly in the high irrigation treatment 

at 14 months (Table 7). The large number of suckers (about one third of all stalks) were not 

significantly different between irrigation treatments but the number of mature live stalks was 

only 6.6 /m
2
 in the high irrigation treatment compared to 9.0 /m

2
 in the medium treatment. A 

large number of dead stalks were counted in the high irrigation plots (Table 7). These plots 

had lodged to a greater extent than medium or rainfed plots and there was clearly a lot more 

smothering and breakage of stalks in the high irrigation treatment than the other treatments. 

 

Leaf area 

Specific leaf area (SLA) of main stems declined between 5 and 9 months but did not differ 

between treatments (Table 7). SLA of sucker leaves was considerably greater than that of 

main stem leaves at 14 months. Suckers contributed substantially to LAI at 14 months. This 

resulted in a combined LAI at 14 months exceeding LAI at 9 months. LAI decreased toward 

harvest in the plant and first ratoon crops. It is interesting that leaf area per stalk of suckers 

was not much different to that of main stems, indicating that photosynthetic capacity of main 

stems and suckers was similar, despite presumably faster growth rates of suckers (Table 7). 

 

Dry matter content (DMC) 

Irrigation did not significantly affect DMC of any components of mature stalks or suckers 

stalks at any stage apart from stalk plus cabbage at 5 months (Table 7). However there were 

some interesting differences between mature stalks and suckers at 14 months. DMC of sucker 

stems was about 0.18 compared to about 0.30 for main stems. DMC of all other components 

including trash was lower in suckers than in mainstems (Table 7). It is possible that the 

common view that sucker development is more rapid than mainstem development, has more 

to do with water accumulation in tissue than with dry matter accumulation. 

 

Fibre, Brix and sucrose content 

Stalk composition was unaltered by irrigation (Table 7). Suckers contained some sucrose and 

would have contributed to the mass of cane mechanically harvested at this stage. Suckers 

would have reduced CCS of the consignment but may not have affected $ returns per hectare 

very much. Juice purity in suckers was very low. 

 

Partitioning fractions 

There were no meaningful responses in partitioning fractions to irrigation (Table 8). 
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Yield 

Irrigation appeared to improve cane yield at 9 months by about 15 t/ha but this was not 

statistically significant (Table 8). During June to October 1998, cane yield increased by 35 

and 38 t/ha in medium and low irrigation treatments respectively and only 4 t/ha in the high 

irrigation treatment. This resulted in a significant difference in cane yield due to irrigation in 

October when the crop was 14 months old (Table 8). In the second ratoon, high irrigation 

(only 169 mm) resulted in a decrease in yield rather than an increase in yield as was the case 

in the plant and ratoon crops. It was clear when sampling these plots at 14 months that the 

high irrigation treatments had lodged more severely than the other treatments and this was 

probably the reason for the low population of live stalks and relatively large numbers of dead 

stalks in the high irrigation treatment (Table 8). It is interesting and noteworthy that irrigation 

with as little as that applied in the ‘high’ treatment could exacerbate lodging and reduce yields 

when the total rainfall received by the crop was 16 times greater than the irrigation. 

Many other yield components were reduced significantly by the high irrigation treatment, 

including sucrose yield, and total biomass yield (Table 8). A loss in sucrose yield of at least 4 

t/ha due to irrigation is in stark contrast to the 7 t/ha gain from irrigation in the first ratoon 

crop. This phenomenon increases the risk of investments in supplementary irrigation in a way 

that may not have been considered before. Although consideration is now being given to 

lodging mechanisms in APSIM, none were available when simulations were conducted for 

this project. 

Cane yield in the form of suckers was not included in main stem cane yield but would have 

‘diluted’ main stem cane yield by between 13 and 17 % if both stem classes were harvested 

together. 

 

 



 

 

 

Table 7. Results of plant sampling in second ratoon crop at Bambaroo:  Stalk and leaf number, leaf area (LA), dry matter content (DMC), brix content (BC), fibre 
content (FC) and sucrose content (SC). 

 Treatment means Statistics 

Date 10/02/98 16/06/98 21/10/98 10/02/98 16/06/98 21/10/98 

Age (months) 5 9 13 5 9 13 

Main stem or suckers Main stem Main stem Main stem Suckers Main stem Main stem Main stem suckers 

Treatment High Med Low High Med Low High Med Low High Med Low p LSD p LSD p LSD p LSD 

Dead leaf no. per stalk 3.9 4.2 1.7 16.4 16.0 14.6 23.8 24.3 23.9 2.6 2.7 2.9 0.171 NS 0.283 NS 0.889 NS 0.899 NS 

Green leaf no. per stalk 7.4 7.2 8.2 7.4 7.8 7.7 7.8 7.0 7.7 5.8 5.8 5.7 0.823 NS 0.399 NS 0.375 NS 0.956 NS 

Total leaf no. per stalk 11.3 11.4 9.9 23.8 23.8 22.3 31.5 31.3 31.6 8.3 8.5 8.6 0.113 NS 0.448 NS 0.984 NS 0.965 NS 

Live Stalks per m2 10.1 10.2 10.1 8.8 9.0 8.3 6.6 9.0 8.3 3.6 4.6 3.5 0.995 NS 0.302 NS 0.017 1.9 0.254 NS 

Dead Stalks per m2    0.3 0.2 0.1 0.7 0.2 0.0      0.569 NS 0.153 NS   

Total stalk no. per m2 10.1 10.2 10.1 10.5 10.5 9.7 10.2 13.6 11.8 3.6 4.6 3.5 0.995 NS 0.351 NS 0.023 2.7 0.254 NS 

Sucker no. per m2    1.8 1.5 1.4 3.6 4.6 3.5      0.595 NS 0.254 NS   

LA per gram DM (cm2/g) 96.7 101.7 95.4 87.9 83.5 83.2 81.8 83.8 83.8 101.5 105.7 101.8 0.148 NS 0.256 NS 0.906 NS 0.808 NS 

LA index 3.3 3.7 3.0 2.8 2.8 2.6 2.2 2.5 2.6 1.0 1.2 1.0 0.159 NS 0.496 NS 0.137 NS 0.285 NS 

LA per stalk (cm2) 3489 3634 3003 3203 3104 3176 3340 2777 3153 3147 2835 2878 0.637 NS 0.611 NS 0.066 NS 0.687 NS 

DMC of green leaf 0.298 0.299 0.287 0.317 0.313 0.315 0.362 0.360 0.370 0.283 0.290 0.277 0.410 NS 0.901 NS 0.782 NS 0.654 NS 

DMC of mature stem 0.187 0.195 0.184 0.288 0.292 0.290 0.301 0.315 0.298 0.180 0.182 0.176 0.161 NS 0.789 NS 0.654 NS 0.842 NS 

DMC of cabbage 0.155 0.164 0.154 0.201 0.207 0.206 0.199 0.215 0.210 0.143 0.147 0.138 0.108 NS 0.558 NS 0.153 NS 0.473 NS 

DMC of trash 0.739 0.779 0.806 0.871 0.855 0.878 0.849 0.849 0.832 0.534 0.525 0.564 0.780 NS 0.144 NS 0.819 NS 0.465 NS 

DMC of stalk and cabbage  0.179 0.186 0.175 0.281 0.284 0.282 0.294 0.308 0.292 0.165 0.175 0.162 0.047 0.011 0.802 NS 0.685 NS 0.492 NS 

DMC of cabb. & green leaf 0.207 0.215 0.205 0.261 0.261 0.261 0.276 0.280 0.289 0.181 0.189 0.179 0.177 NS 0.999 NS 0.309 NS 0.400 NS 

DMC of total biomass 0.202 0.211 0.204 0.309 0.313 0.314 0.323 0.335 0.327 0.186 0.194 0.186 0.317 NS 0.697 NS 0.837 NS 0.549 NS 

DMC of tot. biomass less trash 0.195 0.202 0.192 0.284 0.287 0.285 0.298 0.310 0.297 0.180 0.188 0.177 0.096 NS 0.884 NS 0.720 NS 0.511 NS 

SC of stalks (DM basis) 0.231 0.255 0.240 0.445 0.459 0.466 0.468 0.481 0.516 0.261 0.279 0.261 0.171 NS 0.273 NS 0.356 NS 0.780 NS 

SC of stalks (FM basis) 0.043 0.050 0.044 0.128 0.134 0.135 0.141 0.149 0.151 0.050 0.050 0.046 0.103 NS 0.339 NS 0.058 NS 0.905 NS 

FC of stalks (DM basis) 0.590 0.577 0.593 0.484 0.475 0.474 0.475 0.462 0.495 0.546 0.547 0.530 0.615 NS 0.583 NS 0.646 NS 0.644 NS 

FC of stalks (FM basis) 0.098 0.098 0.096 0.115 0.114 0.114 0.116 0.119 0.118 0.084 0.085 0.080 0.827 NS 0.827 NS 0.729 NS 0.599 NS 

Purity % 47.9 53.1 49.6 86.5 87.8 89.3 89.8 91.2 91.4 57.0 57.9 55.8 0.097 NS 0.130 NS 0.195 NS 0.960 NS 

Brix 11.4 11.9 11.2 19.5 20.0 19.8 20.7 21.8 21.8 11.1 10.8 10.4 0.034 0.7 0.688 NS 0.096 NS 0.764 NS 



 

 

 
 

 

Table 8. Results of plant sampling in second ratoon crop at Bambaroo:  Partitioning fractions, dry mass (DM) and fresh mass (FM) and sucrose yield. 

 Treatment means Statistics 

Date 10/02/98 16/06/98 21/10/98 10/02/98 16/06/98 21/10/98 

Age (months) 5 9 13 5 9 13 

Main stem or suckers Main stem Main stem Main stem Suckers Main stem Main stem Main stem suckers 

Treatment High Med Low High Med Low High Med Low High Med Low p LSD p LSD P LSD p LSD 

Fract. Of trash in total biomass 0.052 0.058 0.077 0.117 0.128 0.135 0.122 0.115 0.142 0.048 0.051 0.066 0.361 NS 0.486 NS 0.059 NS 0.821 NS 

Fract. of cabbage in total 

biomass 

0.177 0.179 0.174 0.047 0.050 0.055 0.041 0.031 0.036 0.252 0.221 0.222 0.851 NS 0.006 0.005 0.451 NS 0.256 NS 

Fract. of green leaf in total 

biomass 

0.196 0.195 0.203 0.081 0.081 0.086 0.064 0.054 0.062 0.203 0.186 0.189 0.318 NS 0.257 NS 0.417 NS 0.475 NS 

Fract. of stalk in total biomass 0.575 0.568 0.545 0.755 0.741 0.724 0.774 0.800 0.760 0.497 0.543 0.523 0.368 NS 0.260 NS 0.106 NS 0.163 NS 

Fract. of stalk and cabb. in total 

biomass 

0.752 0.747 0.719 0.802 0.792 0.779 0.815 0.831 0.797 0.749 0.763 0.745 0.167 NS 0.399 NS 0.034 0.026 0.312 NS 

Fract. of cabb. & green leaf in 

total biom. 

0.373 0.373 0.377 0.128 0.131 0.141 0.104 0.085 0.098 0.455 0.406 0.411 0.919 NS 0.067 NS 0.427 NS 0.274 NS 

Cane yield (t/ha) 52.6 54.8 45.7 104.4 105.7 91.1 108.2 140.5 129.4 13.9 17.1 15.5 0.209 NS 0.209 NS 0.003 13.5 0.462 NS 

Cane plus cabbage yield (t/ha) 72.3 75.2 63.2 113.8 115.7 100.9 116.6 148.7 138.1 22.7 25.8 23.9 0.171 NS 0.247 NS 0.001 11.9 0.659 NS 

DM of green leaf (g/m2)  337.3 365.4 315.0 319.2 334.5 316.0 264.4 297.5 309.8 99.6 109.6 98.8 0.272 NS 0.654 NS 0.060 NS 0.600 NS 

DM of mature stem (g/m2)  977.4 1064.1 838.4 2998.1 3070.9 2644.2 3263.1 4410.7 3843.5 252.5 322.2 270.8 0.045 221.3 0.178 NS 0.035 886.7 0.301 NS 

DM of cabbage (g/m2)  304.4 334.8 269.7 187.7 207.2 200.8 167.6 170.0 182.6 124.2 129.9 114.4 0.129 NS 0.360 NS 0.746 NS 0.462 NS 

DM of trash (g/m2)  89.0 106.6 120.9 459.1 520.6 492.0 510.2 634.1 724.5 25.2 30.8 33.7 0.642 NS 0.437 NS 0.082 NS 0.811 NS 

DM of stalk and cabbage 

(g/m2) 

1281.7 1398.9 1108.1 3185.8 3278.1 2844.9 3430.8 4580.8 4026.1 376.7 452.2 385.1 0.040 275.4 0.200 NS 0.032 870.9 0.330 NS 

DM of cabbage and green leaf 

(g/m2)  

641.6 700.3 584.7 507.0 541.7 516.8 432.0 467.6 492.4 223.8 239.5 213.2 0.167 NS 0.578 NS 0.254 NS 0.522 NS 

DM of total biomass (g/m2)  1708.0 1870.9 1544.0 3964.1 4133.2 3652.9 4205.4 5512.4 5060.4 501.5 592.5 517.7 0.118 NS 0.177 NS 0.036 1059.8 0.381 NS 

DM of total biomass minus 

trash (g/m2)  

1619.0 1764.3 1423.1 3505.0 3612.6 3160.9 3695.2 4878.3 4335.9 476.3 561.7 484.0 0.060 NS 0.215 NS 0.028 870.1 0.354 NS 

Sucrose yield (g/m2) 224.7 270.6 201.1 1329.3 1407.9 1231.7 1529.7 2122.4 1954.9 68.2 92.2 70.0 0.017 54.4 0.143 NS 0.002 237.8 0.281 NS 

Fibre yield (g/m2) 577.8 614.2 497.1 1453.8 1458.2 1254.9 1548.4 2037.6 1877.1 137.6 175.7 143.6 0.108 NS 0.231 NS 0.017 323.6 0.202 NS 

Fresh cane mass per stalk (g)  553.8 537.8 461.2 1189.9 1171.0 1105.6 1692.2 1549.4 1558.2 425.7 409.1 447.3 0.612 NS 0.606 NS 0.607 NS 0.894 NS 

Dry cane mass per stalk (g)  103.9 104.5 84.5 341.7 340.8 321.2 510.0 486.4 462.7 76.3 76.9 78.3 0.493 NS 0.600 NS 0.744 NS 0.997 NS 

Dry total biomass per stalk (g)  180.9 183.8 155.3 452.4 459.3 443.4 656.4 608.0 609.3 153.6 140.6 149.6 0.605 NS 0.750 NS 0.689 NS 0.854 NS 



SUGAR RESEARCH AND DEVELOPMENT CORPORATION FINAL REPORT - PROJECT N
O.

 CTA018 

 19 

2. Field trials - Mackay 

The second experiment was conducted on paddock 9-1 the farm of Mr John Powell at 

Dumbleton (149 08' 24'' E, 21 08' 24'' S) near Mackay. Measurements and recordings were 

not as intensive as in the Bambaroo trial but scientific rigour was sufficient for the purpose of 

drawing conclusions from the application of various irrigation treatments. The soil types in 

vicinity of the trial were predominantly St Helens and Brightley soils according to the QDPI 

Mackay Sugar Cane Land Suitability Study (Holz and Shields, 1985). The parent material is 

classed as quaternary alluvium with the landforms being stream terraces and floodplains with 

modal slopes of 0-2%. 

The Brightley soil is described as an alkaline, grey, self-mulching, cracking clay developed on 

quartenary alluvium. The Great Soil Group is grey clay with the landform described as 

alluvial plains with modal slopes of 0-1% (Holz and Shields, 1985). 

The northern two-thirds of the trial area was a prairie soil with a more uniform soil 

distribution across the field. A previous watershed runs diagonally through plots 5 to 9. The 

paddock slopes down towards the creek on the northern end of the trial area into the heavier 

clay based soil. 

 

2.1 Field History 

Paddock 9-1 had been used for the purpose of growing sugar cane for many years except for a 

30m band at the northern end of the paddock adjacent to the flushing lines. Some of this area 

had only been used for sugar cane production for one crop cycle. The area was put into 

production following earthworks altering the flow of the adjacent creek. The previous crop 

was rotary hoed in November 1995 and subsequently disked, ripped and then laser levelled by 

December 1995. A cowpea crop was planted mid December 1995. This crop was sprayed out 

in late April 1996 without being harvested. The paddock was then disked twice, ripped and 

disked again. Clay sections that were still relatively uneven were ripped, rolled, disked and 

hoed. The paddock was laser levelled in May 1996, filling washouts with sandier soil. The 

paddock was planted to Q135 in June 1996. 

 

2.2 Irrigation and Experiment design 

The trial consisted of eight, 12-row trickle bays with rows at 1.6m spacing and 270-300 m 

long. The rows and trickle bays were laid out on a North/South axis with the mains supply 

lines running parallel to the southern headland. The soil surface was clayey at the end near the 

creek and sandy at the other end (Fig. 4). It was initially planned to determine the influence of 

soil type on response to irrigation by sampling at either end of each bed. 

Flushing lines were connected at the northern end of the paddock and ended at a point 

midway along the northern border of the paddock. The plots were irrigated with Netafim 

Python 135 trickle tape laid at 200mm depth under the cane row. Emitter spacing was 500mm 

with a discharge rate of 1.1 L\hr. Irrigation was obtained from a bore producing 83-138 kPa 

from a 3 stage turbine pump rated at 54,000 l/hr. Trickle treatments were controlled by a 

programmable ‘Gal Compact 505102’ controller that also recorded irrigation events. 

However, this device broke down after a while and these operations were done manually. The 

eight-replicate trickle bays were controlled by hydraulic pressure lines that fed into four 

solenoids controlling the respective treatments. The controller and the trickle filtration 

equipment were situated at the south-western corner of the paddock (Fig. 4). 
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Figure 4. Layout of irrigation trial at Mackay. 

 

A Campbell automatic weather station (AWS) measuring solar radiation, rainfall, windspeed, 

temperature and relative humidity was installed at the controller site. Solar power was used 

for both AWS and the controller. 

Dip wells were installed in one replication (plots 2 and 11) of the full irrigation treatment and 

in one replication of the rainfed treatment (plots 6 and 15). Irrigation was to be suspended if 

the water table rose above 1.0 mm below the surface but this never occurred long enough (if 

at all) for measurement. 

Three tensiometers were inserted to a depth of 300 mm to assist John Powell with irrigation 

scheduling of the full irrigation treatment. Scheduling of other treatments depended on the full 

irrigation schedule. 

 

2.3 Irrigation Treatments 

Plot and treatment numbers are those used for operation of the experiment and to identify 

stored data. These numbers will be retained to avoid confusion. Treatment N
o.
 1 was 

originally intended to be a rainfed control using a few rows of unirrigated Q135 alongside the 

experiment but this plan was discarded because of statistical design problems and because too 

few rows were available for sampling. Treatments differed between plant and ratoon crops 

and the statistical design was also changed from a simple random design in the plant crop to a 

random block design in the ratoon crop (Fig. 4). 
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2.3.1 Plant crop treatments 

Treatment 2 (Full irrigation) was irrigated at 2-day intervals to meet crop water demand when 

rainfall was thought to be inadequate. This was continued over the crop cycle based on 

estimated crop water use with reference to an evaporation minipan situated within 1000m of 

the trial (near John’s house). Treatment 3 (Half irrigation) was irrigated at half the full 

frequency (4 day intervals) for the full duration of the crop. Treatment 4 (Half-early irrigation) 

was the same as treatment 3 but irrigation terminated after April 1997. Treatment 5 (Half-late 

irrigation) was the same as treatment 3 but irrigation started after April 1997. 

 

2.3.1 Ratoon crop treatments 

Treatment 2 (Full irrigation) was irrigated throughout the crop cycle as in the plant crop 

except for drying off before harvest. Tensiometers at 30 cm were to be used as a guide. These 

were not calibrated against stalk growth but 30 to 50 kPa was suggested as the refill point. 

Treatment 3: (Half irrigation) Irrigate every second time that treatment 2 gets irrigated. 

Treatment 4: (Quarter irrigation) Irrigate every 4
th

 time that treatment 2 gets irrigated. 

Treatment 5: (Rainfed) Not irrigated unless stools are at risk. 

 

2.4 Measurements 

The quadrat procedure of Muchow et al. (1993), used for determining yield in the Bambaroo 

trial, was attempted but it was clear that one 16m
2
 quadrat was not able to represent treatments 

applied over plots as large as 300 x 19.2 m. A grid sampling procedure was then introduced. 

A 5 m length of two adjacent rows was marked accurately at the ‘sandy’ end of each plot row. 

Stalks in this 10 m (16 m
2
) section were counted and 15 contiguous stalks in row 3 of each 12-

row plot were cut from a point about 1m away from the counted area. These stalks were 

weighed without removing trash. The stalk counts, stalk mass and resultant biomass yield 

constituted a sampling unit (SU). Ten of these were measured at 30 m intervals in each of 

eight plots. Stalks were cut alternately from row 3 or 4. The 15 stalks from SU 1 and 10 were 

removed for partitioning and juice analysis. Rows 6 and 7 were used for grid sampling in the 

ratoon crop to avoid the sampling in the vicinity of plant crop SUs. The number of SUs per 

plot was increased to 12 in the ratoon crop. 

Sampling was conducted three times in each crop but not all SUs could be accessed during the 

last two samplings of the ratoon crop, which had lodged. 

 

2.5 Results – Mackay 

The 14-month plant crop received 1751 mm rain and the 10 month ratoon crop received 

1386 mm (Table 9). Irrigation required to supplement rainfall fully, amounted to 383 mm in 

the plant crop and 226 mm in the first ratoon crop. No irrigation was required in the second 

ratoon crop and the experiment was thus discontinued. 
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Table 9. Cumulative irrigation applied prior to each sampling date at Mackay. 

Crop Sample Date Age Irrigation treatment 

Plant   Full Half Half-early Half-late 

 18-Mar 97 9 192 94 77 25 

 20-June 97 12 332 177 85 85 

 20-Sep 97 15 383 200 85 85 

1st ratoon   Full Half Quarter Rainfed 

 24-Mar 98 6 169 66 34 0 

 31-May 98 8     

 28-July 98 10 226 91 48 0 

 

The challenge at his site was to identify treatment effects in a paddock with the type of yield 

variability shown in Fig. 5 where total fresh mass yields, determined at 80 SU grid points 

during the first grid sampling of the plant crop, are plotted. This type of variation is probably 

common to most cane paddocks subjected to limited or no irrigation. 
 

 

 

Figure 5. Total fresh mass (FWTOTA, t/ha) at 10 sampling units (SU) 30 m apart in each of eight 
plots (2 to 9) on 18 March 1997. 

 

2.5.1 Soil 

The soil in Paddock was highly variable judging from the results of the grid survey yields 

(Fig. 5). This made it difficult to characterise the soil for the purpose of simulating crop 

growth. Some characteristics of this soil are provided in Table 10. Cores were taken from the 

parts of the paddock that produced high total fresh mass yields (good area) and others were 

taken from the weakest parts of the paddock (poor area). It was clear that yield was related to 

the depth at which the soil changed from clay to sand that underlay the clay top soil 

throughout the paddock. In parts where yield was greatest, the transition occurred at about 120 

cm but only at 40 cm where the yield was lowest. The location of cores used for the particle 

size distribution in Table 10 could not be established. 
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Table 10. Particle size distribution and gravimetric water content at 1500 kPa suction (Lower limit) 
of cores taken at various depths and locations in Paddock 9-1 on John Powell’s farm. 
Lower limit readings were taken in parts of the paddock that produced the highest and 
lowest cane yields in the grid sampling procedure. 

 Particle size distribution (%) Gravimetric water content at 1500 kPa 

Depth Fine 

sand 

Coarse 

sand 

Total 

Sand 

Silt Clay Depth Good area Poor area 

       Mean SD Mean SD 

      0-15 13.5 0.940 8.1 0.217 

20-40 42.0 13.2 55.2 19.9 25.0 15-30 14.1 0.044 8.5 0.305 

      30-45 12.7 0.359 2.4 0.134 

40-60 39.3 11.8 51.2 19.9 29.0 45-60 13.0 0.298 1.9 0.048 

60-90 44.3 4.2 48.5 28.5 23.0 60-90 13.0 0.202 2.1 0.203 

90-120 36.4 4.1 40.5 26.5 33.0 90-120 12.7 0.310 2.7 0.098 

120-150 36.3 5.6 41.8 35.2 23.0 120-150 9.4 0.165 4.2 0.087 

150-180 35.0 4.9 39.8 15.2 45.0 150-180 6.1 0.133   

 

2.5.2 Plant crop results 

Leaf numbers 

Irrigation had no significant effect on leaf numbers (Table 11). 

 

Stalk numbers 

Total stalk number was affected by irrigation at 9 months but not at later stages of sampling 

(Table 11). At 9 months, the full irrigation treatment had a greater stalk population than half 

and half-late irrigation treatments. The trend for stalk population to increase with increasing 

irrigation was present at harvest but differences were not significant. It was interesting how 

stalk numbers in this variety, Q135, remained fairly constant from 9 to 15 months (Table 11). 

This is probably because the crop remained largely erect until harvest. 

 

Leaf area 

Specific leaf area for Q135 was generally greater than for Q124 in the Bambaroo trial, but it 

was not affected by irrigation, as occurred at Bambaroo. Facilities for measuring leaf area 

were not available at the time of the last sampling. Treatment effects on LAI were not 

significant, although the tendency for LAI to be greater with more irrigation was evident at 9 

and 12 months (Table 11). 

 

Dry matter content (DMC), Fibre, Brix and sucrose content 

Irrigation did not affect DMC of any crop component significantly at any stage. Composition 

of mature stalks was also unaffected by irrigation (Table 11). 

 

Partitioning fractions 

Differences between treatments in dry matter partitioning were not significant but some 

differences observed at 9 months came close to significance. Fraction of stalk in total biomass 

tended to be higher in full than in half irrigation treatments (Table 12). 
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Table 11. Results of plant sampling in plant crop at Mackay:  Stalk and leaf number, leaf area (LA), dry matter content (DMC), brix content (BC), fibre content 

(FC) and sucrose content (SC). 

 Treatment means Statistics 

Date 19/3/97 20/6/97 20/9/97 19/3/97 20/6/97 20/9/97 

Age (months) 9 12 15 9 12 15 

Irrigation treatment Full Half Late Full Half Early Late Full Half Early Late p LSD p LSD p LSD 

Dead leaf number per stalk 5.6 4.3 2.7 11.7 10.9 11.1 9.9 16.4 16.5 16.4 16.1 0.094 NS 0.352 NS 0.966 NS 

Green leaf number per stalk 7.9 8.7 8.8 8.6 8.7 8.5 9.4 6.3 4.7 7.2 6.3 0.749 NS 0.759 NS 0.109 NS 

Total leaf number per stalk 13.5 13.0 11.5 20.2 19.6 19.5 19.3 22.7 21.2 23.6 22.4 0.594 NS 0.946 NS 0.420 NS 

Total stalk number per m2 10.9 8.4 9.3 10.7 10.7 10.5 9.4 10.6 10.3 9.8 9.3 0.040 0.8 0.235 NS 0.108 NS 

Leaf area per gram DM (cm2/g) 109.7 109.6 96.4 101.4 101.1 105.0 103.7 0.0 0.0 0.0 0.0 0.275 NS 0.876 NS 0.158 NS 

Leaf area index 6.2 5.0 4.3 6.6 6.2 5.3 5.7 0.0 0.0 0.0 0.0 0.158 NS 0.327 NS 0.236 NS 

Leaf area per stalk (cm2) 5721 5863 4647 6211 5760 5093 6087 0 0 0 0 0.236 NS 0.145 NS 0.052 NS 

DMC of green leaf 0.361 0.375 0.391 0.311 0.335 0.326 0.296 0.368 0.370 0.337 0.352 0.833 NS 0.112 NS 0.143 NS 

DMC of mature stem 0.207 0.202 0.208 0.249 0.277 0.256 0.238 0.313 0.314 0.309 0.310 0.966 NS 0.209 NS 0.963 NS 

DMC of cabbage 0.178 0.195 0.186 0.177 0.192 0.187 0.173 0.253 0.257 0.234 0.242 0.703 NS 0.117 NS 0.581 NS 

DMC of stalk and cabbage  0.201 0.200 0.202 0.240 0.265 0.249 0.227 0.308 0.309 0.302 0.303 0.995 NS 0.170 NS 0.907 NS 

DMC of cabb. & green leaf 0.247 0.265 0.268 0.242 0.258 0.256 0.229 0.310 0.313 0.287 0.297 0.798 NS 0.067 NS 0.221 NS 

DMC of total biomass 0.213 0.218 0.226 0.236 0.258 0.245 0.226 0.342 0.350 0.328 0.340 0.880 NS 0.212 NS 0.497 NS 

DMC of tot. biomass less trash 0.218 0.223 0.228 0.248 0.273 0.256 0.236 0.313 0.314 0.305 0.307 0.926 NS 0.148 NS 0.835 NS 

Sucrose content of stalks (DM basis)    0.433 0.456 0.450 0.454 0.509 0.524 0.512 0.512   0.833 NS 0.551 NS 

Sucrose content of stalks (fresh mass 

basis) 

   0.108 0.127 0.115 0.108 0.160 0.164 0.158 0.159   0.342 NS 0.651 NS 

FC of stalks (DM basis)    0.493 0.462 0.481 0.561 0.523 0.502 0.527 0.518   0.466 NS 0.225 NS 

FC of stalks (fresh mass basis)    0.000 0.000 0.000 0.000 0.142 0.134 0.142 0.137       

Purity %    84.3 94.1 87.0 83.1 94.6 95.2 95.3 94.4   0.120 NS 0.147 NS 

Brix    16.2 17.4 17.1 16.7 22.2 22.7 21.8 22.2   0.577 NS 0.794 NS 
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Table 12. Results of plant sampling in the plant crop at Mackay : Partitioning fractions, dry mass (DM) and fresh mass (FM) and sucrose yield 

 Treatment means Statistics 

Date 19/3/97 20/6/97 20/9/97 19/3/97 20/6/97 20/9/97 

Age (months) 9 12 15 9 12 15 

Irrigation treatment Full Half Late Full Half Early Late Full Half Early Late p LSD p LSD p LSD 

Proportion of trash in total biomass 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.144 0.167 0.121 0.153 0.076 NS 0.108 NS 0.727 NS 

Proportion of cabbage in total biomass 0.148 0.182 0.167 0.081 0.089 0.071 0.107 0.055 0.057 0.061 0.061       

Proportion of green leaf in total biomass 0.180 0.219 0.234 0.135 0.132 0.123 0.151 0.080 0.080 0.091 0.088 0.125 NS 0.533 NS 0.497 NS 

Proportion of stalk in total biomass 0.672 0.599 0.599 0.784 0.779 0.807 0.741 0.722 0.696 0.728 0.697 0.072 NS 0.272 NS 0.247 NS 

Proportion of stalk and cabb. in total 

biomass 

0.820 0.781 0.766 0.865 0.868 0.877 0.849 0.777 0.753 0.789 0.758 0.125 NS 0.533 NS 0.081 NS 

Proportion of cabb. & green leaf in total 

biom. 

0.328 0.401 0.401 0.216 0.221 0.193 0.259 0.135 0.136 0.151 0.149 0.072 NS 0.272 NS 0.570 NS 

Cane yield (t/ha) 102.8 61.4 55.3 152.9 130.3 130.3 113.5 175.6 157.7 132.0 137.9 0.052 NS 0.041 15.7 0.050 20.8 

Cane plus cabbage yield (t/ha) 129.2 80.7 72.4 175.2 151.6 145.9 136.0 192.2 173.5 146.5 153.4 0.048 22.0 0.075 NS 0.073 NS 

DM of green leaf (g/m2) 570 450 445 658 613 507 551 609 575 507 546 0.076 NS 0.454 NS 0.776 NS 

DM of mature stem (g/m2) 2127 1225 1144 3814 3600 3335 2694 5505 4952 4081 4283 0.002 77.5 0.012 300.8 0.089 NS 

DM of cabbage (g/m2) 469 374 319 394 410 293 390 421 407 340 380 0.048 54.6 0.185 NS 0.724 NS 

DM of stalk and cabbage (g/m2) 2597 1599 1462 4208 4010 3628 3085 5925 5359 4420 4663 0.002 83.7 0.011 298.8 0.115 NS 

DM of cabbage and green leaf (g/m2) 1039 823 764 1052 1023 800 941 1029 982 847 926 0.030 81.4 0.344 NS 0.751 NS 

DM of total biomass (g/m2) 3166 2048 1908 4865 4623 4135 3636 7630 7125 5605 6158 0.000 34.0 0.015 370.9 0.145 NS 

DM of total biomass minus trash (g/m2) 3166 2048 1908 4865 4623 4135 3636 6534 5934 4928 5208 0.000 34.0 0.015 370.9 0.152 NS 

Sucrose yield (g/m2)    1651 1639 1501 1221 2803 2590 2088 2189   0.013 127.7 0.050 351.2 

Fibre yield (g/m2)    1877 1672 1605 1507 2877 2488 2151 2218   0.372 NS 0.125 NS 

Fresh cane mass per stalk (g) 940 729 601 1434 1213 1246 1212 1657 1538 1344 1476 0.204 NS 0.051 NS 0.061 NS 

Dry cane mass per stalk (g) 195 145 124 358 335 319 289 519 483 415 458 0.030 20.2 0.205 NS 0.085 NS 

Dry total biomass per stalk (g) 290 243 207 456 431 396 389 720 694 571 657 0.024 20.6 0.123 NS 0.138 NS 



SUGAR RESEARCH AND DEVELOPMENT CORPORATION FINAL REPORT - PROJECT N
O.

 CTA018 

 26 

Yield 

The effect of irrigation on cane yield was significant or nearly so at each sampling stage. 

Response to irrigation was largely obtained by 9 months when yields of the half-late and half 

treatment were 47 and 41 t cane/ha less than the full irrigation treatment (Table 12). The 

differences between full, half and half-late treatments narrowed somewhat at later samplings 

but the response (38 t/ha) to full irrigation compared to the half-late treatment was still 

considerable at 15 months. The half-early treatment was not sampled at 9 months because 

water applied at that stage was similar in both treatments. At 12 months the yields of half-

early and half-late irrigation treatments were the same. The half-early treatment did not 

develop much more yield after 12 months and was the lowest yielding treatment at 15 months. 

By contrast the half-late treatment responded to irrigation applied after March, by producing 

another 24 t cane/ha. Half and full irrigation treatments which also received irrigation after 

March, produced an extra 27 and 22 t cane/ha respectively (Table 12). 

The high yields determined by grid sampling were confirmed by bin weights taken from the 

top and bottom half of each plot when the crop was harvested (Table 13). Yield responses to 

irrigation determined from bin weights corresponded to some extent with the response 

determined from grid sample data, but there were some uncertainties with marking of bins 

which cast doubt on the reliability of the bin data. 

 
Table 13. Plant crop cane yield (t/ha) obtained from bin weights during harvesting. 

Part of block Irrigation treatment 

 Full Half Half-early Half-late 

Top (‘sandy’) 156 148 141 136 

Bottom (‘clay’) 163 165 156 156 

 

Irrigation water use efficiency (IWUE) 

Unfortunately there was no rainfed treatment in this experiment but the two lowest levels of 

irrigation could be regarded as controls for the two highest levels because irrigation to one or 

other of the lowest levels was always applied to the high level treatments. Irrigation to the low 

levels could be regarded as rainfall to the whole site as far as the high levels are concerned. 

The two low levels were not comparable in this way. IWUE ranged from 8.8 to 28.4 t cane per 

ML irrigation applied (compared to control). The range in IWUE at 15 months was less 

extreme as yield and irrigation differences narrowed and irrigation quantities increased (Table 

14). The results confirmed those of the Bambaroo experiment that IWUE can exceed the 

average water use efficiency benchmark of 12 t cane/ML (Kingston, 1994) by a considerable 

margin. 
 

Table 14. Irrigation water use efficiency (t cane/ML, IWUE) in a plant crop of Q135 at Mackay 
using the two lowest levels of irrigation as control. 

 IWUE with half-early as control IWUE with half-late as control 

Age (months) Full Half Full Half 

9   28.4 8.8 

12 9.1 0.0 16.0 18.3 

15 14.6 22.3 12.7 17.2 
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2.5.3 First Ratoon crop 

The ratoon crop lodged after the first sampling in March 1998 and this made sampling of all 

grid positions impossible. Yields of the third sampling were not reliable because only two or 

three of the 12 sampling sites in each plot could be accessed. However, other attributes could 

still be determined from 15-stalk sub-samples taken from the top end of the trial. Attention 

was given to bin weights to obtain plot yields at harvesting which was at 10 months in the 

ratoon crop. 

 

Leaf numbers and Stalk numbers 

There were no significant differences in attributes of leaf or stalk number at any sampling 

stage. Stalk populations were generally lower than in the plant crop and some dead stalks 

were detected at harvesting, no doubt because of lodging (Table 15). 

 

Leaf area 

Differences in LAI or leaf area per stalk were not significant and significant differences in 

SLA were not meaningful (Table 15). In the ratoon crop, LAI at harvest was much lower than 

when the plant crop was harvested even though the ratoon crop was 5 months younger than 

the plant crop. The reduced LAI in the ratoon crop is probably associated with lodging. 

 

Dry matter content (DMC) 

Treatment effects on DMC were either not significant or not meaningful (Table 15). 

 

Fibre, Brix and sucrose content 

Sucrose content of dry mass was always greater in the half than the full irrigation treatment 

possibly because ripening effects of partial water stress. Sucrose contents of the quarter and 

no irrigation treatments were similar or lower than those of the half irrigation treatment. These 

effects were also evident in sucrose content of fresh stalk mass but differences were 

significant in only the March sampling (Table 15). Juice purity was always greatest in the half 

irrigation treatment but this was significant only in March. 

 

Yield 

Although statistical significance was only achieved in the case of sucrose yield at final harvest 

(Fig. 6), it is reasonable to assume from the yield trend with increasing irrigation, that cane 

and sucrose yields determined by sampling at 6 months and by bin weights at 10 months, were 

influenced by irrigation as observed. Grid sampling was inadequate for yield measurement at 

8 and 10 months. The benefit to the grower from 226 mm irrigation was an additional 32.6 

t/ha cane yield and 3.5 t/ha sucrose yield. The benefit from 91 mm of half irrigation was an 

additional 26.0 t/ha cane yield and 2.5 t/ha sucrose yield (Fig. 6). 
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Figure 6. Effect of increasing supplementary irrigation on cane and sucrose yields determined by 
bin weights and mill CCS at harvest. Bars show SE of treatment means. 

 

IWUE 

Cane yield response to the half irrigation treatment of 91 mm was 26.1 t/ha resulting in an 

IWUE of 28 t/ML and response to the full irrigation treatment of 226 mm was 32.6 t/ha 

resulting in an IWUE of 14 t/ML. Response to quarter irrigation of 48 mm was 17.9 t/ha 

resulting in an IWUE of 37 t/ML. These values confirm the range in IWUE already 

demonstrated in previous experiments and the tendency for IWUE to increase with decreasing 

irrigation. Unfortunately, variability in rainfall and soil type make it impossible to generalise 

directly from these results and we have to rely on crop growth simulation to apply these 

results beyond the immediate conditions of this experiment. 
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Table 15. Results of plant sampling in first ratoon crop at Mackay:  Stalk and leaf number, leaf area (LA), dry matter content (DMC), brix content (BC), fibre 
content (FC) and sucrose content (SC). 

 Treatment means Statistics 

Date 23-Mar-98 31-May-98 27-Jul-98 23-Mar-98 31-May-98 27-Jul-98 

Age (months) 6 8 10 6 8 10 

Treatment Full Half Early Late Full Half Early Late Full Half Early Late p LSD p LSD p LSD 

Dead leaf number per stalk 7.4 6.8 5.9 6.0 15.5 11.2 12.8 12.8 16.3 14.1 15.4 13.7 0.353 NS 0.002 2.5 0.080 NS 

Green leaf number per stalk 8.2 8.4 8.3 8.4 11.5 9.0 9.8 10.1 8.7 6.1 8.2 7.7 0.986 NS 0.111 NS 0.299 NS 

Total leaf number per stalk 15.6 15.1 14.2 14.4 27.0 20.1 22.6 22.9 25.0 20.3 23.6 21.3 0.600 NS 0.010 5.2 0.055 NS 

Total stalk number per m2 0.0 0.0 0.0 0.0 8.5 8.3 9.3 8.9 8.6 8.1 8.6 9.3   0.218 NS 0.366 NS 

Dead stalk number per m2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.1 0.1       

Leaf area per gram DM (cm2/g) 108.3 104.9 106.9 104.6 113.3 99.2 118.7 112.1 113.6 97.8 100.3 96.3 0.658 NS 0.029 16.8 0.002 2.8 

Leaf area index 5.3 5.3 5.1 4.1 3.8 4.9 5.1 4.7 3.7 2.7 2.9 3.3 0.412 NS 0.146 NS 0.540 NS 

Leaf area per stalk (cm2)     3756 5885 5438 5306 4304 3357 3387 3511   0.061 NS 0.331 NS 

DMC of green leaf 0.332 0.331 0.332 0.320 0.363 0.374 0.357 0.363 0.357 0.330 0.345 0.328 0.704 NS 0.558 NS 0.369 NS 

DMC of mature stem 0.186 0.187 0.189 0.180 0.264 0.264 0.247 0.260 0.294 0.299 0.308 0.273 0.425 NS 0.123 NS 0.344 NS 

DMC of cabbage 0.171 0.171 0.174 0.168 0.194 0.184 0.178 0.187 0.263 0.191 0.242 0.201 0.925 NS 0.376 NS 0.042 0.033 

DMC of trash 0.881 0.863 0.860 0.839 0.000 0.000 0.000 0.000 0.703 0.704 0.715 0.707 0.552 NS 0.991 NS 0.453 NS 

DMC of stalk and cabbage  0.184 0.184 0.186 0.178 0.256 0.253 0.239 0.252 0.291 0.290 0.302 0.266 0.522 NS 0.129 NS 0.232 NS 

DMC of cabb. & green leaf 0.239 0.241 0.240 0.232 0.262 0.268 0.258 0.267 0.306 0.263 0.291 0.263 0.845 NS 0.290 NS 0.023 0.017 

DMC of total biomass 0.223 0.223 0.223 0.213 0.254 0.249 0.238 0.250 0.310 0.316 0.322 0.291 0.519 NS 0.212 NS 0.330 NS 

DMC of tot. biomass less trash 0.199 0.201 0.203 0.194 0.264 0.265 0.249 0.261 0.296 0.293 0.305 0.272 0.546 NS 0.123 NS 0.253 NS 

SC of stalks (DM basis) 0.239 0.286 0.278 0.275 0.413 0.435 0.415 0.436 0.483 0.506 0.479 0.488 0.022 0.043 0.036 0.028 0.036 0.011 

SC of stalks (FM basis) 0.045 0.053 0.052 0.050 0.109 0.115 0.103 0.113 0.142 0.151 0.147 0.133 0.009 0.007 0.099 NS 0.207 NS 

FC of stalks (DM basis) 0.640 0.665 0.669 0.678 0.515 0.484 0.503 0.483 0.472 0.450 0.471 0.460 0.272 NS 0.079 NS 0.360 NS 

FC of stalks (FM basis)     0.120 0.108 0.109 0.109 0.115 0.108 0.120 0.104   0.276 NS 0.330 NS 

Purity % 52.9 59.3 58.4 57.4 84.4 87.5 83.0 87.0 91.3 93.7 92.6 90.5 0.003 4.3 0.074 NS 0.324 NS 

Brix 10.4 11.3 11.3 10.7 16.5 17.0 15.6 16.5 20.3 21.1 21.0 18.9 0.023 0.9 0.106 NS 0.311 NS 
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Table 16. Results of plant sampling in the first ratoon crop at Mackay:  Partitioning fractions, dry mass (DM) and fresh mass (FM) and sucrose yield. 

 Treatment means Statistics 

Date 

Age (months) 

23-Mar-98 

6 

31-May-98 

8 

27-Jul-98 

10 

23-Mar-98 

6 

31-May-98 

8 

27-Jul-98 

10 

Treatment Full Half Early Late Full Half Early Late Full Half Early Late p LSD p LSD p LSD 

Fract. of trash in total biomass 0.136 0.129 0.121 0.118 0.000 0.000 0.000 0.000 0.081 0.124 0.090 0.106 0.615 NS 0.133 NS 0.244 NS 

Fract. of cabbage in total biomass 0.108 0.106 0.118 0.118 0.074 0.088 0.075 0.069 0.070 0.045 0.058 0.057 0.244 NS 0.066 NS 0.040 0.010 

Fract. of green leaf in total 

biomass 

0.151 0.158 0.162 0.166 0.094 0.142 0.123 0.113 0.082 0.084 0.074 0.090 0.549 NS 0.016 0.038 0.810 NS 

Fract. of stalk in total biomass 0.606 0.606 0.599 0.598 0.832 0.770 0.802 0.819 0.767 0.746 0.778 0.746 0.923 NS 0.014 0.050 0.590 NS 

Fract. of stalk and cabb. in total 

biomass 

0.714 0.712 0.717 0.716 0.906 0.858 0.877 0.887 0.837 0.792 0.836 0.804 0.978 NS 0.016 0.038 0.362 NS 

Fract. of cabb. & green leaf in 

total biom. 

0.258 0.265 0.280 0.284 0.168 0.230 0.198 0.181 0.152 0.130 0.132 0.148 0.403 NS 0.014 0.050 0.586 NS 

Cane yield (t/ha) 100.9 98.7 91.3 83.9 121.8 102.0 115.1 118.2 104.2 82.7 101.2 101.6 0.127 NS 0.238 NS 0.626 NS 

Cane plus cabbage yield (t/ha) 120.3 117.5 110.9 101.7 136.5 118.8 130.0 132.0 114.8 90.6 110.7 112.3 0.121 NS 0.428 NS 0.595 NS 

DM of green leaf (g/m2)  464 484 467 417 362 495 437 421 327 280 290 339 0.453 NS 0.206 NS 0.792 NS 

DM of mature stem (g/m2)  1885 1845 1723 1505 3215 2694 2840 3069 3048 2469 3114 2778 0.103 NS 0.215 NS 0.555 NS 

DM of cabbage (g/m2)  331 323 339 298 289 309 266 258 278 151 235 214 0.324 NS 0.480 NS 0.202 NS 

DM of trash (g/m2)  422 393 351 299 0 0 0 0 322 410 351 394 0.187 NS 0.084 NS 0.091 NS 

DM of stalk and cabbage (g/m2) 2216 2167 2062 1803 3504 3003 3105 3327 3326 2620 3349 2992 0.091 NS 0.302 NS 0.514 NS 

DM of cabbage and green leaf 

(g/m2)  

795 806 807 714 650 804 703 679 605 431 524 552 0.418 NS 0.337 NS 0.455 NS 

DM of total biomass (g/m2)  3103 3044 2880 2519 3865 3498 3542 3748 3975 3311 3989 3725 0.080 NS 0.600 NS 0.584 NS 

DM of total biomass minus trash 

(g/m2)  

2681 2651 2529 2220 3865 3 498 3542 3748 3653 2900 3639 3331 0.098 NS 0.600 NS 0.516 NS 

Sucrose yield (g/m2) 450 528 479 416 1324 1169 1179 1336 1473 1250 1488 1356 0.141 NS 0.367 NS 0.700 NS 

Fibre yield (g/m2) 1199 1224 1152 1021 1658 1303 1428 1489 1436 1112 1475 1279 0.144 NS 0.116 NS 0.481 NS 

Fresh cane mass per stalk (g)      1482 1227 1235 1328 1230 1019 1169 1094   0.328 NS 0.782 NS 

Dry cane mass per stalk (g)      390 324 305 344 358 305 360 299   0.176 NS 0.575 NS 

Dry total biomass per stalk (g)      468 421 380 421 466 409 462 401   0.303 NS 0.577 NS 
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3. Simulation and application of experimental results using the APSIM-
Sugarcane and other models 

The replicated experiments at Bambaroo and Mackay were useful for demonstrating the value 

of limited irrigation in regions of high but variable rainfall, even in the presence of a 

fluctuating water table. However, such experiments are extremely expensive and time 

consuming and can sample only a small proportion of the possible combinations of soil, plant, 

irrigation, and climatic conditions that the industry experiences. Another approach is clearly 

needed if we are to predict the effects of variations in any of the above factors affecting crop 

growth and sugar accumulation. The options for use of limited irrigation water, for example, 

are far too numerous to be assessed only by field experimentation. 

A simulation modelling approach appears to offer a solution. Process level models can be 

constructed to represent current knowledge of the most important processes governing use of 

light, water and nutrients to produce cane and sucrose yield. The APSIM-Sugarcane model is 

one such model. Constructed by experts in physical, chemical, and biological processes in the 

soil, plant and atmosphere, it has been validated for a wide variety of climatic and soil 

conditions in Australia and overseas. Algorithms in APSIM capture, with appropriate 

simplicity, the essence of current knowledge of the most important processes of growth and 

development of sugarcane. However, APSIM does not yet deal with some processes for which 

knowledge is inadequate for development of algorithms. Difficulties in matching observed 

and simulated aspects of the production system could arise from over-simplification of some 

processes and from the exclusion of others. It is likely that problems in matching theory and 

observation could arise from lack of biophysical knowledge required to develop model 

concepts and algorithms and from inadequate measurement of the soil and climatic parameters 

needed to configure the model. In addition, there are normal random errors in all observations 

to which simulations are to be matched. 

If the model can explain observed results within reason, we can then proceed to assess the 

value of, and risks associated with, limited irrigation for a wide variety of growing conditions. 

 

3.1 Simulating the results from the Bambaroo experiment 

The experimental crops were simulated using the APSIM-Sugarcane model (Keating et al., 

1999). The soil inputs were determined from the NMM measurements and from particle size 

analysis, and crop inputs were for Q124. Measured stalk density was used in the simulation. 

Two particular simulation difficulties - a water table at depth, and the use of sub-surface 

trickle irrigation – factors that are not included in the current version of APSIM, were dealt 

with as follows. The water table was simulated by raising the soil water content to saturation 

after large rain events, then supplying crop water demand from this water table for the next six 

weeks (the 6-week period was based on water table measurements (Fig. 2). The sub-surface 

trickle irrigation was simulated by removing the soil evaporation component associated with a 

wet soil surface. This amounted to 6 mm per irrigation applied through the irrigation tape. 

The attempt described above to account for the water table may have resulted in over-

prediction of LAI in the high irrigation treatment (Fig. 7A). Radiation interception increases 

slowly once LAI exceeds 4 and over-predictions of LAI above this level did not lead to a 

proportionate over-prediction of yield. Simulated cane dry mass was often within the error of 

measurement particularly in samplings taken before harvest. However, some predictions of 

yields at harvest were quite different to measured yields (Fig. 7A). There is no mechanism in 

the model to deal with the negative response to irrigation observed in the high irrigation 

treatment of the second ratoon. The model represented the first ratoon crop best and will be 

used to explain the high IWUE measured in this particular crop. The problems with modelling 



SUGAR RESEARCH AND DEVELOPMENT CORPORATION FINAL REPORT - PROJECT N
O.

 CTA018 

 32 

water table effects at Bambaroo have been noted by model developers. However, the problem 

of how much water is obtained by the crop from fluctuating water tables is not just a 

modelling problem. We simply do not know much about the processes involved. A number of 

current and proposed projects have taken this problem on board as a consequence of the 

findings of this project. Lodging processes are also under investigation but we should not 

underestimate the difficulties in resolving both these issues. 

 

Figure 7. Simulated (lines) and measured (symbols), Leaf area index (LAI) (A) and Cane dry matter 
yield (B) of a plant and two ratoon crops under three irrigation regimes at Bambaroo. 

 

3.2 Simulating the Results from the Mackay Experiment 

The simulations of the Mackay experiment reflected changes in observed LAI over time and 

they also reflect responses of LAI to irrigation treatments reasonably well (Fig. 8A) even 

though these responses were not statistically significant. Herein lies additional value in 

simulation of experimental results, which would be expected to reflect treatment effects based 

on theoretical reasoning captured in the model. An appropriate action would be to design an 

experiment to reduced random error, which was always going to be large in an experiment 

covering a large area with only two replications. 
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Q135 has not been characterised for APSIM simulations and components of LAI such as 

coefficients for SLA and maximum leaf area of individual leaves will have to be determined 

for this variety to improve LAI predictions. Grid sampling was difficult in May 1998 because 

of lodging and counter intuitive LAI measurements at this time should not be taken seriously 

(Fig. 8A). 

 
Figure 8. Simulated (lines) and measured (symbols), Leaf area index (LAI) (A) and Cane dry matter 

yield (B) of a plant and first ratoon crops under four irrigation regimes at Mackay. 

 

Cane dry mass was simulated well in the plant crop and reasonably well in the ratoon crop 

(Fig. 8B) given that only the first sampling provided reliable yield and LAI measurements. 

The soil at this site has not been fully characterised and simulation errors could well be related 

to incorrect assumptions about the soil, which varies considerably in texture over the 

experimental site. 

Nevertheless treatment differences in the plant crop were captured in the simulations and we 

can accept that the concepts in the model form a robust biophysical explanation for the large 

responses to small but well-timed irrigation. We will now expand on the explanation for high 

IWUE using the Bambaroo results but the plant crop of the Mackay experiment could well 

have been used. 
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3.3 Using the model to explain high IWUE 

Tanner and Sinclair (1983) proposed that a simple association between water transpired by the 

canopy (T) and dry matter accumulation (Y) could be a useful way of determining crop 

water use. The theory showed that Y/T was approximated by the quotient of a constant (k) 

and vapour pressure deficit (VPD) which is a measure of the dryness of the air (eqn 1). Water 

evaporating from the soil does not contribute directly to biomass accumulation and cannot be 

avoided but can be reduced by getting the crop or crop residues to shade the ground as much 

as possible. The fraction of transpiration in evapotranspiration (ET) is a function of leaf area 

index (LAI) which is the ratio of leaf area to ground area (eqn 2). The cane yield component 

(Yc) of biomass accumulation depends on the fraction of biomass in cane (F) and the dry 

matter content of cane (DMC) (eqn. 3). 

In the sugar industry water use efficiency (WUE) or crop water index (CWI) has been defined 

as cane yield at harvest divided by cumulative ET between planting/ratooning and harvest. 

Irrigation water use efficiency (IWUE) on the other hand is cane yield response to irrigation 

water applied (Inman-Bamber et al., 1999). Equation 4 may be used to describe both WUE 

and IWUE provided all irrigation applied ends up as ET. WUE and IWUE values may differ 

considerably for a number of reasons. WUE is calculate over the entire growing period, 

including times when LAI and F are low and VPD is high. 

In supplementary irrigation systems relatively small amounts of irrigation are applied at 

irregular intervals. Irrigation may be applied when LAI is high which results in greater T and 

hence Y, than when LAI is low. Irrigation may indeed be responsible for increased LAI with 

similar effect. Irrigation may be applied when VPD is low resulting an increase in Y for the 

same T. Irrigation may be applied when F is high or it may increase F resulting in increased 

IWUE. 

Using this simple theory, Robertson et al. (1997) showed that responses to irrigation could be 

as high as 22 t/ML at Mackay. Such large responses have not been reported in the Australian 

sugar industry and rarely elsewhere (Inman-Bamber and de Jager, 1988), hence the attention 

given to the large IWUEs obtained at Bambaroo and Mackay. Simulated and measured results 

of the rainfed and medium irrigation treatments of the first ratoon crop in the Bambaroo 

experiment were used to illustrate how such IWUE could arise (Table 17). 

While irrigation was only 9 % of total water received by the irrigated crop, it increased ET by 

nearly 20% because some of the rain was ineffective (Table 17). This resulted in an increase 

of 36% in T because of more rapid leaf area development in the irrigated than the rainfed 

crops (Table 5; Fig. 7). Increased T translated into a 28 % increase in total dry biomass due to 

irrigation. This theoretical response was similar to the measured response (30%) in biomass 

even though the absolute biomass yields were not correctly simulated at this stage (Fig. 7). 
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Cane yield response was greater than biomass response because of an increase in F due to 

irrigation (0.777 to 0.813) as well as decrease in DMC (0.323 to 0.314). 

 
Table 17. Measured and simulated results of the rainfed and medium irrigation treatments of the 

first ratoon crop in the Bambaroo experiment. 

Irrigation 

Treatment 

Irrigation Irrigation 

plus rain 

Evapo-

tran-

spiration 

Tran-

spiration 

 Total dry 

Biomass 

Cane 

Yield 

IWUE 

 (ML/ha) (mm) (mm) (mm)  (t/ha) (t/ha) (t/ML) 

Meas/Sim Meas Meas Sim Sim Sim Meas Meas Meas 

Rainfed 30 1658 1075 673 36.4 42.7 102  

Irrigation 179 1807 1288 912 46.5 55.3 143 27.5 

Response  9.0 19.8 35.6 27.7 29.6 40.1  

 

Thus with a combination of conventional field experimentation and theoretical modelling, the 

project has demonstrated that large responses to limited irrigation are indeed possible and that 

model predictions are reasonable. However, increasing IWUE may not be the best economic 

use of limited water. 

 

3.4 The economics of supplementary irrigation 

(With contributions from CRC economists, Mark Schuurs (CANEGROWERS) and Lisa Brennan 
(CSIRO Tropical Agriculture).) 

Several assessments of return on investment in supplementary irrigation have been conducted 

in the past. Chapman and Chardon (1979) concluded from a field experiment and a simple 

water balance that installation of their experimental irrigation system in Mackay could not be 

justified over the long term because of the high cost of installation and low responses to 

irrigation (0 to 11 t cane/ML irrigation). This work was done during a period of high rainfall 

and conclusions may have been different for different irrigation strategies and for a dry period 

such as the early 80s or 90s. Later, Wegener (1990) interpreted the results of this experiment 

differently using a crop growth model and an economic framework. He found that 

supplementary irrigation increased farm income but it increased rather than reduced risk 

which was an assumption of the earlier study. Schmidt (1996) used a simple water balance 

model similar that used by Chapman and Chardon (1979), to assess profitability of various 

capital and variable costs of irrigation in variable climates. Profitability was averaged over a 

20 year period and this showed that investment in supplementary irrigation in one high 

rainfall region would be worthwhile only if capital and variable costs were low. Wilcox et al. 

(1997) used a simple water balance model and detailed costing procedure to determine the 

benefit:cost ratio of upgrading or installing various irrigation systems in the Bundaberg 

region. Singels et al. (1999) used a physically based water balance and an economic 

framework to show that profitability of supplementary irrigation depended on a number of 

factors including, soil depth, irrigation strategy and rainfall conditions. 

This project adds to the cited work by bringing together results of replicated field trials, a 

process level growth model, and a detailed discounted cash flow model to demonstrate the 

benefit and risk of implementing supplementary irrigation. The high capital and variable costs 

of irrigation and the large increases in yield possible with supplementary irrigation make it 

essential that all possible agronomic, economic and risk factors are considered before 

advocating or discarding irrigation as a viable option for growers in medium to high rainfall 

areas. In this project, we have considered and substantiated the theoretical framework for 

possible responses to supplementary irrigation. We then used this theory embodied in the 

APSIM-Sugarcane model to predict long-term responses to limited irrigation. Finally, these 

crop-by-crop responses were assessed in an investment analysis model to demonstrate the 
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value of the modeling tools in assessing sensitivity of irrigation investment options to climate, 

soil and some economic factors. The economic analysis does not apply to situations where 

irrigation infrastructure is already in place. 

 

3.5 Long term predictions of crop responses 

Growers in Bundaberg, Mackay, Proserpine, Herbert and Atherton regions generally have 

between 1 and 5 ML irrigation available per hectare - either through on-farm bores, on-farm 

dams or off-farm storage and reticulation systems owned by syndicates or local, state or 

federal authorities. There are numerous options for growers who have access to these limited 

quantities of water including an option not to irrigate at all. In this section we explore only a 

small set of options that growers have in the Mackay and Atherton regions to show the 

variability of yield responses to various components of these options. Daily climate data from 

1957 to 1993 was measured or generated for these regions following the procedures outlined 

by Muchow et al. (1997). Median, 10- and 90-percentile rainfall for Mackay was 1604, 865 

and 2309 mm and for Atherton was 1322, 915 and 1760 mm respectively. It is interesting to 

compare these two regions which differ markedly in amount and variability of rainfall. 

 

3.5.1 Results for Mackay 

Irrigation options with water winch, centre pivot and trickle were compared for Mackay. 

Application efficiencies assumed for these systems were 75, 85 and 90 % respectively and net 

irrigation per application was 37.5, 42.5 and 15.0 mm respectively. Allocations of 1 or 3 

ML/ha were compared for a sand, loam and clay with 63, 114 and 162 mm plant available 

water capacity (PAWC). Irrigation in the simulations was triggered when available water 

content fell to 50% of PAWC for all soils. A simple cropping system of a 12-month crop 

harvested green and ratooning in June each year was simulated. 

To deal easily with the range of IWUE and responses to irrigation over the many years and 

conditions of the simulations, the data was ordered from minimum to maximum and then 

divided into four equal lots. The values that divide these lots are called quartiles, Q1, Q2 (or 

median) and Q3. 

The mean mid-range (Q1 to Q3) simulated IWUE for Mackay was 7.5 to 18.3 t/ML (Table 

18). In general very high IWUEs (>20 t cane/ML) occurred in less than 25 % of all simulated 

treatments and years. IWUE and irrigation response were greatest in the loam and least in the 

clay for Q1, Q2 and Q3. Maximum IWUE and response was greatest in the sand (Table 18) 

because of low rainfed yields in this soil during dry years (data not shown). 

Median (Q2) and Q1 IWUE, was greater with 3 than with 1 ML allocation but maximum 

IWUE was greatest with the 1ML allocation (Table 18) also because of large responses to 

limited water in dry years. Median and Q1 responses to irrigation were therefore more than 

three times greater for the 3 ML than for the 1ML allocation. There were no consistent IWUE 

differences between irrigation systems. Irrigation responses were higher for pivot and trickle 

systems than for the winch system because of the higher application efficiencies assumed for 

pivot and trickle systems (Table 18). The comparison of these systems would be different if 

different application efficiencies and irrigation strategies were assumed. 
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Table 18. Simulated irrigation water use efficiency (IWUE) and response to irrigation for various 
treatments (factors and levels) at Mackay. Quartiles show 25% (Q1), 50% (Q2 or 
median), 75% (Q3) probability of not exceeding values in table. Minimum values in all 
cases were zero. 

  IWUE (t/ML) Response to irrigation (t/ha) 

Factor Level Q1 Q2 Q3 Max Q1 Q2 Q3 Max 

Soil Clay 7.0 12.0 17.1 27.0 8.1 13.5 32.5 60.8 

Loam 8.0 14.0 20.4 37.0 10.6 18.2 35.9 63.5 

Sand 7.3 13.0 18.0 59.5 9.8 16.6 37.4 84.2 

Allocation 1 ML/Ha 7.0 12.6 18.0 59.5 5.8 10.5 15.0 47.6 

3 ML/Ha 8.3 13.6 18.1 34.1 20.3 34.0 45.8 84.2 

System Winch 7.3 13.0 18.5 59.5 8.1 14.7 33.1 76.7 

Pivot 6.8 13.4 18.1 56.0 9.8 16.5 35.9 84.2 

Trickle 8.1 12.8 17.8 45.0 10.3 16.5 38.9 83.3 

Mean 7.5 13.1 18.3 47.2 10.4 17.6 34.3 73.1 

 

3.5.2 Results for Atherton 

Water winch was the only system considered in the Atherton simulations. Soils in this area are 

derived from igneous rock and are generally as deep or deeper than those in coastal regions. A 

red earth and a kraznozem were compared with PAWCs of 162 and 290 mm respectively. 

Allocations of 0,1,2,3 and 4 ML/ha net irrigation were simulated and irrigation was triggered 

when available soil water had declined to 70%, 50% or 20% of PAWC, provided 10 days had 

elapsed since the last irrigation. A realistic cropping sequence for this region was simulated. 

Planting was done in early July after a 6-month fallow. A plant crop and four ratoon crops 

were harvested on 1 July, 1 August, 1 September, 1 October and 1 November respectively. All 

crop classes were represented in each year of the simulation. The APSIM-Sugarcane model 

makes a distinction between plant and ratoon crops but not between different ratoon crops, so 

the simulated effects of ratoon class (or ratoon age) are therefore entirely due to cropping 

cycle. 

Simulations with the red earth produced considerably higher IWUE than simulations with the 

kraznozem. Differences in irrigation response were accentuated because more irrigation was 

required for the crop on the red earth than on the kraznozem (Table 19). IWUE decreased with 

increasing allocation. Irrigation response increased less than four fold between 1 and 4 ML/ha 

allocation for this reason and because high allocations were not always needed. Irrigating 

when soil water content was low (20% PAWC) resulted in the most efficient use of irrigation 

water (IWUE) and irrigating at 70% PAWC resulted in the lowest IWUE (Table 19). 

However, because less water was applied at high allocations for the 20% PAWC than the 

other strategies, response to irrigation was similar for the 20% and 50% PAWC strategies but 

slightly less for the 70% PAWC strategy (Table 19). IWUE and cane yield response to 

irrigation were considerably higher in first ratoon than in plant crops (Table 19), presumably 

because the 6-month fallow prior to planting allowed soil water to be replenished. Median 

monthly rainfall for July to September at Atherton is less than 20 mm. Ratoon crops develop 

more rapidly than plant crops and therefore have greater demand for water in the early stages. 

The first ratoon crop was particularly vulnerable because it had the longest dry period before 

the wet season, which usually begins in December. No physiological differences between 

ratoon crops are acknowledged in the model. Differences in Table 19 are due only to different 

growth periods assumed for these ratoon crops. 
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Table 19. Simulated irrigation water use efficiency (IWUE) and response to irrigation for various 
treatments (factors and levels) at Atherton. 

  IWUE (t/ML) Response to irrigation (t/ha) 

Factor Level Q1 Q2 Q3 Max Q1 Q2 Q3 Max 

Soil Clay 10.6 13.6 16.7 68.9 17.7 30.6 45.4 109.1 

 Kraznozem 7.0 10.9 14.3 40.6 11.1 21.0 33.9 104.1 

Allocation 1 ML/ha 9.1 12.8 16.3 68.9 9.0 12.7 16.3 68.9 

 2 ML/ha 9.1 12.4 15.8 45.8 17.3 24.6 31.5 91.6 

 3 ML/ha 8.5 12.0 15.4 35.5 22.5 34.6 45.5 106.5 

 4 ML/ha 8.5 11.8 15.2 35.5 26.3 41.6 58.7 109.1 

Strategy 50%PAWC 8.8 12.0 15.4 68.8 14.3 26.8 40.9 108.8 

 20%PAWC 11.0 14.0 16.8 68.9 14.6 26.3 41.2 106.5 

 70%PAWC 6.8 10.7 14.2 68.7 12.5 23.5 36.7 109.1 

Crop Plant 8.3 11.7 14.1 21.7 12.7 21.8 35.4 74.6 

 Ratoon 1 10.7 14.6 18.5 68.9 16.1 29.7 47.9 109.1 

 Ratoon 2 8.0 12.0 15.4 40.5 12.8 22.8 38.9 84.4 

 Ratoon 3 9.3 12.0 15.4 47.2 14.5 26.3 40.4 80.3 

 Ratoon 4 8.2 11.7 15.1 41.6 14.0 25.6 39.4 97.9 

Mean  8.9 12.3 15.6 51.5 15.4 26.3 39.4 97.1 

 

3.6 Investment analysis 

A spreadsheet model was developed by Mark Schuurs (CANEGROWERS, Mackay) to 

incorporate the capital and operating costs associated with a number of irrigation systems. The 

model accepts simulated yields and total irrigation of individual crops and then conducts 

discounted cash flow (DCF) analyses on after-tax income. The Australian Income Tax 

Assessment Act contains certain provisions to encourage the development of water resources 

and investment in irrigation infrastructure. The government provides these provisions to help 

stabilise income from primary production and to facilitate self-reliance and hence reduce the 

need and cost of government support during drought. Pertinent aspects of the act incorporated 

in this model include: marginal income tax rates/company tax income splitting, section 51(1) 

provisions which allow primary producers to write-off irrigation investigation and planning 

costs and all irrigation operating costs in the year of expenditure and Drought Investment 

Allowance which allows primary producers to claim an additional deduction of 10% of the 

capital costs (up to a maximum deduction of $5,000) associated with irrigation reticulation in 

the year of expenditure. 

The results of APSIM-Sugarcane simulations for Mackay and Atherton were transferred to the 

investment model. DCFs were then conducted over a twenty-year time frame to reflect what is 

considered to be a reasonable investment horizon for a grower considering installation of 

supplementary irrigation equipment and to coincide with the expected life of much of this 

equipment. A farm business on 50 ha with two partners paying the marginal tax rate was 

considered. Capital costs derived from costs of various components plus installations costs 

were $1648, $2365 and $3335 for water winch, centre pivot and trickle systems respectively. 

 

3.6.1 Investment Analysis for Mackay 

DCF analysis showed that positive returns on investment in supplementary irrigation is by no 

means a foregone conclusion despite the favourable response estimates already discussed. Of 

the 18 options analysed for Mackay (three soils, three systems and two allocations) only four 

showed positive net present value (NPV). An allocation of 1 ML/ha was not economic with 

any system or soil (Table 20) and no options were economic for the clay soil (not shown). The 

most profitable option was the use of a trickle system on a sandy soil with a 3 ML/ha 

allocation (Table 20). This showed an internal rate of return of 11% and an increase in NPV 

over rainfed of $120 000. The robustness of this investment is shown in the breakeven costs 
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and sugar price. The sugar price, for example, could decrease to $252/t before this option 

became non-viable. Centre pivot and trickle systems would both be viable on sands and loams 

provided water allocation was 3 rather than 1 ML/ha. The economics of the three systems 

could change with different application efficiencies and operation costs. 
 

Table 20. Discounted cash flow analysis of selected irrigation options at Mackay with 
assumptions of sugar price = $320/t, water price = $40/ML and irrigation scheduled at 
50% PAWC. Irrigated area = 50 hectares. CCS=13.5%. 

Irrigation system None Winch Pivot Trickle 

Water allocation (ML/ha) - 1 3 1 3 1 3 

Effective irrigation (ML/ha) - 0.75 2.25 0.85 2.55 0.90 2.70 

Operating costs ($/ML) - 96 96 28 28 27 27 

Soil type Sand - plant available water content of 63mm 

Average yield (t/ha) 87 99 120 100 123 100 126 

Breakeven operating costs ($/ML) - 71 83 - 64 - 70 

Breakeven Water cost ($/ML) - - 15 - 109 - 123 

Breakeven Sugar price ($/t) - 840 375 794 257 861 252 

Internal rate of return (%) - - - 1 9 - 11 

NPV ($1000) - -25 -41 -33 104 -61 120 

Soil type Loam - plant available water content of 114mm 

Average yield (t/ha) 111 122 141 124 145 124 148 

Breakeven operating costs ($/ML) - 38 67 50 50 - 57 

Breakeven Water cost ($/ML) - - - - 81 - 98 

Breakeven Sugar price ($/t) - - - 839 271 847 260 

Internal rate of return (%) - - - - 7 - 9 

NPV ($1000) - -53 -77 -59 52 -75 72 

 

Sensitivity to IWUE estimate 

DCF analyses were repeated for Mackay after adjusting responses to irrigation downwards 

and then upwards by 20%. This made a large difference to some of the investment and 

operation options (Fig. 9). However, only two options with originally positive NPV turned out 

to be unprofitable with a 20% reduction in IWUE, and only one option with an originally 

negative NPV became profitable with a 20% increase in IWUE. The sensitivity of NPV to 

estimates of IWUE highlights the importance of improving the model and the required input 

data for assessing responses to irrigation. 

 

3.6.2 Investment analysis for Atherton 

None of the irrigation options considered for the kraznozem soil at Atherton were 

economically viable. The worst case was a negative cash flow of $196, 000 with a winch 

installation and an allocation of 4 ML/ha scheduled at 50%PAWC on a kraznozem. For the 

red earth, NPV was positive for both allocations considered provided irrigation was scheduled 

at 20% or 50% PAWC and not 70% PAWC and provided the investment was made in a dry 

rather than in a wet period (Table 21). While mean annual rainfall for 20-year periods starting 

in 1961 or 1971 was similar (1448 and 1409 mm respectively), mean annual rainfall for the 

first five years of these periods differed substantially (1372 and 1751 mm respectively). This 

resulted in greater responses to irrigation and greater NPVs for 1961 to 1980 than for 1971 to 

1990. The most rewarding option of those considered was a 4ML/ha allocation applied when 

soil water content decreased to 20% PAWC. In this case NPV was similar in both 20-year 

periods. 
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Table 21. Discounted cash flow analysis of selected irrigation options at Atherton for a Red Earth 
soil with PAWC=162 mm, with assumptions of sugar price = $320/t, water price = 
$40/ML and irrigation applied with a winch which is 75% efficient. Irrigated area = 50 
hectares. CCS=14.5%. 

Irrigation schedule None 20%PAWC 50%PAWC 70%PAWC 

Water allocation (ML/ha) - 1.3 4.0 1.3 4.0 1.3 4.0 

Effective irrigation (ML/ha) - 1.0 3.0 1.0 3.0 1.0 3.0 

Operating costs ($/ML) - 96 96 96 96 96 96 

Period of investment 1961 to 1980 

Average yield (t/ha) 111 129 155 128 154 127 159 

Breakeven operating costs ($/ML) - 59 75 45 46 23 20 

Breakeven Water cost ($/ML) - 105 114 98 99 87 85 

Breakeven Sugar price ($/t) - 307 291 317 315 333 341 

Internal rate of return (%) - 6 14 4 6 2 - 

NPV ($1000) - 11 55 3 10 -10 -35 

Period of investment 1971 to 1990 

Average yield (t/ha) 108 124 151 123 148 122 143 

Breakeven operating costs ($/ML) - 38 76 20 34 1 0 

Breakeven Water cost ($/ML) - 95 114 85 93 75 75 

Breakeven Sugar price ($/t) - 321 290 336 326 359 369 

Internal rate of return (%) - 3 16 0 - - - 

NPV ($1000) - -1 56 -12 -10 -23 -74 

 

Some generalisations are possible from these DCF analyses. Supplementary irrigation was 

generally more profitable in Mackay than in Atherton despite the lower rainfall in Atherton 

than in Mackay. High allocations were more profitable than low allocations even though 

IWUE was greater for low than high allocations at Atherton. Irrigation was more profitable on 

sandy soils than on clays because of the higher rainfall efficiency and higher rainfed yields on 

the clays. Irrigation application efficiency was an important factor in profitability. 

 

Figure 9. Net present value (NPV, ) and NPV range of various irrigation systems and operating 
options. Lower limit derived from predicted irrigation water use efficiency (IWUE) x 0.8 and 
upper limit from IWUE x 1.2. 
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3.7 Soil water availability 

3.7.1 Introduction 

All water used by the cane crop passes through the soil-root system, regardless of the original 

source of the water. Soil hydraulic processes play an important role in the fate of rainfall and 

irrigation, but their measurement is a major challenge to obtaining reliable estimates of water 

use efficiency. Currently, the lack of appropriate soil hydraulic information limits the 

application of tools for determining rainfall efficiency, water use efficiency, optimum drying 

off strategies (Robertson et al., 1999b) and optimum irrigation strategies for limited water 

(Inman-Bamber et al., 1999). In the discussion that follows we use two descriptions of soil 

water content as follows: 

 Readily available water content (RAW) - defined as the soil water deficit associated with a 

50% reduction in stalk elongation rate due to water stress (Zund and McDougall, 1997). 

 Plant available water content (PAWC) – defined as the total plant available water capacity 

within the full rooting depth of the crop. 

While a number of Australian sugar soils have been evaluated for storing readily available 

water (RAW) (Shannon et al., 1996; Zund and McDougall, 1997) few have been assessed for 

total plant available water capacity (PAWC) (Inman-Bamber et al., 1999). This contrasts 

strongly with the situation in the Darling Downs-Central Queensland annual cropping regions 

where over 60 soils have been characterised in terms of total water availability for a range of 

crops (Dalgleish and Foale, 1998). One of the difficulties in the sugar industry is that periods 

dry enough to determine PAWC occur only sporadically and the rainout shelter method 

proposed by Dalgleish and Foale (1998) is difficult to apply in a large crop such as cane. The 

evidence presented by Inman-Bamber et al. (1998) suggests that the drained upper limit 

(DUL) and the lower limit (LL) of PAWC may be obtained with some confidence from water 

contents of soil samples subjected to 10kPa and 1500 kPa suction in the laboratory. These 

values have been determined for surface layers (mostly < 1m) in many soils of sugar 

producing regions in routine surveys (Ford and Bristow, 1995; Donnollan et al., 1999). Total 

PAWC cannot be determined from these surface data unless it is certain that cane roots cannot 

penetrate below the deepest horizon analysed. It is possible that maximum rooting depth and 

total PAWC can be determined using a combination of laboratory determined DUL and LL, 

crop response to water stress and crop growth simulation. Data suitable for this approach 

(called inverse modelling) was published by Zund and McDougall (1997). 

The aims of this section were firstly to determine if inverse modelling with APSIM-Sugarcane 

(Keating et al., 1999) could be used to determine maximum rooting depth and total PAWC 

from leaf elongation and soil water extraction measurements. Secondly, this technique was 

used to produce soil hydraulic input parameters for the APSIM-Sugarcane model for a number 

of soils in the Bundaberg region, using largely published data (Zund and McDougall, 1997). 

Thirdly, simulations were conducted with these and other well-documented sugar soils to 

determine the impact of soil type on rainfall, water use and irrigation water use efficiencies, as 

a basis for guiding the development of best-practice guidelines for the use of water in the 

Australian sugar industry. 
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Figure 10. Measured leaf extension rate () and stomatal conductance (- - -) of stressed plants 
relative to unstressed plants and simulated relative extension rate (x) and net 
photosynthesis (o) for the plant crop (A) and the ratoon crop (B) of the rainshelter 
experiment (Inman-Bamber, 1995). 

 

3.7.2 Developing the inverse modelling procedure 

Published results from a rainout shelter experiment conducted by the South African Sugar 

Association Experiment Station (SASEX) (Inman-Bamber, 1986) were used to assess 

APSIM-Sugarcane for its ability to simulate plant extension rate and hence RAW - defined as 

the soil water deficit associated with a 50% reduction in stalk elongation rate due to water 

stress - (Zund and McDougall, 1997). Various growth processes were measured during the 

onset of stress including daytime plant extension rate (PER) and stomatal conductance 

(Ludlow, 1980). Root length density, DUL, LL (in situ), and water retention properties were 

determined to a depth of 2.5 m in 150 mm intervals by Inman-Bamber (1986). The root 

extraction coefficient (kl) as defined by Robertson et al. (1993) was determined from 

published soil water content for each depth interval at this site (Inman-Bamber, 1995). These 

soil data were used to develop soil parameters for the APSIM-Sugarcane model. The model 

was then configured to simulate the plant and ratoon crops of the rainshelter experiment. 

Simulated relative stalk extension rate (extension rate of stressed plants relative to that of 

unstressed plants) was compared to measured relative PER and simulated relative 

photosynthesis was compared to relative stomatal conductance. 

The simulations of relative stalk extension rate and relative photosynthesis were reasonable 

reflections of changes in relative plant extension rate and relative stomatal conductance 

observed in the rainshelter (Fig. 10). It is therefore reasonable to assume that relative stalk 

elongation rate and hence RAW can be predicted if total rooting depth and total PAWC are 

known. Conversely, total rooting depth and PAWC can be determined if RAW is known. 

 

3.7.3 Maximum rooting depth and total PAWC 

APSIM-Sugarcane was then used to determine maximum rooting depth and total PAWC for 

11 Bundaberg soils investigated by Zund and McDougall (1997). These soils are common 

throughout the entire Maryborough Basin and correlate with a recently published soil survey 

for the Bundaberg area (Donnollan et al., 1999). RAW was determined at 11 experimental 

sites by Shannon et al. (1996) from stalk height measurements and soil moisture 

measurements, using a neutron moisture meter. These experimental sites were associated with 

reference soils of the Bundaberg Soil Survey (Donnollan et al., 1999). The survey data 

included DUL and LL based on laboratory measurements as described by Zund and 

McDougall (1997), as well as bulk density. 
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Relative stalk elongation rate was simulated as for the rainshelter experiment except that a 

range of maximum rooting depths were used. RAW was determined for each rooting depth 

variation for the 11 soils by plotting 3-day running means of relative stalk elongation rate 

against soil water deficit. The rooting depth that produced a value of RAW that was closest to 

the measured value was considered to be the correct maximum rooting depth for that soil. 

Planting, harvesting, fertilizer and irrigation operations were simulated in such a way that 

RAW could be determined during stress periods imposed on well grown plant and ratoon 

crops during October to March each year from 1960 to 1998. 

An example of simulated relationships between relative stalk elongation rate and soil water 

deficit is given in Fig. 11. Trend lines fitted to each scatter plot (not shown) showed how 

relative stalk elongation rate became less sensitive to soil water deficit as the total rooting 

depth increased (Fig. 11). This is because deep roots can contribute to soil water supply when 

readily available water becomes limited. Rooting depths and simulated RAW that best 

matched measured RAW were determined for all 11 Bundaberg soils (Table 22) as in the case 

of the Red Dermosol (Otoo SPC) of Fig. 11. Maximum rooting depths were greater than those 

reported by Zund and McDougall (1997) who were concerned with effective rather than 

maximum rooting depth. PAWC predicted from these simulations were also greater than those 

reported by Zund and McDougall because of the additional depth of total water extraction. 

 
Table 22. Measured readily available water (RAW) capacity, PAWC

1
 to effective rooting depth 

(Zund and McDougall, 1997) and matching simulated RAW, maximum rooting depth 
and PAWC

2
 to maximum rooting depth. 

 

Soil order 

Soil profile 

class 

Measured 

RAW 

PAWC1 Matching 

RAW 

PAWC2 

 

Max. rooting 

depth 

  (mm) (mm) (mm) (mm) (m) 

Aeric Podosol Colvin 40 52 21 83 1.90 

Yellow Chromosol Isis 46 41 29 88 1.90 

Yellow Dermosol1 Kepnock 48 71 48 113 1.15 

Black Vertosol Maroondan 54 87 61 110 0.70 

Red Kandosol2 Oakwood 79 94 83 150 1.60 

Yellow Dermosol2 Kepnock 82 89 79 132 1.60 

Red Kandosol1 Oakwood 84 94 80 150 1.60 

Red Ferrosol1 Childers 85 134 86 176 1.30 

Red Dermosol1 Watalgan 86 129 83 153 1.60 

Red Ferrosol3 Childers 87 134 84 142 1.00 

Red Ferrosol2 Woongarra 116 191 117 184 1.30 
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Figure 11. Simulated relative elongation rate and soil water deficit for a Red Dermosol with total 

rooting depths of 0.8 to 1.9 m. 

 

3.7.4 Impact of soil type on rainfall, water use and irrigation water use efficiencies 

Soil input parameters for APSIM-Sugarcane were established for the 11 Bundaberg soils from the 

data of Zund and McDougall (1997) and Donnollan et al. (1999) using the new maximum rooting 

depths and PAWC estimates. The range of soils simulated was augmented by four well-

characterised profiles. These were a Clansthal sand of the rainshelter experiment in South Africa 

(Inman-Bamber, 1986), a Molonga series cracking clay from Bambaroo an artificial duplex (300 

mm clay loam overlying coarse sand) from Ayr (Robertson et al., 1999a) and a Red Dermosol 

from Mr Schulte’s farm in Bundaberg (Dr Peter Thorburn, pers. comm.). 

The model was configured to simulate a typical cropping sequence for Bundaberg of a crop planted 

in March and harvested in June followed by four 13-month ratoon crops. Allocations per crop of 

two or four ML/ha were applied, 25 mm per irrigation, when the equivalent of 50% PAWC had 

been depleted, provided 10 days had elapsed since the last irrigation and it was not raining. Irrigation 

ceased after the allocations had been fully used. Rainfed conditions were also simulated. 

Effective rainfall was defined as water stored in the soil after runoff and drainage are reduced to 

negligible levels (Robertson and Muchow, 1997) and rainfall efficiency was defined as (effective 

rain/total rain). Water use efficiency (WUE) was defined as (cane yield/evapo-transpiration) and 

irrigation water use efficiency (IWUE) as defined as (irrigated cane yield – rainfed cane yield/net 

irrigation) as before. 

Average effective rainfall per crop was greatest (981 mm) in the Red Ferrosol (2) and least (829 

mm) in the Aeric Podosol (Table 23). Effective rainfall and rainfall efficiency were related to 

PAWC only when PAWC was less than 130 mm. Effective rainfall was greater than 940 mm and 

rainfall efficiency was greater than 75 % in soils with PAWC more than 130 mm (Table 23). 

Year to year or crop-to-crop variation in rainfall efficiency was greater than the variation across soil 

types as could be expected from the large year-to-year variation in rainfall (Fig. 12a, b). However, 

the difference in rainfall efficiency between soils was greater in some years than others. Soils tended 

to be more alike in years of high rainfall efficiency than in years of intermediate or low rainfall 

efficiency (Fig. 12b). 

WUE varied considerably over successive crops and years (Fig. 12c). The interaction between 

climatic conditions and soil type detracts from the usefulness of a long-term mean WUE for each 

soil type. Variation, in maximum WUE, between soils for the 37-year period was not excessive but 

Soil water deficit (mm)

R
e
la

ti
v
e
 s

ta
lk

 e
lo

n
g
a

ti
o
n

 r
a
te

0 50 100 150
0.0

0.2

0.4

0.6

0.8

1.0

0.8
1.0
1.3
1.6
1.9

Root  depth (m)



SUGAR RESEARCH AND DEVELOPMENT CORPORATION FINAL REPORT - PROJECT N
O.

 CTA018 

 45 

mean and minimum values varied considerably (Table 23). WUE tended to be greater in high 

PAWC soils than in low PAWC soils. 

Table 23. Mean effective rainfall per crop, rainfall efficiency, water use efficiency (WUE) and 
irrigation water use efficiency (IWUE) for various soil types. 

Soil Rainfall WUE IWUE 

Order/Profile Class Dep. PAWC Effect. Effic. Mean Min Max 2ML 4ML 

(Site) (m) (mm) (mm) (%) (t/ML) (t/ML) (t/ML) (t/ML) (t/ML) 

Aer. Pod./Colvin 1.90 83 829 68 8.4 5.0 11.3 12.7 14.2 

Yell. Chrom./Isis 1.90 88 849 70 8.4 5.4 11.4 13.4 14.7 

Clay-sand duplex (Ayr) 1.50 92 853 70 8.5 5.4 11.5 13.0 14.8 

Black Vert./Maroondan 0.70 110 902 74 8.1 4.2 11.3 14.9 16.2 

Yell. Derm.1/Kepnock 1.15 113 914 75 8.9 4.8 11.8 15.4 16.2 

Molonga (Bambaroo) 1.80 130 952 77 8.2 0.4 11.7 18.2 17.8 

Yell. Derm.2/Kepnock 1.90 132 943 77 9.2 5.0 12.0 14.1 15.8 

Red Ferr.3/Childers 1.00 142 949 77 8.9 4.7 11.8 15.9 16.5 

Red Kand.1/Oakwood 1.60 150 952 77 9.3 5.1 12.0 14.6 15.6 

Red Kand.2/ Oakwood 1.60 150 944 77 9.2 5.1 12.0 14.5 15.6 

Red Derm./Watalgan 1.60 153 942 76 9.1 5.1 12.0 14.4 15.5 

Red Ferr.1/Childers 1.30 176 975 79 9.5 5.2 12.3 15.7 15.6 

Red Ferr.2/Woongarra 1.30 184 981 79 9.6 5.2 12.3 15.8 15.4 

Red Derm. 2/Otoo (Schulte) 1.50 210 942 76 10.7 7.3 13.1 13.7 12.6 

Clansthal (S Afr.) 3.00 216 967 79 11.6 9.1 13.7 11.2 11.7 

 

IWUE also varied considerably from year to year (Fig. 12d). IWUE ranged from less than 5 to 

more than 25 t cane/ML. Although the simulation rules always ensured that all irrigation was 

applied when the soil could store it in the root zone, subsequent rainfall sometimes reduced 

the response to irrigation. The interaction between climate (years) and soils was such that 

IWUE was greatest in low PAWC soils in some years and least in these soils in other years 

(Fig. 12d). Mean IWUE for allocations of 2 and 4 ML tended to be greatest in soils with 

intermediate PAWC rather than in soils with high or low PAWC (Table 23). 

 

3.7.4 Prospects for soil characterisation 

Reliable measurement of water use efficiency is essential for the development of best-practice 

guidelines for use of water in the sugar industry. Benchmarks of efficient water use are 

sensitive to soil properties and adequate characterisation of soils is costly and time 

consuming. The above analysis has presented a method for overcoming this challenge. 

Although the focus in this section was on the 11 Bundaberg soils described by Zund and 

McDougall (1997), there are many soils in the industry for which similar data are available in 

unpublished documents (G. Ham, pers. comm.). It is suggested that the approach of fully 

characterising reference sugar soils be adopted from the methods of Dalgleish and Foale 

(1998) together with the inverse modelling technique. In this way it will be possible to 

establish full hydraulic properties for a limited number of reference soils in the sugar industry 

and to harness the large amount of data already captured in unpublished form to cover a much 

wider range of soils than would be possible with complete characterisation. 
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Figure 12. Rainfall (a), rainfall efficiency based on evapotranspiration (b), water use efficiency (WUE) 
(c) and irrigation water use efficiency (IWUE) (d) for three Bundaberg soils over 
successive cropping cycles (1 to 6) of a plant, four ratoons and 5-month fallow, spanning 
40 years. 

 

There is also scope for greatly improving the library of information on hydraulic properties of 

Australian Sugar soils with the use of inverse modelling with APSIM. This technique was 

used to add 11 Bundaberg soils to the limited library of soil files in the APSIM modelling 

environment. The study has shown that soil type interacts strongly with climate in 

benchmarking rainfall and water use efficiencies. Given the variability in rainfall and water 

use efficiencies arising from these interactions for a given management strategy, a modelling 

approach is recommended (rather than reliance on means or other generalisations) in 

calculating such efficiencies. This will enhance benchmarking and the establishment of 

improved management strategies for best use of water in sugar industries worldwide. 

 

R
a
in

fa
ll 

e
ff

. 
(%

) b

30

50

70

90

1

2

3

R
a
in

 (
m

)

1           2              3            4            5             6  

a

IW
U

E
 (

t/
M

l)

d

1960 1970 1980 1990 2000

0

10

20

30

W
U

E
 (

t/
M

l)

0

5

10

15
c

Black vertisol
Red Dermosol (Schulte)
Yellow chromosol



SUGAR RESEARCH AND DEVELOPMENT CORPORATION FINAL REPORT - PROJECT N
O.

 CTA018 

 47 

4. Technology Transfer 

(Contributions to the text by Mike Smith of Bundaberg Sugar Co are acknowledged. This and other texts were 

drawn from a CRC publication compiled by the CTA018 project team, which included Marcus Hardie and Peter 

Sutherland (BSES) who led the final stages of an SRDC project (BS183s) on TT in the CRC activity for limited 

water.) 

Contributions to the CRC activity on optimisation of limited water were made by 21 people 

from seven organisations, including CSIRO, in no small part through the CTA018 project. 

While formal work plans were developed by each member of the team, more progress was 

probably made as a result of informal interactions between team members. The rich but 

heterogeneous background of different team members led to a fresh review of a number of 

biophysical attributes of the problem of water use in supplementary irrigation schemes. Many 

longstanding views were challenged. Some held up to new scrutiny; others were modified. 

The aim of this section is to outline how interaction in the CRC influenced the course of this 

project and, conversely, how this project influenced opinion and subsequent action in and 

beyond the CRC. Naturally we will draw on the technical aspects of this project that have 

already been discussed to show how technology has been extended at least to those who are 

now advising growers on best use of limited irrigation water. Six new Rural Water Use 

Efficiency officers (RWUE) were employed by the new DNR initiative. Two of these people 

had been involved in CRC activities on irrigation. Much of the momentum for extension of 

activities in the CRC was (as is) carried over to RWUE initiative in the form of facilitation 

and support of modelling tools and irrigation science. 

 

4.1 Soil water storage 

Soil water storage and supply were debated vigorously in the CRC for a number of reasons. 

There was disagreement about the usefulness of deep ‘ineffective’ roots and water remaining 

after RAW had been extracted. Then there was a requirement that all CRC experimental sites 

be characterised according to the ‘minimum dataset’ guidelines of Mazzucchelli and 

Prestwidge (1999), and most collaborators were experiencing difficulty in putting these 

guidelines into practice. A CRC workshop on soil characterisation was held in an attempt to 

clarify some of the issues and to advance characterisation of CRC sites. The workshop 

highlighted the critical need to improve the characterisation of soils used in the CRC’s field 

experimentation program. This was seen as important for a variety of reasons, including site 

selection, experimental design, data interpretation and data extrapolation (via analogy or 

models). The minimum dataset concept was to be evolved to a “decision tree” that guides 

researchers to an appropriate dataset for particular circumstances. A small number of key 

CRC research sites were to be identified as “Reference Sites” linked into national reference 

sites networks, and characterised and archived appropriately. One significant outcome of the 

workshop was the appointment of a soils specialist (Simon Eldridge) in December 1999 who 

will carry out tasks identified by workshop delegates. 

There is now consensus amongst CRC collaborators that PAWC needs to be known in order 

to develop optimum irrigation strategies. While appropriate soil characterisation is still a 

limitation in the development of these strategies, two options were provided to allow use of 

real or realistic PAWC in determining best-bet strategies with current knowledge. Hydraulic 

properties typical for a sand, silt, clay and heavy clay were developed. These four ‘typical’ 

soils have been used extensively to develop irrigation strategies and to benchmark effective 

rainfall, water use efficiency and productivity. The other option, already discussed, was based 

on inverse modelling to estimate PAWC and maximum rooting depth from RAW 

measurements and standard soil survey information. PAWC was estimated for a number of 

Bundaberg soils in this way (Table 22) and these soils were included in the library of soil files 
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in the latest version of APSfront distributed to RWUE officers and other participants of an 

APSIM workshop in December 1999. 

 

4.2 Efficiency of water use 

Definition and benchmarking of WUE has been a major concern of the CRC. Firstly a clear 

distinction was required between crop response to irrigation (CRI = IWUE) and yield of cane 

in relation to water used over the season (Crop Water Index, CWI=WUE as described above). 

The terms CRI and CWI may not be widely accepted as yet but the distinction they make is 

important than the terms per se. We will continue to use WUE and IWUE for consistency. 

 
4.2.1 Water use efficiency (WUE) 

The Bundaberg industry has been benchmarking WUE for many years. In the early 1990s, a 

fixed 70% of the total July to June seasonal rainfall was selected as a measure of effective 

rainfall. This gave an average WUE in the range 7 to 8 tonnes cane per ML. In the first two 

years, this measure proved to be a very useful extension tool focusing growers’ attention on 

water use efficiency by comparing their farm results with their respective mill area average. 

Robertson and Muchow (1997) showed that the effective proportion of the total seasonal 

rainfall could vary from 56 to 81% rather than a constant 70%. Different methods were used 

to determine effective rainfall. A situation arose in 1998 where the WUE reached almost 12 

tonnes per ML for the entire district. As this value was equal to the maximum level proposed 

by Kingston (1994), critical evaluation of the method used to calculate effective rainfall and 

WUE was considered necessary. This criticism and the current political climate relating to 

regional water use efficiency also generated a need to re-examine the WUE benchmark. 

Standard settings of the APSIM-Sugarcane model have now been established in order to allow 

comparisons between years without confounding effects soil type, irrigation allocation, and 

cropping sequences. One reason for the high WUE in 1998 was the lack of realistic PAWC 

data for use in model runs. Of the four typical soil profiles available, the silt option was 

regarded as most representative of the Bundaberg industry. 

Using this soil and standard model settings, trends in WUE over the period 1989–1998 were 

determined. WUE values calculated in this way were considerably lower than the maximum 

of 12 t/ML reported previously but the trends are similar with the WUE increasing from about 

7.2 t/ML in 1989-1992 to 8.8 t/ML over the period 1996-1998. 

 

4.2.2 Irrigation water use efficiency (IWUE) 

Maximum WUE (12 t/ML) proposed by Kingston (1994) was generally regarded as a 

benchmark for IWUE as well. In full irrigation schemes, WUE and IWUE will be similar 

because a large proportion of the water used by the crop is derived from irrigation not rainfall. 

With supplementary irrigation, however, the reverse is true. Irrigation (as low as 1/10 of 

rainfall) may be applied at irregular intervals, sometimes before- and sometimes after- canopy 

closure. Applications after canopy closure result in low evaporation losses from the soil. 

Applications before canopy closure may hasten canopy development, resulting better in use of 

subsequent rainfall. 

The results of the Bambaroo experiment in which IWUE= 27 t/ML was obtained were 

presented at the CRC planning meeting in March 1999 and at ASSCT in April 1999. The 

initial response to these results was disbelief and criticism that the water table was responsible 

for the large IWUE. The theory provided in equations 1 to 4 was presented several times 

during 1999 and it seems that industry have now accepted the difference between WUE and 

IWUE, and that IWUE can be considerably larger than WUE. 
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4.3 Important steps in the transfer technology 

The above technology transfer activities and interactions were undertaken throughout the 

project. The key dates and activities, workshops, etc are listed below. 

1) Workshop (March 1999) on optimising use of limited water in which key findings of 

research were discussed. Procedures for TT were identified including the development of 

linkages between APSIM crop simulation, use of on-farm storages and economics. 

2) Customising of a user-friendly interface for the APSIM-Sugarcane model called APSfront. 

3) The first APSfront workshop (March 1999) was attended by over 15 extension and 

research officers, technical assistants, and cane inspectors, from a range of industry 

organisations including BSES, CPPB, Mackay Sugar and Bundaberg Sugar. 

4) Further APSfront Development. After the March workshop over 30 changes to APSfront 

were proposed and many of these were acted upon by APSRU staff (Toowoomba) 

responsible for the building of the APSIM modelling environment. 

5) Second APSfront workshop (December 1999). Progress since the March workshop had 

been substantial. Many attended for the second time. All participants including four 

RWUE officers indicated their intention to use the model in their future work. 

6) Workshop on Techniques in Irrigation Research, Extension and Modelling (October 1999) 

conducted over four days. The workshop brought together over 35 people from a variety 

of organisations including, BSES, CSIRO, CRC, DNR, USQ, DPI, Productivity Boards 

and equipment manufactures and suppliers. Extension and technical staff were able to see 

and use a number of devices and techniques for measuring irrigation events. The 

workshop included theory and practical sessions on measuring input parameters for 

running both APSIM and SIRMOD models. These included, soil moisture, drained upper 

and lower limits, irrigation inflow, runoff and infiltration. SIRMOD simulates flow of 

water down a furrow and allows users to design optimum flow rates, furrow shapes and 

slopes. 

7) Development of DAMEA$Y. It was clear after consultation with researchers, extension 

officers and co-operating growers that progress on a number fronts (biophysical, economic 

and technology transfer) needed to be collated into a tool that could be used by advisors 

and financiers to assess the benefits and risks of supplementary irrigation for the particular 

financial and biophysical circumstances of individual growers. Development of a product 

called DAMEA$Y has drawn on the combined wisdom and skills of a number of people in 

the CRC activity as well as scientists and economists in the SAM cross program who have 

been working on methods for determining optimum combinations of on-farm storages, 

catchment size and use of out of allocation water based on variable river flows. It should 

be emphasised that the CRC’s Systems and Modelling (SAM) cross program which is now 

driving DAM EA$Y development, was highly successful in facilitating linkages across all 

irrigation activities in the CRC. This has worked to the benefit of delivery of tools to deal 

with a wide range of factors that growers need to consider with supplementary irrigation. 
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IMPLICATIONS AND RECOMMENDATIONS 

This project and its linkages through the CRC have moderated industry’s perceptions of 

several components of the biophysics and economics of supplementary irrigation. However, 

there is a lot more to be done to moderate views and beliefs in the cane growing community to 

ensure that best practice with limited irrigation is underpinned by technology generated in this 

project and by the more strategic CTA016 project on water stress physiology. Much of the 

biophysical knowledge generated by this project is captured in the APSIM-Sugarcane model, 

which is being used increasingly to solve irrigation, productivity and water use efficiency 

problems. The DAMEA$Y project arose out of a need to assess capital investment for 

supplementary irrigation for individual growers facing a subset of the wide range of climatic, 

soil and management conditions simulated in APSIM. The DAMEA$Y project reduces a great 

deal of the biophysical and economic complexity into simple options that agricultural, 

commercial or financial advisors can use to help growers make the best decisions about 

infrastructure and how to use it. These modelling tools are highly effective in integrating 

complex information. However, APSIM is deficient in some areas where our knowledge is 

insufficient to allow mechanisms of crop-water relations to be identified. These knowledge 

gaps, which surfaced largely during CTA018, form the basis of a new SRDC project proposal 

(P216) and a proposal to DNR’s Regional Water Use Efficiency initiative. Outputs of 

proposed new research will flow efficiently to the industry through improvements to the 

modelling tools. 

Opportunities now need to be taken to promote the use of APSIM and to introduce 

DAMEA$Y to the Bundaberg industry when completed. Then DAMEA$Y needs to be 

customized for other regions. 

A third APSIM workshop will probably be held in 2000 to advance APSIM use. Several 

papers will be presented to ASSCT on APSIM use and information derived from modelling 

technology. There is also ongoing training and encouragement of model usage on a one to one 

or small group basis. Opportunities are being taken to enhance the skills of regional water use 

efficiency officers and to help them develop and promote best practice with limited water for 

their regions. All these activities need to be encouraged. 

There are also opportunities for participative research in the Burdekin to further develop water 

and cost saving strategies in full irrigation systems, based on the technology arising out of 

CTA016 and CTA018. This action learning will help researchers and growers to learn to work 

together to improve irrigation practices for the sustainability and profitability of the sugar 

industry. This approach needs to be encouraged and funded where necessary. 
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DESCRIPTION OF INTELLECTUAL PROPERTY 

The information in this project should be freely available to the Australian sugar industry and 

overseas industries. There are no intellectual property considerations that require attention. 

The knowledge and technology developed during this project should be disseminated and 

applied as widely as possible as indicated in the recommendations. 

 

 

TECHNICAL SUMMARY 

Technical aspects of this project have been described in detail in six refereed conference 

publications supplied in the appendix. 
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EXECUTIVE SUMMARY TO CRC BOARD OF SUPPLEMENTARY IRRIGATION 
IN THE AUSTRALIAN SUGAR INDUSTRY WORKSHOP ON  
“OPTIMISING THE USE OF LIMITED WATER” 

Optimising the use of limited water was the subject of a workshop held recently in Mackay. 

The aim of the workshop was to consider the research on supplementary irrigation carried out 

by the CRC for Sustainable Sugar Production over the past four years and to make 

recommendations on how the research should proceed and how the technology should be 

packaged and used in the industry. The 29 delegates included cooperating growers in the 

Mackay region, BSES advisory and research staff from a number of regions, CRC economists 

and scientists and CRC representatives from Mackay Sugar and Bundaberg Sugar. 

John Powell, a Mackay grower, has been co-operating with the CRC in this research and John 

set the scene with his experience in the use of limited bore water on his farm showing how 

yields had stabilised and improved since using this water. Results of various field trials were 

then presented showing some large responses to irrigation totals of only 1 to 2 ML/ha. Crop 

simulation models were explained and demonstrated as tools to help explain these responses 

as well as to assess the benefits of limited irrigation over the long term. It was shown that 

large responses in the trials resulted from rapid canopy development in the irrigated plots 

compared to the rainfed plots. This enabled the irrigated crops to make better use of 

subsequent rainfall as well as good use of the irrigation applied. 

Modelling capability for optimising water supply and storage options was demonstrated using 

Bundaberg as a case study. These options included catchment size and management, storage 

size, use of out of allocation water, various fixed water allocation options and various ways of 

using the water on the farm. An investment analysis of these options was then demonstrated. 

The investment analysis takes into account tax implications for the grower or business 

including tax-splitting rebates on planning costs and all irrigation operating costs in the year 

of expenditure and the Drought Investment Allowance. The analysis also allows for year to 

year variation in response to irrigation, sugar price variation and capital and operating costs of 

irrigation. This work shows that return on investment in supplementary irrigation is highly 

sensitive to factors such as soil type, application efficiency, water allocation and cost effect, 

irrigation strategy, sugar price and CCS. 

Optimising profit from the use of water allocation in a given season was the subject of some 

advanced economic research. This work focussed attention on the need for better information 

on the marginal response to increasing amounts of irrigation. 

A project involving growers in the development and use of modelling tools for optimising use 

of limited water was discussed and many suggestions were received from delegates on how to 

package this technology for use in the industry. Grower advisers, bankers, accountants and 

consultants were viewed as appropriate recipients and users of these models. 

Issues for future research identified by delegates included the economic benefit of irrigation 

applied to prevent stool death in dry years, impact of lodging and water tables on response to 

irrigation, risk of water logging after irrigation, carry-over effects of irrigation from one crop 

to the next, scheduling with limited irrigation, varietal responses to limited irrigation and 

marginal responses to increasing amounts of water. 

All delegated completed and evaluation sheet and these will be processed to gather opinions 

that may have not been expressed during the workshop. 
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EVALUATION OF WORKSHOP ON OPTIMISING THE USE OF LIMIT WATER 

Most comprehensive evaluations were selected from two questions about relevancy of the 

technology [words in parenthesis are added for clarification]. 

 

Topic:  Crop Simulation Models (Shaun Lisson) 

General relevancy:  How has this work addressed real grower issues? 

 [The model is] attempting to address real issues concerning decision making, risk assessment, 

[and] integration of complex issues 

 Good for situations for unlimited water, but does not capture reality of limited water interactions 

 I am happy to provide the tools for advisory staff to answer questions and be proactive in CWI 

projects. I feel these tools now need to be delivered to all potential users. 

 Good cover of issues. Also, re spending vs saving – a combination of the two is often used – 

minimal irrigation to promote early crop growth – full irrigation later - is this covered? 

 Good general overview of some work that has been undertaken. Relevant – drying off – need to 

do more work. Use of limited water – need to do more work 

 The issues identified are very relevant to real grower issues. Effective rainfall from recent 

discussions concerning Bundaberg may influence future storages. Drying off strategies are a rule 

of thumb, therefore the decision of how long to dry off should be more scientifically-based. How 

do we use limited water? 

 Of interest, but needs to be proven in the field more 

 Provides an avenue to ask questions like “what if…” 

 
Specific relevancy:  How will this work help you to advance efficient, sustainable and 
profitable use of water? 

 More accurate determination of critical periods of irrigation [are needed] to achieve greatest 

response 

 Provision of tools for analysing [of] various system components, allowing for example, analysis 

of production [goals] vs environmental [goals] (eg drainage) 

 It needs further work. Model is just a tool. How we use it and deliver the outcomes may be the 

most important components to the success of the modelling approach 

 [The model is useful] in advising growers with limited (1-2 ML) water when to irrigate or fine 

tune their irrigation strategies 

 {The mode is useful for addressing] current industry obstacles (prices, yields) placing increasing 

demands on growers to maximise profitability from irrigation 

 It won’t [be relevant] in the present form 

 Just one tool to explain the concept may not give the right answer 
 
Suggestions for future work 

 Effective rainfall – how does this closely relate to infiltration rate into the soil profile, as well as 

irrigation method also effecting this infiltration. This is additionally looking at the effect of Trash 

Blankets on both irrigation and rainfall, eg additional water required to penetrate trash 

establishments or rainfall 
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 Incorporate more economic analysis in interpretation of results. Make more use of realistic soil 

profiles in simulation analyses 

 Evaluation of irrigation before harvest in extremely dry seasons to enhance ratooning capability. 

 Effect of trash blanketing on retention of rainfall. 

 Need to integrate this with the DNR project [on Regional Water Use Efficiency] and advisory 

services. Develop “what if” scenarios. Training of advisors in all districts 

 Ratoon growth (ratooning moisture requirements). 

 Drying off – CCS depression examples. Effect on following ratoon yield. Effective rainfall – need 

to validate simulation. Crops response – need to validate simulation. 

 Economic evaluation of drying off strategies – to final optimal drying off period. How is it 

affected by seasonal conditions? 

 Trash blanket. More soil types [required] 

 Greater explanation of the model inputs and processes to others in the industry 

 Need for criteria to implement dry off strategies c.f. risk management for establishment of 

subsequent crop. More overt linking/demonstration of $ impacts of dry-off would be beneficial. 

Links to rainfall probability (1-3 months) information 

 Tools/prescriptions for drying off, irrigation management strategic 

 

Field Experimentation (Geoff Bamber and Marcus Hardie) 

General relevancy:  How has this work addressed real grower issues? 

 The information can be passed down to grower’s level to show general indicators/thresholds on 

effective water use 

 Appears directly applicable to grower needs, but stops short of $ outcomes, economic 

relationships and final impact. Does not seem to account for effect of other grower variables 

 I have some difficulty in understanding how this will be applied and it will need some debate. I 

understand the input of this data to the models. Data between trials very confusing 

 Highly relevant, but variability a worry 

 Questions on balancing irrigation with rainfall [need to be addressed] 

 Relevant, but shows problems with field trials 

 Model validation limits use at present [ie model did not simulate trial results well enough] 

 Starting to address marginal responses to irrigation water 

 Need to address marginal issues 

 Participatory approach of trials have identified results that were quickly adopted by the growers 

 Well, however the water table seems to be having a huge influence on outcomes 

 Highlights the potential benefits of irrigation. Provides data to backup theory 

 
Specific relevancy: How will this work help you to advance efficient, sustainable and 
profitable use of water? 

 Future relevance to development [of] irrigation expansion/enhancing production which will be 

relevant for yield forecasting and production figures 

 [The] on-farm participatory approach, [is] raising awareness of issues with growers – [and] 

getting growers “on side” in tackling difficult issues 

 Assists [growers] belief in irrigation’s worth, even in “reasonable” water availability situations 
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 The tools will be used to better predict best use of water and reduce offsite impacts 

 Yes it was relevant 

 [The work will help] maximise tonnes cane/ML of water 

 [The project is useful] as background work, [and provides] data for extension to [the] grower 

 Trial work is [about] measure[ing] crop response [to irrigation], rather than [about testing] grower 

strategies for using that water 

 Very relevant, particularly if it goes back to a drier year 

 [This work has relevancy] by increasing the understanding of soil, water and plant relations 

 Sets a goal to aim for. Can remove the ambiguity/or misinformation throughout the industry 

 
Suggestions for future work 

 Effect of soil type on [irrigation response needs investigation]. This addition would effect rooting 

depth and effective extraction from the soil. This would also be in relation to water tables which 

would effect rooting depth based possibly on soil type and topography 

 Improved soil characterisation – soil/plant interactions, root system function [is required] 

 Interpretation of results – presentation of informational in meaningful ways for users [is required] 

 Lack of response at harvest vs response early in growth [needs to be addressed] 

 Contributions from water tables need to be discounted 

 The trials indicate extremely variable IWUE, depending on years, eg effective rainfall – some 

model simulation of this would be useful. Model needs to be tested against more data to validate 

this – should keep trials going as long as possible 

 Need work with ENVIROSCAN to look at waterlogging issue 

 Effects of water tables on crop growth (in terms of irrigation) and how model deals with it 

 Validation of model a [is a] problem. Treatments need to be expressed in terms of proportion of 

crop demand supplied [by irrigation]. Need longer-term field trials to take into account years 

when no responses [are obtained]. Effect of water table needs additional [work] 

 Continue to [validate] model [in a] greater range of situations, particularly those where excess 

water is involved 

 Crop, root, water logging soil interactions [need to be researched] 

 Differences in ability of model to simulate results of irrigation strategies in several cases 

highlights importance of site specification [soil characterisation?]. Is lack of this [soil] data a 

constraint to “believability” and use [of this work] as an extension tool? 

 The water table situation requires more work 

 Impact of water tables on crop growth [required more work] 

 Need more data on the water holding capacity of different soil and the response of cane to 

different levels of water available 

 Need to clarify terminology [on water use efficiency]. Develop standard terms used by industry. 

 

Model Application to Irrigation Experimentation & Extrapolation (Geoff Bamber) 

General relevancy:  How has this work addressed real grower issues? 

 Current system of scheduling may require some rethinking on this information 

 Improved understanding of current growth [crop water] demands is essential 
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 Not that relevant to [the] grower, but essential in analysing experimental data and establishing 

clear take-home message 

 Very real issue for certain districts – being driven by “clients” 

 Confirms grower xxx [observations] and supports general irrigation practice. Provides indications 

for “best practice” 

 It needs to be made relevant now to the next level 

 Highly relevant 

 Explanation of model. Helps explain better responses from rain and humidity 

 Help growers deal with year-to-year variation 

 Good presentation of some basic theoretical issues that underpin the way the model simulates 

growth and development 

 Good for some areas – too technical for most parts 

 [Relevancy} not apparent. Too abstract. 
 
Specific relevancy: How will this work help you to advance efficient, sustainable and 
profitable use of water 

 [The work will be used for] revised irrigation scheduling and application 

 [Relevant for] providing a basis for interpretation of field experiments 

 [The work will be used for] integrating with decision making regarding OFWS on specific farms 

 [The work will be used for] provision of “best bet” practices for limited water : start-up time 

[after rain], duration [of irrigation] 

 [The work provides] a better understanding of what to do [with limited water] and [how to] run 

scenarios [with the model] 

 Highly relevant 

 Gives some leads to better (more effective) use of limited water 

 Adds greatly to understanding of limited field trial data 

 Better simulation of situations which could be measured 

 Low VPD area. Strategies to get best value 

 Background understanding hard to relate to practical outcomes at this point 

 Developing model is obviously important for testing various irrigation strategies 

 [The work is useful for] develop[ing] an understanding of the factors used in model development 

– the equations. 

 
Suggestions for future work 

 Determine when the crop begins to produce an effective yield important periods of growth where 

production can be maximised [by irrigation] with the greatest efficiency 

 Explore alternate ways of presenting data/information. Need to educate users in various terms 

used to “quantify” water use efficiencies – need adoption of “standardised procedures” 

 Issues still to be addressed: 

 -  Who uses the “tools”? – what are legal liabilities – how do we deal with these? 

 -  Need to include uncertainties in simulation output, rather than focus on one number 

 Breeding for improved water response. Testing start-up times against water availability 
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 As suggested during the presentation, need to put predicted responses to irrigation in context – 

[These responses] depend on base effective rainfall and shape of response curve 

 Needs to be presented in manner growers can understand 

 Check strategy of irrigating only in times of high humidity with low quantities of water, ie 

recommendations may be [for example, if] R.H.>60% and deficit = 9.00 cm then apply water? 

 Evapo-transpiration [data needs to be supplied]. Collection of daily figures across all areas and 

districts. 

 Grower-based simulations on irrigation strategies [need more work] 

 Irrigation WUE needs to be quoted in a context of effective rainfall to allow examination of 

proportion of crop water demand that can/is be met a given number of years 

 Identify where response is on from response curve [water production curve] 

 Develop model to better/more accurately predict yield through better understanding of crop 

system 

 Incorporation of effective rainfall into presentations. 

 

Water supply and storage options using Bundaberg as a case study 
(Shaun Lisson) 

OFWS = On-Farm Water Storage 

General relevancy: How has this work addressed real grower issues 

 Puts some prospective into physical possibilities with dam design and practicality 

 Dealing with practical questions every farmer faces 

 [This work] should provide initial answers for potential value of storage options and basis for 

planning 

 This [work] has answered the criticisms previously [made at CRC meetings on storage work] 

 [This work] addresses grower needs 

 [This] is a real issue for growers 

 Yes (for Bundaberg) and other irrigation areas 

 Very relevant. Extension will be difficult 

 Yes, slightly technical. Legal issues 

 Tool kit guidelines for OFWS size, shape, catchment area. Quite relevant 

 Excellent. Appropriate and farmer-oriented use of modelling 

 High relevancy 

 The model seems to cover all real issues and events 

 Growers wanting information about feasibility of OFWS as alternative source of water. OFWS 

group in Bundaberg. 

 Needs to be done. Good use of the model 
 
Specific relevancy: How will this work help you to advance efficient, sustainable and 
profitable use of water? 

 [The work can] identify key areas for site selection of water storage to assist in farm decision 

making 

 Making improved decisions should lead to improved profitability, hence improved sustainability 



SUGAR RESEARCH AND DEVELOPMENT CORPORATION FINAL REPORT - PROJECT N
O.

 CTA018 

APPENDIX 3. 

 vi 

 Provide incentive for OFWS. Demonstrate values, contribution to project risk alleviation and 

value adding for various options (eg storage of out of allocation) 

 This will allow us to increase water use efficiency by increasing the water supply 

 Will help give efficient extension of current irrigation resources 

 Is a real issue for growers 

 Will aid in the design of storages 

 Extension will be difficult 

 I need confidence in the results, but these results are near impossible to verify for research project 

would need to be huge. Prospect of litigation would make me cautious in the recommendations I 

give 

 Coupled with an economic evaluation, this becomes a very powerful approach to answer a 

number of specific grower issues 

 Be able to determine how on-farm storage might improve reliability of allocation supply 

 Very useful for advising whether a grower should go ahead with on-farm storage 

 Determine size of storage which most benefits growers 

 Supply more water to the crop to increase yield. 

 
Suggestions for future work 

 Run-off determination 

 - topography eg gradient effect on runoff 

 - intensity of rainfall effect on runoff 

 Shape/design eg gully dam, ring tank, turkey’s nest [need to be considered] 

 Designs [need to] reflect economic or physical constraints eg size of farm or available land. Best 

design practice for farms, may also be relative to locations on farm where water may be 

considered to be of best use 

 Indemnity insurance needs to be considered? 

 Further development of tool kit to give an economic evaluation is required 

 Legal liability [needs consideration] 

 Indemnity – some doubt about reliability of predicted catchment yields (cover effects etc accurate 

sizing) 

 Make tables of results available. Run model for Mackay and other districts 

 Extension needs work – [There are a lot of options to crunch] 

 Evaluate variability in response etc. Think about a model to decide optimum strategy when 

outcomes are uncertain. 

 Evaluate performance of whole model, as well as evaluate individual parts 

 Sensitivity analysis [is required] 

 The integration with economics will be important. Where does the extension take place? It will 

have to be idiot-proof if growers, BSES and Product Boards are going to run it for individual 

growers 

 We have to have confidence in the model before giving concrete advice to growers 

 Development of decision support tool kit [is required] 

 Field test the model. 
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Investment Analysis of Irrigation and Storage Options (Mark Schuurs) 

General relevancy: How has this work addressed real grower issues 

 Allows an assistance packaging for grower decision providing additional backup 

 Critical requirement for growers, but analyses may not be in grower’s terms. Explanation of 

terms? Best application may be with grower and accountant relationships 

 Good, will help for decision making 

 Relevant to new irrigation areas, in particular for irrigation systems 

 Very relevant 

 Yes. Very important issues in terms of economics 

 Relevant 

 Very much. Makes them [growers] address real figures rather than feeling 

 Very relevant. Can give broad approach of a proposed scheme under different systems 

 Without the economic component, the APSIM simulation of water and storage won’t be accepted 

by growers. We need to be doing full economic evaluations of all these strategies 

 Highly relevant to growers 

 Very relevant, it all comes back to $s 

 Lower margins, industry documentation, growers need decision support tools and information to 

assist with decisions 

 Need to put a $ value on the whole irrigation system. Even if yields are increased profit may not 

be, and that is the bottom line 

 [The work has the] ability to provide sensitivity analyses for specific farm situations. 

 
Specific relevancy:  How will this work help you to advance efficient, sustainable and 
profitable use of water 

 Provides an overall risk analyses for basic decision making. 

 Indicates working parameters – gives direction, if only to seek more advice 

 Builds for investment decisions 

 Useful for growers and their accountants on a family farm basis 

 [The work provides] back-up information for decision making 

 Good that tax effects are taken into account. Important that individual growers get professional 

advice about their own situation 

 Helps assess profitability 

 A very useful tool for assessment of a proposed irrigation scheme. 

 This has specific relevance to growers [who] wish to build on-farm storages. This is very 

important work and represents the end-point to the modelling [effort] 

 This work may lead to grower decisions to avoid capital expenditure on irrigation 

 Very relevant for financial planning by growers and their financial advisors 

 To be sustainable you must be profitable. 

 
Suggestions for future work 

 Worst case scenario [should be] taken into account eg high interest rates and low sugar prices 
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 Possibilities of converting or updating current practices or equipment [need to be assessed] 

 Sensitivity analyses [will have] to be based on achievable responses from irrigation – not 

necessarily predictable responses from APSIM 

 Sensitivity Analysis should have a production assumption sensitivity. 

 Maybe accountants are a client group for this work 

 Shorter [term] cash flow [is] important. It is no good costing over 20 years if business does not 

survive short-term cash flow. 

 Continue to update model. Availability of model to advisors? 

 Again, an extension problem to maximise use of tools 

 Terminal values of irrigation equipment and storage [needs to be accounted for as well as] value 

of irrigation to increase sale price of farm. 

 Needs to be developed into a user-friendly front for bank managers, EOs, accountants, etc. 

 Needs to include assessment of flexibility irrigation investment may make to overall farm 

operation, eg irrigation may enable grower to make effective use of rotating other crops with 

sugarcane, thereby making sugarcane production system more substantial in long term 

 What about the case where irrigation infrastructures work on other crops, eg peanuts and cane? 

 [What are the legal implications if poor advice [is given] and [the] grower goes bust. Variability 

in sugar prices, CCS, etc. Sensitivity of analysis if crop yield under- or over-estimation [need to 

be included]. 

 My concern is that the models output is dependent on current understanding. If this varies 

significantly to that observed/actually obtained, will the economic analysis mislead growers? The 

issue being [that] we have to be absolutely sure of the models output when bringing in the 

economics. 

 

Optimum Use of Water on the Whole Farm within a Season (Lisa Brennan) 

General relevancy: How has this work addressed real grower issues 

 Providing dollars is always the main importance for any growers for any future planning 

 Issue is important 

 Highly “relevant”. Demonstrating real value of water and why application of economic aspects is 

so important 

 This is good, but political dynamite 

 Highly relevant, but also political – a real issues for growers 

 Yes, relevant 

 Optimising use of limited water is critical in some areas 

 Is APSIM predicting on-farm response? 

 Work has strategic relevance 

 Issues such as lower cane prices and very wet years where little water is used, if these factors can 

be put into the model it would be brilliant 

 A real issue, but hard to extend to growers. 
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Specific relevancy: How will this work help you to advance efficient, sustainable and 
profitable use of water 

 Valuable in planning water needs of different districts 

 Very little as yet 

 Great tool, but how do we use it safely? 

 This must be important for both the industry and growers, but I’m afraid I’m not seeing the forest 

for the trees 

 Tactical relevance and presentation in TT format will be a real challenge 

 Highly relevant to industry facing likely increased charges for water. Information from this 

modelling can provide ammunition [for] Government [who] needs to justify increased water 

charges. This may not be in the best interest of industry. 

 

Science: What is the scientific or strategic value of this work? 

Suggestions for future work 

 Incorporate variability in output 

 [What is the] reliability of production functions being used? 

 Model “typical” years. 

 Delete unrealistic water application costs 

 How do you convey this to your clients in a political climate 

 Put in trial data as well as model data 

 Apply to other examples 

 Validate APSIM on the treatments. Need better crop response function. Political dynamite 

 Incorporate yield variability in model. MOTAD type model that could identify optimum farm 

plan when response, water cost, sugar prices, etc is variable 

 Hard for field work to validate [Lisa’s] model 

 Again, the challenge is to bring the process down into a useable format 

 Expansion from Bundaberg situation to other Qld growing regions [is required]. 
 

Future Research Plans (Geoff Bamber) 

Presentation notes 

General relevancy:  How has this work addressed real grower issues? 

 Focus on needs identified by group [but it is} hard to assess if these are the same as grower’s 

needs 

 Essential that APSIM predictions are scaled to farmer responses 

 Satisfactory, but needs extension to “client friendly: outcomes. These should include 

socioeconomic issues 

 We need to prioritise the most important issues 

 Relevant issues covered 

 TT through existing agencies. Who is the target for CRC? 

 Bit that has happened is good 

 At too high a level for growers. 



SUGAR RESEARCH AND DEVELOPMENT CORPORATION FINAL REPORT - PROJECT N
O.

 CTA018 

APPENDIX 3. 

 x 

Specific relevancy:  How will this work help you to advance efficient, sustainable and 
profitable use of water? 

 Development of BMP will surely help profitability and sustainability 

 If issues are prioritised and addressed accordingly, the collective outcome with be practical and 

worthwhile 

 Identify key areas of work 

 Relevant 

 Critical – need to get findings to grower levels? 

 
Science:  What is the scientific or strategic value of this work? 

 High, given the increasing importance of water and increasing demand from all sectors 

 Analyses of outputs/outcomes will give assessment of progress and where gaps exist 

 Needed for CWI 

 Good scientific and strategic value 

 Core work. 

 
Suggestions for future work 

 Need to ensure integration of soil/plant issues – not dealt with in isolation 

 Very little mention of roots and root function – is this well enough known? 

 Policy issues need to be handled gently 

 Look at how to incorporate ‘old ratoon’ decline effect in modelling. Variety influence starting to 

be tackled in BSES variety and irrigation trials – could tap into these 

 Workshops with target groups (information sessions) 

 Need resources to get action 

 Reality check of current tools. Case studies are required. 
 

Technology Transfer (David Calcino) 

General relevancy:  How has this work addressed real grower issues? 

 Working toward this general objective, but needs packaging in a “client friendly” manner 

 Much needed, but how to do? 

 There is valuable information available for growers, but at this stage limited TT of model outputs 

– main output has been from water check project through on-farm demonstrations etc 

 Real issue for growers 

 We need to identify our clients or user groups, then identify in what form the model/package 

should take 

 The TT client base is wider than canegrowers alone – consultants, agribusiness, accountants, 

bankers, government policy advisors, especially for some of the strategic tools 

 Most important part of whole process 

 Too often TT is tagged on the end. Maybe we should let the grower know what we are doing. 

 
Specific relevancy:  How will this work help you to advance efficient, sustainable and 
profitable use of water? 

 [By increasing] awareness to industry, therefore ease of selling the technology 
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 Adoption of BMP is essential to improve profitability and sustainability 

 Identification of specific TT items will assist targeting of information according to evidence and 

to include each level of client base 

 It is needed to delivery an outcome 

 When TT is put in place, the project outputs will be a valuable tool 

 Absolutely important 

 From TT perspective, needs tool(s) that can be used with individual grower(s) taking into account 

their specific and differing requirements 

 Once models etc are properly calibrated, the above will be possible. 

 
Suggestions for future work 

 Awareness created of the ongoing work and final product to all sections of the industry/local 

bodies with clear understanding 

 Making sure that technology transfer is also providing feedback to those involved 

 Need to focus on few key issues that are adopted and make an impact (that can be measured) eg 

OFWS, economic analysis tools 

 Need to have an ability to measure impacts which often can be difficult to identify 

 Formal evaluation procedures should be commenced. Production of simple tools: tables, 

calculators, etc 

 Link closely to DNR [RWUE] project 

 Firm up applicability of APSIM to different regions and then promote outputs 

 Workshops – presentations (short course) for farmers and farm workers. Integrate into national 

competency standards 

 Determine market. Package products. 

 


