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CHAIRMAN’S REPORT
Welcome to another edition of the Farmers’ Newsletter.

With a perfect growing season for most of our summer crops, we 
look forward to another successful harvest. Although allocations 
have been low, irrigators continue to rise to the challenge of 
growing more with less.

Bright future for irrigated agriculture
The recent IREC ‘Automation tour’ was a perfect illustration of 
irrigators rising to the challenge. Tour participants were shown a 
wide range of irrigation layouts, automated systems and varying 
management strategies by irrigators who are aiming to get the 
most out of their technology. The results described by our 
irrigator hosts were impressive on many levels:

MM lifestyle – no night time siphon or bay changing

MM efficiency – higher flows reduced losses outside the plant root 
zone and bay heights enabled water management to millimetre 
accuracy

MM yield increase – water on/off time was halved, eliminating soil 
saturation therefore plant growth was no longer hampered by 
waterlogging

MM reduced system losses – run-off was managed to the minute 
so tailwater was eliminated or reduced dramatically.

Put all these things together into a streamlined management 
system and the benefits cannot be ignored.

I would encourage all irrigators contemplating an irrigation system 
change to get on one of these tours. There will be more tours 
run by IREC in the coming months if our members are interested.

New partnerships

Deakin
I am delighted to announce that a new and exciting partnership has 
been struck between IREC and Deakin University. This is stage 
one of a growing relationship that will only strengthen Deakin’s 
research presence in the region. Deakin already has some ‘runs 
on the board’, now funding five researchers in Griffith, as well as 
several post-graduate students.

Deakin is also involved in a bid to develop a ‘Centre for Irrigation 
Excellence’ in Griffith along with Griffith City Council, IREC and 
other partners. Griffith City Council is to be commended for 
taking the lead and financing the production of a business case 
for this concept. The business case will set the platform for the 
project and work on it is already underway.

I am also pleased to announce that Deakin University will provide 
funds for IREC to engage a consultant to undertake some project 
work over the coming twelve months.

Murrumbidgee Irrigation
IREC is currently in talks with Murrumbidgee Irrigation (MI) to 
develop some key areas where irrigators and MI can work 
together to improve on-farm performance and irrigation 
technology uptake. The new CEO Brett Jones and Chairman 
Frank Sergi recently visited the IREC Field Station and discussed 
many topics on which MI and irrigators could move forward.

We will be exploring partnership opportunities with Murray 
Irrigation Limited (MIL) and Coleambally Irrigation Co-operative 
Limited (CICL) in the coming months.

Field station
The 35-hectare development at the IREC Field Station was 
completed just in the nick of time for planting a cotton crop. The 
cotton looks magnificent and the first fully-automated rollover 
bankless channel system is installed and working well. Updates 
on all trial work will be reported in future editions of the Farmers’ 
Newsletter.

Do yourself a favour and drop by for a look at the field station if 
you are in the area.

The Cotton Research and Development Corporation (CRDC) 
board held its recent meeting in Griffith and made the time to 
visit the site and meet with growers. The support that the CRDC 
gives this region is much appreciated.

I would like to take this opportunity again to thank the CRDC, 
CSD, Local Land Services, Rubicon and Padman Stops for their 
ongoing support of the field station development.

Farmers Newsletter goes digital
The Farmers’ Newsletter is another part of IREC that will undergo 
change. In its 72-year history, the Farmers’ Newsletter has taken 
several forms. Recognising new methods for accessing information 
and embracing new extension approaches, the next and all 
future editions of the magazine will be electronic. IREC remains 
committed to providing members with quality independent 
information — now in a modern format. 

I hope you enjoy this edition of 
the Farmers’ Newsletter, reap the 
rewards of your summer toil with a 
good harvest and enjoy a good start 
to the winter cropping season.

Rob Houghton
Chairman IREC
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A FEW WORDS FROM THE EO
As we get to the business end of the summer irrigation season, 
we are all hoping for more good weather and lots of rain in the 
catchment.

It has been another busy summer with a wide range of field days 
and farm walks for irrigators to attend.

New layout & automation
The new irrigation and automation works out at the IREC Field 
Station at Whitton are now fully complete, although it was touch 
and go for a while due to the persistent rain in late July and August. 
The cotton is looking very impressive and it will be interesting to 
see how picking goes. Read more about field station in the article 
on page 25.

The combination of new research projects and the fully automated 
irrigation layout at the field station is proving to be a big drawcard 
for visitors to the region. Over the past six months close to 2oo 
visitors have toured the site to learn about the new irrigation layout 
and industry leading automation, as well as hear about progress of 
the Optimising the management of manures in southern NSW cotton 
production and Maximising on-farm irrigation profitability which you 
can read all about on page 30.

Working with other groups
The Maximising On-farm Irrigation Profitability project is providing 
an ideal opportunity for IREC to strengthen its relationships with 
other grower groups (Irrigated Cropping Council and Southern 
Growers) and researchers from Deakin University and NSW DPI.

IREC is also exploring greater partnerships with Murrumbidgee 
Irrigation, Deakin University and Riverina Regional Development 
Australia, and we hope to be able to share more with you soon.

Old newsletters now digital
For those of you wanting to find articles from past editions of the 
IREC Farmers’ Newsletter, we have some good news. Through 
funding from Riverina LLS, past editions of the newsletter have 
now been scanned and are available electronically.

An index of articles is available on the IREC website at www.irec.
org.au/irec-farmers-newsletter/

Copies of articles are free of charge to IREC members and 
available at a charge to non-members. Contact Hayley at the 
IREC office (02 6960 1550) if you wish to obtain copies of articles.

Keep up to date with what is happening by 
following IREC on Twitter or Facebook, or 
checking out the IREC website.

Iva Quarisa
Executive Officer IREC

I R E C  W e b s i t e :  i r e c . o r g . a u  F a c e b o o k :  i r e c n s w  T w i t t e r :  I R E C N S W

Upcoming events
July 2016 Farm Diversity Workshop

Rice Special R&D Edition of the Farmers’ 
Newsletter

August 2016 IREC AGM – 16 August
Horticultural Alternative Options Tour
Spring edition of the Farmers’ Newsletter

Additional events may be added to the IREC Calendar after printing, 
so check IREC’s website or follow IREC on Twitter and Facebook
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2015 Telstra 
Australian 

Business of 
the Year

National Winners
2015 Telstra Australia Business of the Year
- Regional Award category

southerncotton.com.au

For more information about converting to 
cotton, or to discuss ginning, contact  

Kate O’Callaghan: Phone: (02) 6955 2755 
Email: kate.ocallaghan@southerncotton.com.au

Or visit the Cotton Seed Distributors  
www.csd.net.au or Cotton Australia  

www.cottonaustralia.com.au. 

Southern Cotton is committed to exceeding the expectations and 
supporting both new and existing growers in their cotton processing.

1. Paddock history

Depending on the previous crop 
grown in the paddock, cotton may 
require a different paddock layout. 
Chemical history should be considered 
and soil testing should be carried out 
to identify any nutritional issues.

2. Variety

When selecting cotton variety, 
growers should consider which would 
best suit their environment and farming 
practices in terms of time of sowing 
and seedling establishment.

3. Agronomy 

Enlisting the help of a local 
agronomist will help new growers 
navigate their way through alternate soil 
management and the growing process. 

4. Water allocation 

Our growers are going from strength to 
strength because cotton is consistently 
providing a greater return per megalitre 
than other irrigated alternatives. Growers 
still need to take into account whether 
their water allocation will adequately 
support their cotton crop. 

5. Lint prices and marketing

The lint produced by the cotton crop is 
marketed under a competitive marketing 
system. Cotton lint can be marketed 
up to four years ahead. Growers have 
excellent options for the processing, 
delivery and sale of their cotton. Visit 
www.southerncotton.com.au for a list 
of Southern Valley merchants.

6. Seed 

Be sure to understand how your seed 
yield is calculated. Southern Cotton has 
implemented a ‘maximum seed return’ 
program and offer a ‘forward sell’ option to 
ensure growers attain the greatest return for 
their seed.

7. Insurance

Growers should consider an insurance 
broker that will provide adequate coverage 
for all aspects of the cotton growing process. 
Visit www.southerncotton.com.au for a list 
of Southern Valley insurers. Southern Cotton 
insurance covers yours crop from module to 
bale (*excess and conditions apply).

8. Plastic wrap 

When cotton is harvested by a round bale 
picker, plastic wrap is used to protect cotton 
modules from paddock to gin. Even when 
using a contractor purchase of plastic wrap is 
the grower’s responsibility. 

9. Module freight

Growers are responsible for 
organising and financing the 
transportation of their cotton to the 
cotton gin. As part of your ginning 
contract, Southern Cotton offers 
grower freight subsidies and can help 
with freight logistics if required.

10. Picking

Picking requires a well planned and 
executed procedure. Above all else, 
growers should keep in mind factors 
that have a direct impact on the quality 
of cotton. When to start picking: rules 
of thumb:

• Hard seed (cracks in your teeth)

•  Moisture on the lint is almost gone – 
moisture below 11%

•  Timing – for best results, avoid early 
in the morning and late at night. 

11. Ginning

Who will gin your cotton? When 
deciding on a cotton gin, it’s 
important to consider:

•  Competitive pricing options

•  Fast and timely ginning – 
remember, growers get paid for 
their crop after it is ginned!

•  Accreditation and Best 
Management Practices employed

•  Efficient management of modules 
and seed logistics

•  Paddock to finished bale data 
reports

•  Insurance cover

•  Individual service and support

As the cotton industry continues to grow in Southern NSW, more and more growers 
are considering converting. Thinking about growing cotton?  

We’ve unpicked the top 11 things to consider to ensure you’re top of the crop.

Why growers pick cotton

•  Yield and quality of cotton is high

• Strong lint and cottonseed prices

•  Growers can forward market four 
years in advance

•  Cotton has a high return per 
megalitre of water

•  At Southern Cotton, growers 
benefit from fast timely ginning 
and personalized service
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QUICK TAKE

M› A 2015 irrigated wheat density experiment demonstrated 

no difference in grain yield when establishing the wheat 

variety Suntop at a range of plant densities between 62 

and 192 plants/m2.

M› At sowing, growers don’t know how much moisture 

stress the crop will experience. Therefore they need to 

sow at a seeding rate that will best suit a range of moisture 

stress scenarios that may occur later in the season.

M› Further research needs to be conducted on seeding rates 

of wheat varieties across different irrigation frequencies 

to determine suitable wheat plant densities that provide 

maximum grain yield potential across a range of moisture 

stress levels.

IRRIGATED WHEAT – 
BEST SEEDING RATE?
Brian Dunn
Research Agronomist, NSW Department of Primary 
Industries, Yanco

Growers of irrigated wheat have little information about 
suitable seeding rates for the range of levels of moisture 
stress that their crops may encounter in a growing season.

Current recommended seeding rates for irrigated wheat are 
aimed at a fully irrigated crop, however in many cases the wheat 
crops are not fully irrigated.

The question is then asked, can high grain yields still be obtained 
at lower plant densities in fully irrigated crops? If so, would a lower 
plant density be a better option that may suit both fully irrigated 
and more moisture-stressed crops, allowing the grower more 
water management options?

In 2015, an experiment was conducted at NSW DPI’s Leeton 
Field Station to investigate the effect of seeding rate and plant 
density on grain yield and quality for a fully irrigated wheat crop.

Treatments & method
The wheat variety, Suntop, was direct drilled into an uncultivated 
self-mulching heavy clay soil on 18 May 2015. Seeding rates of 50, 
75, 100 and 125 kg/ha along with 150 kg/ha DAP were sown at 
18 cm row spacings, with four replications of each seeding rate.

Each seeding rate treatment was split for topdressed nitrogen, 
which was applied as urea at the beginning of stem elongation 
(Z30) and prior to 10 mm of rain. There were two nitrogen 
treatments, with a total of 200 kg N/ha and 100 kg N/ha applied 
to each.

The experiment received two spring irrigations and a large rainfall 
event in early November, which resulted in the crop having very 
little moisture stress during its growth.

Crop establishment & growth
The 50, 75, 100 and 125 kg/ha seeding rates resulted in plant 
densities of 62, 101, 160 and 192 plants/m2, respectively (Figure 1).

Plant samples were collected at both flowering and harvest. 
At flowering, the 50 kg/ha seeding rate had significantly lower 
dry matter than the other three seeding rates but there was 
no significant difference in tiller number between seeding rates 
(Table 1).

At harvest, no significant difference was found between any of 
the seeding rates for total dry matter, tiller number and harvest 
index. Results averaged across all treatments were 1882 g/m2 dry 
matter, 502 tillers/m2 and 0.34 harvest index respectively.

Grain yield & quality
Grain yield averaged 6.74 t/ha across all treatments and there 
was no significant difference in grain yield between the different 
seeding rate or nitrogen treatments (Figure 2).

No significant difference was also found in either grain protein 
or grain test weight between the seeding rate treatments. Grain 
protein averaged 12.1% and grain test weight 78 kg/hL, with all 
seeding rate treatments providing similar results (Table 1).

Grain protein was significantly higher with the higher rate of 
topdressed nitrogen, with the 200 kg N/ha nitrogen treatment 
producing 12.2% protein compared with the 100 kg N/ha 
treatment with 12.0%.
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Percentage screenings in the 125 kg/ha seeding rate treatment 
were significantly lower than the other treatments, which were 
all statistically similar.

Percentage screenings increased significantly with the higher rate 
of topdressed nitrogen, from 5.2% for the 100 kg N/ha to 6.4% 
for the 200 kg N/ha treatment.

Seeding rates need evaluation
Results from this experiment demonstrated that high grain yields 
can be obtained from low plant densities in fully irrigated crops. It 
is important to note that this experiment was conducted in one 
season and included only one variety and some varieties may 
not tiller as well as Suntop. Therefore general conclusions across 
varieties about seeding rates cannot be drawn, but this work is 
valuable in raising the question as to whether current seeding 
rates for irrigated wheat should be re-evaluated.

In recent years with considerable competition in the farming 
system for available irrigation water, it is likely that many irrigated 
wheat crops experience considerably higher levels of moisture 
stress than experienced in this experiment. In that situation, lower 
seeding rates and plant densities may potentially provide higher 
grain yields and better grain quality than the current high seeding 
rates recommended for irrigated wheat.

Current seeding rate recommendations for irrigated wheat are 
80–110 kg/ha with a plant establishment target of 150–200 
plants/m2. In this experiment, where the wheat crop experienced 
little moisture stress, plant densities in the range of 62–192 
plants/m2 had no impact on grain yield and little impact on grain 
quality. Wheat has the ability to compensate for low plant density 
by changing the number of tillers and size of the heads to achieve 
high yields.

In the high rainfall zones of southern NSW, where wheat grain 
yields are often similar to irrigated wheat yields, the recommended 
sowing rate is 45–65 kg/ha with a suggested plant establishment 
target of 90–130 plants/m2. This experiment suggests that plant 
densities in this range may still provide the same level of grain 
yield in the fully irrigated environment as the higher plant densities 
recommended for irrigated crops.

Results from this experiment suggest that seeding rate research 
should be conducted on current wheat varieties over a range of 
different moisture stress situations. This would provide growers 

Table 1. Plant density, growth, grain yield and quality results for the four seeding rate treatments averaged over the nitrogen treatments

Seeding rate
(kg/ha)

Plant density 
(plants/m2)

Flowering dry 
matter (g/m2)

Flowering tiller 
no. (no./m2)

Grain yield
(t/ha)

Grain protein
(%)

Test weight
(kg/hL)

Screenings
< 2 mm 

(%)

50 62 989 565 6.59 12.2 78 6.0

75 101 1146 671 6.81 12.1 78 5.9

100 160 1114 681 6.71 12.2 78 6.4

125 192 1149 692 6.85 12.1 79 4.9

lsd (P<0.05) 26 74 n.s. n.s. n.s. n.s. 1.0
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s e e d i n g  r a t e  o f  w h e a t

with variety specific seeding rate recommendations that will 
provide maximum potential grain yield and quality across a range 
of available crop moisture situations to maximise profitability.
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QUICK TAKE

M› Varietal selection again proved to be the major influence 

on irrigated wheat yield, in the second year of trials at 

Leeton.

M› Cobra was the highest yielding variety in this trial but 

Corack, Suntop and the durum breeding line 280913 also 

performed very well.

M› Correct nitrogen timing significantly increased grain yield 

and grain protein, and also significantly reduced lodging.

M› Managing plant population can also significantly reduce 

lodging.

LIFTING IRRIGATED 
WHEAT YIELDS
Tony Napier, Cynthia Podmore, Neroli 
Graham, Luke Gaynor & Deb Slinger
NSW Department of Primary Industries

Ongoing trials are increasing knowledge and experience 
about the best varieties and agronomic management for 
high-yielding irrigated wheat in the south-eastern Australia.

A second season of wheat trials, as part of the Southern irrigated 
cereal and canola varieties achieving target yields project was 
completed in 2015.

This article reports on the effect of variety, plant density and 
nitrogen management on grain yield at the Leeton Field Station, 
which is one of seven sites of the project. The other sites are 
located at Coleambally, and in the Lachlan Valley, the Murray 
Valley, north west Victoria, the south east of South Australia and 
Tasmania. Due to harvest time (up until mid-December), the 
large number of samples to process and analyse, and the time 
required for statistical analysis, it is not possible to report on all 
sites in this article.

In 2016, the third and final year of trials will be conducted ahead 
of the publication of variety specific agronomic packages (VSAPs) 
for each region and crop type (cereals and canola), and best 
management practice guides for each crop type.

The experiment
The experiment at the NSW DPI Leeton Field Station was 
conducted on a self-mulching medium clay soil with barley as 
the previous crop. It was sown on 8 May 2015 and machine 
harvested on 3 December 2015. The trial site received one pre-
sowing irrigation and two spring irrigations, providing plenty of 
available soil moisture during the growing season (Figure 1). A 
total of 4.2 ML/ha irrigation water was applied to the trial site, 
with winter rainfall of 208 mm (2.1 ML/ha) and spring rainfall of 
51 mm (0.5 ML/ha).

Fourteen wheat varieties were evaluated over two plant density 
treatments and two nitrogen timing treatments (Tables 1 and 2).

Table 1. Varieties evaluated in the irrigated wheat trial, Leeton 2015

Varieties evaluated in the irrigated wheat trial

280913 (breeding line) Kiora 

EGA Bellaroi Lancer 

Chara Mace 

Cobra Merinda 

Corack Suntop 

EGA Gregory Trojan 

Impala Wallup 

Table 2. Rate of nitrogen applied (kg N/ha) in the nitrogen timing treat-
ments evaluated in the irrigated wheat trial, Leeton 2015

Timing Sowing First node Booting Total

Early 
nitrogen 135 80 30 245

Late 
nitrogen 65 80 100 245
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Figure 1. Soil moisture tension (kPa) at 30 cm and 60 cm for the irrigated 
wheat trial at Leeton 2015, with the irrigation trigger point depicted by the 
dashed line

The plant density treatments were ‘high density’ (average 163 
plants/m2) and ‘low density’ (average 117 plants/m2).

Both nitrogen timing treatments had a total of 235 kg N/ha applied 
throughout the growing season. The ‘early nitrogen’ treatment 
had the majority of nitrogen applied at sowing while the ‘late 
nitrogen’ treatment had the majority of the nitrogen applied later 
in the season (Table 2).

The trial was sown with six rows per plot and a row spacing of 
250 mm. There were three replicates of 56 treatments (168 
plots) in a randomised block design. Each plot was 1.5 m wide 
and 10.5 m long.

The trial was both hand harvested (2 m2 cuts) and machine 
harvested (the remaining 12 m2) for yield results. The hand-
harvested cuts were taken from the middle four rows so there 
was no outside row effect. The machine-harvested cuts were 
taken from the whole six rows. The machine-harvested yields are 
used in this report as there was much less variation between the 
mean yields for each treatment. The machine-harvested yields 
were on average 14% higher than the hand-harvested yields due 
to inclusion of the outside rows, which are higher yielding than 
the inside rows because there is less competition for light and 
nutrients.

Grain yield results
Grain yield averaged 9.60 t/ha across all variety, density and 
nitrogen treatments when measured by machine harvest.

Cobra was the highest yielding variety at 11.03 t/ha, which was 
significantly higher than all other varieties. Corack, Suntop and 
280913 (durum breeding line) also achieved very high grain yields, 
exceeding 10 t/ha. Merinda, Impala and EGA Gregory were the 
lowest yielding varieties (Figure 2).

Plant density effect
Plant density did not significantly affect wheat grain yield. The ‘high 
density’ treatment (163 plants/m2) had a grain yield of 9.57 t/ha 
and the ‘low density’ (117 plants/m2) treatment had a grain yield 
of 9.63 t/ha.

Nitrogen timing effect
The trial demonstrated the significant effect that timing of nitrogen 
application has on wheat grain yield. Applying most (73%) of the 
nitrogen at or after the first node stage (late nitrogen) significantly 
increased grain yield compared with applying over half (55%) 
of the nitrogen pre-sowing (early nitrogen). The ‘late nitrogen’ 
treatments yielded an average of 9.71 t/ha, which was statistically 
higher than the ‘early nitrogen’ treatments that averaged 9.49 t/ha 
(Figure 3).
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i r r i g a t e d  w h e a t

Grain quality results

Protein
Lancer had the highest grain protein content of 13.10%, which 
was similar to the durum breeding line 280913 with 13.08%. 
Impala had the lowest grain protein content of 11.45%, which 
was similar to Suntop with 11.70%. Grain protein results are 
presented in Table 3.

Nitrogen timing also affected grain protein. The ‘late nitrogen’ 
treatments had the highest average grain protein content of 
12.45%, which was significantly higher than the ‘early nitrogen’ 
treatments which averaged 12.26%.

Plant density had no effect on grain protein content.

Test weight
Corack had the highest test weight of 85.35 kg/hL, which was 
statistically similar to Wallup, Lancer, Impala, EGA Gregory, 
Trojan and Suntop. EGA Bellaroi had the lowest test weight of 
82.78 kg/hL, which was statistically similar to Merinda, 280913, 
Mace and Cobra. Test weight results are presented in Table 3.

Both nitrogen timing and plant density had no effect on test 
weight.

Screenings
The durum breeding line 280913 had the lowest screenings 
(1.23%) and was significantly lower than all other varieties. Merinda 
had the highest screenings (6.34%) and was statistically similar to 
Kiora (6.04%). Screenings results are presented in Table 3.

Both nitrogen timing and plant density demonstrated a significant 
effect on screenings. The ‘late nitrogen’ treatments had significantly 
lower screenings than the ‘early nitrogen’ treatments. The ‘low 

Table 3. Grain quality and lodging results averaged across density and 
nitrogen treatments for the irrigated wheat trial (Leeton 2015)

Variety Grain protein
(%)

Test weight
(kg/hL)

Screenings
< 2 mm 

(%)

Lodging 
score*

Lancer 13.10* 85.00* 3.01 4.0

280913 13.08* 83.12# 1.23* 7.4

EGA 
Bellaroi 12.75 82.78# 3.32 8.1*

Wallup 12.70 85.00* 3.12 4.3

Merinda 12.62 82.81# 6.34# 5.7

Chara 12.55 83.98 4.49 4.6

Cobra 12.41 83.31# 2.73 5.0

Kiora 12.26 84.03 6.04# 4.9

EGA 
Gregory 12.22 84.74* 3.77 4.7

Corack 12.11 85.35* 2.32 1.8 #

Trojan 12.05 84.58* 4.28 5.0

Mace 12.01 83.27 # 3.19 3.5

Suntop 11.70# 84.30* 3.99 4.4

Impala 11.45# 84.76* 4.81 7.0

l.s.d. (P<0.05) 0.27 0.93 0.67 0.7

* Statistically in the highest grouping # Statistically in the lowest 
grouping * Lodging score: 0=no lodging; 9=completely lodged

Farmers inspecting irrigated wheat variety trial at Leeton (2015)
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density’ treatments also had significantly lower screenings than the 
‘high density’ treatments.

Lodging
Corack had the least lodging with a score of 1.8 and had significantly 
less lodging than all other varieties. EGA Bellaroi had the most 
lodging with a score of 8.1 and had significantly more lodging than 
all other varieties. Lodging results are presented in Table 3.

Plant population had a significant effect on lodging with the ‘low 
density’ treatments having significantly less lodging than the ‘high 
density’ treatments. Nitrogen application timing had no effect on 
lodging.

Conclusion
The irrigated wheat trial at Leeton Field Station in 2015 
demonstrated that varietal selection is a key driver for achieving 
maximum yields.

The trial averaged 9.60 t/ha across all varieties and treatments 
(machine-harvested samples, including edge rows). These yields 
can be expected to be about 14% higher than hand-harvested 
plots with the outside buffer rows removed. Cobra was the 
highest yielding variety with an average machine-harvest yield of 
11.03 t/ha. Without the edge-row effect, Cobra yielded 9.5 t/ha. 
Other high yielding varieties include Corack, Suntop and the 
durum breeding line 280913.

The grain yield results achieved in this trial demonstrated that 
good irrigation management is important for achieving high yields. 
Soil moisture was monitored throughout the season and the 
plots were irrigated before any moisture stress occurred. The 
trial received one pre-irrigation before sowing and two spring 
irrigations. In total, 4.2 ML/ha of irrigation water was applied to 
the trial.

Fourteen varieties were tested in the irrigated wheat trial at Leeton (2015)

Nitrogen timing and plant density also influenced the results. 
Applying most of the nitrogen (73%) at or after the first node 
stage (late nitrogen) significantly increased both grain yield and 
grain protein. The ‘late nitrogen’ treatment also significantly 
reduced screenings. The ‘low density’ treatment significantly 
reduced screenings and lodging.
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Tony Napier
M: 0427 201 839
E: tony.napier@dpi.nsw.gov.au

Growing Oats with a Secure, Low Risk Marketing Option

UniGrain Pty. Ltd. has recently released their Oat Contracts for the 2016/17 
season.  These contracts give growers the security of a guaranteed price and 

market along with the convenience of local delivery to nominated 
storage sites.  

Contact us for more information and before our contracts are �lled.

Trevor Bray 
Ph: (03) 5345 5002
M: 0431 659 376
Email: tbray@unigrain.com.au

Michael Vaccari
Ph: (03) 5223 6688
M: 0402 893 595
Email: michaelv@unigrain.com.au

i r r i g a t e d  w h e a t
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QUICK TAKE

M› Varietal selection again proved to be the strongest 

determinant of irrigated canola grain yield, in the second 

year of trials at Leeton.

M› The three highest yielding varieties were Diamond, 

Hyola 50 and GT-50.

M› Sowing time and variety interaction affected lodging, 

grain yield and harvest index.

M› Plant population alone only affected lodging but the 

variety interaction affected lodging and harvest index.

LIFTING IRRIGATED 
CANOLA YIELDS
Tony Napier, Cynthia Podmore, Deb 
Slinger, Luke Gaynor & Neroli Graham
NSW Department of Primary Industries

Ongoing trials are increasing knowledge and experience 
about the best varieties and agronomic management for 
high-yielding irrigated canola in the south-eastern Australia.

The second year of irrigated canola trials as part of the Southern 
irrigated cereal and canola varieties achieving target yields project 
was conducted in 2015.

The Leeton trial reinforced the key messages from Year 1: varietal 
selection is the major driver of high yielding irrigated canola 
production but other aspects of agronomic management such as 
plant population and time of sowing also affect yield and grain 
quality.

The NSW DPI Leeton Field Station is one of seven sites of the 
project. The other sites are located at Coleambally, and the 
Lachlan Valley, the Murray Valley, north west Victoria, the south 
east of South Australia and Tasmania.

Due to harvest time (up until mid-December), the large number 
of samples to process and analyse, and the time required for 
statistical analysis, it is not possible to report on all sites in this 
article.

In 2016, the third and final year of trials will be conducted ahead 
of the publication of variety specific agronomic packages (VSAPs) 
for each region and crop type (cereals and canola), and best 
management practice guides for each crop type.

The experiment
In 2015, the irrigated canola trial at the NSW DPI Leeton Field 
Station evaluated the effect of variety, time of sowing, plant 
population and their interactions on canola grain yield, grain 
quality (oil content) and crop growth (lodging and harvest index).

The trial was conducted on a self-mulching medium clay soil with 
barley as the previous crop. Fourteen varieties (Table 1) were 
sown at two sowing dates: 3 April (sowing time 1) and 27 April 
(sowing time 2).

The trial site was pre-watered in autumn (2.0 ML/ha) and 
received two spring irrigations (0.9 ML/ha; 0.9 ML/ha). The total 
water applied from irrigation was 3.8 ML/ha and the site received 
208 mm (2.1 ML/ha) of winter rainfall and 51 mm (0.5 ML/ha) of 
spring rainfall.

The total nitrogen budget was 318 kg N/ha. The starting soil 
nitrogen level was 68 kg N/ha, 100 kg N/ha was applied pre-

Table 1. Varieties evaluated in the irrigated canola trial (Leeton 2015)

Varieties evaluated in the irrigated canola trial

Pioneer 44Y84 (CL) Hyola® 559TT

Pioneer 45Y88 (CL) Hyola® 750TT

ATR Bonito Hyola® 575CL

Diamond Hyola® 577CL

AV Garnet Hyola® 600RR

ATR Gem GT-50

Hyola® 50 Victory® V3002
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Figure 1. Grain yield and oil content of canola varieties, Leeton 2015

Grain yield

I.s.d. (<0.05) = 0.313 t/ha I.s.d. (<0.05) = 1.116%

Grain oil content

sowing, 100 kg N/ha was topdressed and approximately 
50 kg N/ha was mineralised during crop growth.

The ‘sowing time 1’ treatment was harvested on 13 November 
2015 and the ‘sowing time 2’ treatment was harvested on 16 
November 2015.

Crop performance

Grain yield
There was a significant difference between the yields of varieties 
evaluated with a 1.55 t/ha gap between the highest and lowest. 
Diamond (4.59 t/ha) yielded significantly higher than all other 
varieties and 34% higher than the lowest yielding variety 44Y84 
(CL) (3.04 t/ha). The next five varieties (Hyola 50, GT-50, 
45Y88 (CL), AV Garnet, Hyola 575CL) did not yield significantly 
differently from each other. Results for grain yield are shown in 
Figure 1 and Table 2.

Oil content
The varieties produced significantly different oil contents however 
there was no correlation between oil content and grain yield 
(Figure 1). Hyola 575CL had the highest oil content (45.53%) and 
was the ninth highest grain yield followed by Hyola 50 (45.46%), 
which yielded second highest and Hyola 559TT (45.24%) which 
yielded eighth highest. Results for oil content are presented in 
Figure 1 and Table 2.

Harvest index
Harvest index ranged from 0.20 for 44Y84 (CL) to 0.30 for ATR 
Bonito (Table 2). There was no correlation between harvest 
index and grain yield.

Lodging
There was a significant difference in lodging between the varieties 
evaluated but this did not have an overall correlation with grain 
yield. The variety 45Y88 (CL) had the lowest lodging score (0.1) 
followed by Hyola 577CL (0.2) and Hyola 575CL (0.3). The yield 
rankings of these varieties were 4, 8 and 6 respectively. The 
varieties 44Y84 (CL) and Hyola 750TT had the highest lodging 
scores of 3.7 and 2.8, respectively, and the lowest yields of 3.4 
t/ha and 3.33 t/ha, respectively. It was observed at harvest that 
lodging probably affected yield in these two varieties. Results for 
lodging are presented in Table 2.

Plant population
The target population treatments were:

MM low density – 25 plants/m2

MM high density – 50 plants/m2.

Plant population did not affect grain yield or oil content. High 
plant density resulted in a higher lodging score (2.0) than low 
plant density (0.8) but both lodging scores were relatively low. 
There was a significant difference between varieties and plant 
populations on lodging and harvest index (Table 3).
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Table 2. Grain yield, oil content and crop growth measurements and ranking (1–5), for canola varieties, Leeton 2015

Variety Grain yield (t/ha) Oil content (%) Harvest index Lodging score*

44Y84 (CL) 3.04 43.14 0.20 3.7

Hyola 750TT 3.33 42.97 0.23 2.8

Victory V3002 3.38 44.01 0.24 1.5

ATR Bonito 3.62 44.82 0.30 1 2.3

Hyola 600RR 3.65 44.91 0.21 1.6

ATR Gem 3.72 43.62 0.29 2 0.8 5

Hyola 577CL 3.74 45.06 4 0.23 0.2 2

Hyola 559TT 3.85 45.24 3 0.28 4 1.6

Hyola 575CL 3.93 45.53 1 0.24 0.3 3

AV Garnet 4.00 5 44.28 0.26 1.5

45Y88 (CL) 4.00 4 43.05 0.26 0.1 1

GT-50 4.14 3 44.55 0.27 5 1.4

Hyola 50 4.24 2 45.46 2 0.26 0.5 4

Diamond 4.59 1 44.93 5 0.29 2 1.7

Trial mean 3.80 44.40 0.25 1.42

l.s.d.(<0.05) 0.31 1.12 0.01 0.81

* Lodging score: 0=no lodging; 9=completely lodged

i r r i g a t e d  c a n o l a

Table 3. The effect of the interaction between plant density and variety on lodging score and harvest index, Leeton 2015

Variety
Lodging score* Harvest index

Low plant density High plant density Low plant density High plant density

44Y84 (CL) 2.9 4.5 0.21 0.20

45Y88 (CL) 0.2 0.0 0.26 0.25

ATR Bonito 1.1 3.4 0.31 0.28

Diamond 0.8 2.6 0.30 0.29

AV Garnet 0.7 2.2 0.27 0.26

ATR Gem 0.5 1.2 0.30 0.27

GT-50 1.1 1.7 0.28 0.27

Hyola 50 0.1 0.9 0.25 0.27

Hyola 575CL 0.1 0.5 0.23 0.25

Hyola 600RR 0.7 2.4 0.21 0.21

Hyola 750TT 0.6 5.0 0.25 0.21

Hyola 559TT 1.5 1.7 0.28 0.28

Hyola 577CL 0.3 0.2 0.23 0.22

Victory V3002 1.4 1.5 0.24 0.24

Trial mean 0.8 2.0 0.26 0.25

l.s.d.(<0.05) 1.1 0.02

* Lodging score: 0=no lodging; 9=completely lodged
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i r r i g a t e d  c a n o l a

Table 4. The effect of the variety and time of sowing (TOS) interaction on grain yield and crop growth, Leeton 2015

Variety
Grain yield (t/ha) Lodging score* Harvest index

TOS 1 TOS 2 TOS 1 TOS 2 TOS 1 TOS 2

44Y84 (CL) 2.94 3.14 2.9 4.5 0.20 0.20

45Y88 (CL) 3.92 4.07 0.2 0.0 0.25 0.27

ATR Bonito 3.68 3.56 1.6 2.9 0.28 0.31

Diamond 4.67 4.51 1.2 2.2 0.29 0.30

AV Garnet 4.05 3.87 1.6 1.3 0.26 0.27

ATR Gem 4.00 3.43 0.9 0.8 0.28 0.30

GT-50 4.04 4.23 1.8 1.1 0.27 0.28

Hyola 50 4.11 4.38 0.7 0.2 0.26 0.26

Hyola 575 CL 4.23 3.62 0.3 0.3 0.26 0.23

Hyola 600RR 3.42 3.87 1.9 1.2 0.19 0.23

Hyola 750TT 3.31 3.35 1.8 3.9 0.23 0.24

Hyola 559TT 3.68 4.02 1.7 1.6 0.28 0.29

Hyola 577CL 4.01 3.46 0.6 0.0 0.24 0.22

Victory V3002 3.23 3.54 1.8 1.1 0.22 0.25

Trial mean 3.81 3.79 1.35 1.5 0.25 0.26

l.s.d.(<0.05) 0.45 1.23 0.02

* Lodging score: 0=no lodging; 9=completely lodged

Irrigated canola trial at Leeton (2015) showed a distinct difference in crop growth as a result of sowing time. The treatment on the right was ‘sowing time 1’ (3 April); 
and on the left, ‘sowing time 2’ (27 April).
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Time of sowing
The two sowing dates evaluated were:

MM sowing time 1 – 3 April 2015

MM sowing time 2 – 27 April 2015.

Time of sowing, when averaged over all other treatments, did 
not affect grain yield, grain quality or crop growth. However, the 
varieties differed significantly in their response to time of sowing 
(variety x time of sowing interaction) on grain yield, lodging score 
and harvest index (Table 4).

Of the 14 varieties evaluated, eight yielded higher in ‘time of 
sowing 1’ and six in ‘time of sowing 2’. The general trend was 
that the longer maturing varieties had a higher grain yield in ‘time 
of sowing 1’ and the shorter maturing varieties had a higher grain 
yield in t‘time of sowing 2’.

Despite having no overall effect, only four varieties had a higher 
lodging score at the later time of sowing (44Y84 (CL), ATR Bonito, 
Diamond and Hyola 750TT) and only two varieties had a higher 
harvest index at the early time of sowing (Hyola 575CL and 
Hyola 577CL).

Conclusion
This trial demonstrated that excellent irrigated canola yields can 
be achieved if the correct varieties are selected and best practice 
agronomic management applied. Five of the 14 varieties evaluated 
yielded over 4.0 t/ha and nine yielded over 3.5 t/ha. The overall 
trial mean was 3.8 t/ha.

Plant population did not affect grain yield. However, the higher 
plant population resulted in increased lodging overall and a lower 
harvest index for most varieties (11 of the 14 varieties).

Time of sowing did not affect average grain yield, grain quality 
or crop growth but there were varietal differences. There was 
a trend with longer maturing varieties achieving higher yields in 
‘time of sowing 1’ and quicker maturing varieties achieving higher 
yields in ‘time of sowing 2’. Also, most varieties had a higher 
lodging score in ‘time of sowing 1’ (11 of 14 varieties) and a higher 
harvest index in ‘time of sowing 2’ (12 of 14 varieties).

The third and final year of trials will be conducted in 2016.
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QUICK TAKE

M› In the 2015 season, two spring irrigations produced 

the highest wheat grain yield (7.61 t/ha), but one spring 

irrigation provided the highest water productivity (1.7 t/

ML) and gross margin ($1050/ha).

M› Every year is different and requires considerable flexibility 

to provide the optimum number of irrigations to a wheat 

crop to maximise profitability.

M› If planning to limit the number of spring irrigations to a 

wheat crop, it is important to find a balance between 

irrigating before significant moisture stress to the wheat 

plants occurs, while also ensuring adequate moisture is 

available during flowering.

M› Extended periods of ponding induce waterlogging, 

increase water use and reduce water productivity. A good 

layout with quick supply and drainage is very important to 

reduce the period of ponding during irrigation.

WHEAT — HOW MANY 
SPRING IRRIGATIONS?
Brian Dunn, Tina Dunn, Craig Hodges & 
Chris Dawe
NSW Department of Primary Industries, Yanco

One of the more difficult decisions growers have to make 
is deciding where to use their irrigation water to get the 
best returns. Growers often face the dilemma of having an 
established winter cereal crop in the ground and not knowing 
whether to give it one or more spring irrigations or to save 
the water for use on a summer crop.

In 2015, an experiment was conducted at the NSW DPI Leeton 
Field Station to investigate the irrigation water requirements of a 
wheat crop and the effect that various levels of irrigation intensity 
and waterlogging have on grain yield and quality, water use and 
profitability.

This research is part of the Southern irrigated cereal and canola 
varieties achieving target yields (DAN00198) project which is co-
funded by GRDC and NSW Department of Primary Industries.

The wheat varieties, Corack and Suntop, were direct drilled 
(85 kg/ha seed with 175 kg/ha DAP) into dry uncultivated self-
mulching heavy clay soil, following a canola crop in the previous 
season. 

The field had an intensive cropping history with two consecutive 
rice crops and a wheat crop grown prior to the canola, for which 
the stubble was slashed and burned.

A full list of cultural practices, the timing of practices and other 
details of the wheat crop is provided in Table 1.

Irrigation & nitrogen treatments
Four irrigation treatments were established:

MM zero irrigation

MM one spring irrigation: five hours ponding before draining

MM two spring irrigations: five hours ponding before draining

MM waterlogged: two spring irrigations with water ponded for 48 
hours before draining.

There were four replications of each treatment and each treatment 
was in a separate bay to allow the accurate measurement of 
water use. The timing of the irrigations was determined using a 

Table 1. Cultural practices timing and details for the wheat trial

Practice Details

Field preparation

Sowing

Estab rain/irrig

Variety and rate

Sowing fertiliser

Establishment

Herbicides

Topdressed nitrogen

Irrigation dates

Spring rain

Canola stubble burnt – no cultivation

18 May - disc drill with 18 cm row spacing

19 May 8 mm rain, 2 June 11 mm sprinkle 
irrigate

Corack and Suntop wheat @ 85 kg/ha

DAP @ 175 kg/ha sown with seed

Corack, 89 and Suntop, 110 plants/m2

Axial® @ 300 mL/ha, Precept® @ 1 L/ha

21 July – prior to 10 mm rain

1 irrigation treatment – 2 Oct

2 irrigations treatment – 29 Sept, 14 Oct

64 mm between 31 Oct & 6 Nov
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combination of evapotranspiration data, crop factors and rainfall, 
while keeping in mind the necessity for wheat to have adequate 
available soil moisture during flowering.

The experiment experienced a relatively wet winter (200 mm 
of rain) resulting in a saturated soil profile in late winter, so it was 
decided to create a waterlogging treatment to better utilise the four 
irrigation treatments. The irrigation timings for the waterlogged 
treatment were the same as the two irrigations treatment, but 
the water was held on the bays for 48 hours before draining, to 
simulate a layout with poor drainage.

Each irrigation treatment was topdressed with urea at rates of 0, 
130, 260 and 390 kg/ha urea. The urea was spread onto the soil 
surface when the wheat was at the beginning of stem elongation 
(Z30) and prior to 10 mm of rain (Table 1).

Grain yield
The highest grain yield achieved in the experiment was 8.4 t/ha, 
which was for Corack with two irrigations and 130 kg/ha of 
topdressed urea.

The two irrigations treatment produced the highest grain yields 
when averaged across variety and nitrogen, with 7.6 t/ha, 
followed by the waterlogged treatment with 7.3 t/ha, the one 
irrigation treatment with 6.8 t/ha, and the lowest yield of 4.9 t/ha 
was obtained with the zero irrigation treatment.

Table 2. Wheat grain yield, water use and productivity, grain quality results and wheat grade achieved (average of varieties)

Treatment Topdressed 
nitrogen

(kg urea/ha)

Grain yield
(t/ha)

Water use 
(rain+irrig.)

(ML/ha)

Water 
productivity

(t/ML)

Grain protein
(%)

Test weight
(kg/hL)

Screenings
< 2 mm*

(%)

Wheat grade

Zero irrigation 0
130
260
390

5.8
5.1
4.5
4.4

3.1 1.9
1.6
1.5
1.4

9.7
12.9
14.3
15.1

82
78
76
76

7.9
11.4
15.9
17.5

AGP1
HPS1
HPS1
HPS1

1 irrigation 0
130
260
390

6.9
7.2
6.8
6.6

4.1 1.7
1.7
1.6
1.6

9.6
11.5
12.5
12.9

82
81
79
78

6.1
6.8
7.5
8.1

AGP1
AUH2
AUH2
AUH2

2 irrigations 0
130
260
390

7.2
7.9
7.7
7.5

4.9 1.5
1.6
1.6
1.5

9.6
11.2
12.0
12.4

81
80
80
78

6.0
6.4
6.5
6.8

AGP1
AGP1
AUH2
AUH2

2 irrigations 
waterlogged

0
130
260
390

7.2
7.6
7.3
7.1

6.1 1.2
1.3
1.2
1.2

10.2
11.4
12.1
12.4

79
79
78
77

6.2
6.1
6.8
7.7

AGP1
AGP1
AUH2
AUH2

lsd (P<0.05) 0.37 0.2 0.10 0.46 2.6 1.6

* Screenings may be higher than expected due to harvesting with a plot harvester compared to a commercial harvester but the trend is consistent 
with previous results.

s p r i n g  i r r i g a t i o n  o f  w h e a t

Aerial photo of wheat irrigation frequency experiment at Leeton Field Station, 
taken on 1 November 2015

The one irrigation treatment received its irrigation at flowering
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with the other treatments, which received irrigations during the 
dry period.

Despite the extended period of ponding, the waterlogged 
treatment achieved a high grain yield, which can be attributed 
to the very good soil structure and internal drainage at the 
experimental site. On a less well-structured or sodic soil it is likely 
that a larger yield loss would have occurred.

Grain quality
Averaged across all treatments, Corack (12.0%) produced a 
significantly higher level of grain protein than Suntop (11.7%). The 
grain protein level of the zero irrigation treatment was significantly 
higher than the other three irrigation treatments (Figure 2) and 
increasing the rate of topdressed nitrogen led to increased grain 
protein levels in all irrigation treatments (Table 2).

Suntop had a significantly higher level of screenings than 
Corack, with 9.6 and 7.1% respectively, when averaged across 
all treatments. Screenings were highest for the zero irrigation 
treatment for both varieties (Figure 3) with no significant 
difference between the other irrigation treatments. The moisture 
stress experienced by the zero irrigation treatment resulted in an 
increase in the number of small grains, which also increased with 
increased rate of nitrogen applied (Table 2).

Screenings were higher than expected in this experiment, which 
may have been due in part to harvesting with a small plot header 
set to retain all grain, while commercial harvesters will often 
blow out small grain with the chaff. The higher level of screenings 
(mostly above 6%), were all above the 5% limit for the H1 and 
H2 wheat grades, which could have affected the gross margin 
analysis (Table 2).

The grain test weight averaged 79 kg/hL, with all treatments above 
the 76 kg/hL minimum limit, which is set for many wheat grades.

Water use & water productivity
The zero irrigation treatment received 3.1 ML/ha as rainfall during 
the crop growing period, with the one, two and waterlogged 
irrigation treatments using 4.1, 4.9 and 6.1 ML/ha, respectively, 
consisting of rainfall and irrigation water (Table 2). Increasing the 
period of ponding from five hours to 48 hours for the waterlogged 
treatment significantly increased water use. This period of ponding 
can often occur in commercial fields with flatter slopes and/or 
fields with slow water supply, poor drainage or both.

The one irrigation treatment had the highest water productivity 
with 1.7 t/ML followed by the zero and two irrigations treatments 
both with 1.6 t/ML and the waterlogged treatment with 1.2 t/
ML. Even though the grain yield of the waterlogged and two 
irrigations treatments were similar, the extra water use associated 
with waterlogging created a 25% reduction in water productivity 
of this treatment (Table 2).

Gross margin analysis
The one irrigation treatment returned the highest gross margin 
with $1050/ha, followed by the two irrigations, waterlogged and 
zero irrigation treatments with $1010/ha, $998/ha and $730/ha, 
respectively (Table 3). The zero rate of topdressed urea was used 
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Figure 1. Grain yield (t/ha) for irrigation by variety interaction, averaged across 
nitrogen treatments (lsd (P<0.05) = 0.40)
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Figure 2. Grain protein (%) for irrigation by variety interaction, averaged 
across nitrogen treatments (lsd (P<0.05) = 1.6)

Figure 3. Grain screenings < 2 mm (%) for irrigation by variety interaction, 
averaged across nitrogen treatments (lsd (P<0.05) = 1.6)

s p r i n g  i r r i g a t i o n  o f  w h e a t

Overall, Corack with 7.0 t/ha achieved a significantly higher grain 
yield than Suntop with 6.4 t/ha. There was no significant difference 
between varieties for grain yield in the zero and one irrigation 
treatments but Corack yielded significantly higher than Suntop in 
the two irrigations and waterlogged treatments (Figure 1).

Very little rainfall was received between 3 September and 31 
October and the zero irrigation treatment became very moisture 
stressed before 64 mm of rain was received at the end of 
October and early November. This stress was a major driver in 
the reduced grain yield of the zero irrigation treatment compared 
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in the gross margin analysis for the zero irrigation treatment and 
130 kg/ha of urea for all other treatments as they produced the 
highest grain yields.

The gross margin per megalitre was also highest for the one 
irrigation treatment, at $256/ML, followed by the zero irrigation, 
two irrigations and waterlogged treatments at $236/ML, $206/
ML and $164/ML, respectively (Table 3).

The gross margin analysis only considered the delivery cost of 
the irrigation water and does not take into account fixed water 
costs or the value of the allocation as a tradable item. If these 
items were included, the gross margin per megalitre would be 
considerably different between the different irrigation treatments.

So! How many spring irrigations?
Even though it was a wet winter and considerable rainfall was 
received during grain fill, the very dry period experienced in 
September and October caused a large reduction in grain yield 
and adversely affected the grain quality of the zero irrigation 
treatment. Mid-flowering for Corack occurred on 26 September 
and for Suntop on 3 October, which was in the middle of this 
dry period. The one irrigation treatment received an irrigation 
during this period, so moisture stress just started to occur when 
the rainfall arrived during grain fill.

In a wheat experiment conducted following rice at the same site in 
2013, the winter was drier and a large rainfall event occurred during 
flowering. In this experiment two spring irrigations provided the 
highest grain yield and gross margin. In a season with a dry winter 

Table 3. Gross margin analysis of the four irrigation treatments (average of varieties) using the topdressed nitrogen rate 
which achieved the highest grain yield for each treatment

Income Zero irrigation 1 irrigation 2 irrigations 2 irrigations/ 
waterlogged

Grain yield (t/ha) 5.8 7.2 7.9 7.9

Price ($/t) 216 238 216 216

Grade AGP1 AUH2 AGP1 AGP1

Total income ($/ha) (A) 1253 1714 1706 1714

Variable costs

Sowing + seed + treatment 82 82 82 82

Fertiliser, DAP + Urea 135 205 205 205

Herbicide + spraying 92 92 92 92

Contract harvest & cartage 172 212 231 231

Levies & insurance 41 57 56 56

Irrigation water (delivery charge) $16.40/ML 0 16 30 49

Total variable costs ($/ha) (B) 523 663 696 716

Gross margin ($/ha) (A-B) 730 1050 1010 998

Gross margin ($/ML) (rain + irrig.) 236 256 206 164

and spring, it would be expected that three spring irrigations 
may be required to maximise grain yield and gross margin. Every 
year is different, therefore growers need considerable flexibility 
to provide the optimum number of irrigations, which can’t be 
decided at sowing.

It is important that adequate soil moisture is available to a wheat 
crop during the flowering period. If planning to limit the number of 
spring irrigations to a wheat crop, it is important to find a balance 
between irrigating before significant moisture stress to the wheat 
plants occurs, while also ensuring adequate moisture is available 
during flowering. Irrigating before the soil becomes very dry uses 
less water and the crop has a higher yield potential if good spring 
rain does occur.

This research highlights the importance of irrigation management. 
The 25% reduction in water productivity due to poor irrigation 
management (i.e. 48 hour ponding) is a good example of the 
importance that good layouts and irrigation management play in 
maximising returns from the very valuable water resource.
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Further information
Brian Dunn
T: 02 6951 2621
E: brian.dunn@dpi.nsw.gov.au

s p r i n g  i r r i g a t i o n  o f  w h e a t



IREC Farmers’ Newsletter – Large Area No. 194: Autumn 201622

QUICK TAKE

M› A farmer survey at Finley in 2014 showed that there was 

not enough water, suitable layouts and soil types, and 

rotations and labour, for all paddocks to be targeted for 

high-yielding systems.

M› In seasons of low allocations, farmers use several irrigation 

systems.

M› Lower-yielding systems with lower water use and fewer 

inputs may have better water use efficiency and gross 

margin/ML than higher-yielding systems with higher 

water use.

M› It is important that best management packages be 

developed for lower-yielding varieties and systems, as 

well as for higher-yielding varieties and systems.

IRRIGATED WINTER 
CROP RESULTS 2015
John Lacy
Agricultural Consultant, Finley

In low allocation seasons like 2014–15 and 2015–16, the 
availability and price of market water becomes important as 
farmers make decisions on whether they could make a profit 
from buying water to maintain their cropping programs.

Allocations vary between high and low each season, so different 
decisions are made each year on how to use water allocation, and 
these will depend on cropping enterprises, crop rotations and the 
requirements of the bank.

For over a decade, there has been great deal of research and 
extension on high-yielding irrigated wheat. Extension documents 
such as Growing eight tonnes a hectare of irrigated wheat in southern 
NSW (Primefact 197 by Lacy and Giblin, produced in 2006) have 
been widely used in eastern Australia as a template for targeting 
wheat yields of 8 t/ha.

However, the catch with high-yielding cropping systems is that 
more irrigation water is needed. In most seasons there is simply 
not enough water for targeting eight tonnes of wheat or four 
tonnes of canola in every paddock; and in addition there are 
layout, labour and rotation considerations. Farmers also have to 
consider the water requirements for mainstream summer crops 
such as rice, corn and cotton.

WUE x irrigation system
Farmer records of irrigated wheat and canola crops for the Finley 
Discussion Groups are usually classified in order of highest to 
lowest, based on yield and water use efficiency (WUE). While 
these results have been very useful, in 2014 and again in 2015, 
it was decided to separate the records and results into irrigation 
systems.

Wheat
There were seven types of irrigated wheat systems in use by 
group members in 2015. The systems were:

MM spray irrigation

MM flood with water use >2.0 ML/ha (spring irrigation)

MM flood with water use 1.5–2.0 ML/ha (2 spring irrigations)

MM flood with water use <1.5 ML/ha (1 spring irrigation)

MM flood pre-irrigation plus spring irrigation

MM grazing and grain

MM no irrigation water use.

The 2015 results are presented in Table 1. Where there are 
considerable differences to the previous year, the 2014 results are 
shown in brackets. The lower 2015 water allocations compared 
with allocations in 2014 is reflected in fewer ‘>2 ML spring’ and 
‘pre-irrigation and spring’ irrigated crops and more ‘<1.5 ML 
spring’ irrigated crops.

In a reverse to 2014, the ‘spray’ system had a higher water use 
efficiency (WUE) of 1.9 t/ML than the comparable flood ‘>2 ML 
spring’ irrigation system of 1.3t/ha. The WUE is based on the 
irrigation yield response above the dryland yield of 3 t/ha. (Finley 
discussion groups also benchmark dryland crops). Surprisingly, the 
1.5–2.0 ML/ha system at 1.4 t/ML, which had the highest WUE 
in 2014 (1.9 t/ML) was slightly lower than the <1.5 ML system 
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(1.6 t/ML). This is thought to be related to greater biomass which 
was more sensitive to the October heat.

When irrigation water is short the aim is to grow as many kg/mm 
or tonnes/ML as possible, rather than maximise t/ha.

Canola
There were four types of irrigated canola systems in use by group 
members in 2015. The systems were:

MM spray irrigation

MM flood with water use >1.0 ML/ha (spring irrigation)

MM flood pre-irrigation plus spring irrigation

MM no irrigation water use.

The 2015 results are presented in Table 2. Where there are 
considerable differences to the previous year, the 2014 results are 
shown in brackets.

With very low allocations, farmers had to make decisions between 
winter crops. They hoped canola with earlier maturity would get 
through without an irrigation. This explains the low number of 
irrigated crops. There were no crops using the ‘<1 ML spring’ 
system and no irrigated grazing crops.

As observed with the wheat results, the ‘spray’ irrigation system 
had the highest water use (WUE) efficiency with 1.1 t/ML and 
was higher than the comparable flood ‘>1 ML spring’ system with 
WUE of 0.8 t/ML. In 2014 the ‘<1.0 ML’ system had the highest 
WUE with 0.6 t/ML.

Relative yield targets for canola were lower than wheat as it has 
been harder to grow 3.5–4.0 t/ha of canola than it has 8.0 t/
ha wheat. Accordingly, farmers reduce the risk associated with 
growing canola by using less inputs and spring irrigation water.

What have we learnt?
MM Farmers used a range of irrigated cropping systems in the low 

allocation season.

MM There was not enough water, suitable layouts and soil types, 
and rotations and labour to allow all paddocks to be targeted 
for high-yielding systems.

MM High-yielding systems may not have the highest WUE or gross 
margins/ML, as was observed in 2014. In 2015, the high-
yielding spray system had the highest WUE.

MM It is important to continue benchmarking to enable evaluation 
of the highest WUE (t/ML) and gross margin/ML systems, 
taking into account low, moderate and high allocation seasons.

MM It is also important to develop better best management 
packages for the other systems, particularly if these systems 
have higher WUE than the high-yielding systems.

Further information
John Lacy
T: 0427 311 821
E: johnmarglace@hotmail.com

Survey results from the Finley Discussion Groups show that irrigators make 
different decisions each year on how to use varying water allocations, 
depending on cropping enterprises, crop rotations and the requirements of 
the bank.

Table 1. Results of different irrigated wheat systems in 2015 (2014), as 
recorded by farmers in the Finley Discussion Groups

System No. crops Yield
t/ha

Irrigation
water use

ML/ha

WUE
t/ML

Spray 7 (8) 6.6 1.9 (2.1) 1.9 (1.4)

Flood >2 ML 
spring 5 (13) 6.1 (6.4) 2.4 (2.8) 1.3 (1.2)

Flood 1.5–2 ML 
spring 8 5.4 (6.2) 1.7 (1.6) 1.4 (1.9)

Flood <1.5 ML 
spring 16 (12) 4.8 (4.2) 1.1 (1) 1.6 (1.0)

Flood pre-irr/spring 6 (12) 5.9 (4.9) 2.2 (2.4) 1.3 (0.7)

Grazing 2 (5) 4.7 (4.3) 3.1 (2.4) 0.5 (0.6)

No irrigation 8 3.0 (2.9) 0 –

Table 2. Results of different irrigated canola systems in 2015 (2014), as 
recorded by farmers in the Finley Discussion Groups

Irrigation system No.
crops

Yield 
(t/ha)

Irrigation 
water use 
(ML/ha)

WUE
(t/ML)

Spray 4 (6) 2.7 (2.9) 1.1 (2.1) 1.1 (0.5)

Flood >1 ML spring 4 (10) 2.5 (2.4) 1.3 (1.1) 0.8 (0.5)

Flood <1.0 ML 
spring 0 (10) – – (0.6)

Flood pre-irr/spring 3 (5) 2.3 1.2 (1.5) 0.7 (0.3)

No irrigation 10 (3) 1.7 (2.2) 0 –

m a t c h i n g  t a r g e t s  t o  w a t e r
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M.I.A. Rural Services
are proud to announce that they are now... AGnVET Services

Coleambally 
Griffith 
Hay 

Bencubbin Avenue
26-28 Banna Avenue 
cnr Lachlan Street & 
Showground Road

02 6954 4152
02 6964 2999
02 6993 3299

An independant, family owned agribusiness, AGnVET have been the trusted name in Agriculture 
for crop protection, agronomic services and animal health supplies for more than 100 years.

For the best local service, right advice 
and quality products, the next generation is . . .

Jerilderie 
Leeton 

19 Southey Street
13-15 Brady Way   

03 5886 1609
02 6953 3803
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FIELD STATION UPDATE
Iva Quarisa
Executive Officer IREC

Over the past 12 months, the IREC Field Station has 
undergone a massive transformation.

The field station site is made up of 45 hectares of land at Whitton, 
and is part of Crown land known as the Whitton Common.

During the winter of 2014, 35 ha of the land, previously laid out 
to siphon irrigation, was laser levelled and turned into a state of 
the art, fully-automated, beds in a bankless channel layout, with 
rollover banks.

The 35 hectares was split into six bays, three each side of the 
main roadway that runs north–south. On each side of the main 
roadway is a main bankless channel, which is 500 millimetres 
below paddock level. At the north and south ends of each bay, 
the main bankless channel feeds into smaller bankless channels 
that are 300 mm below paddock level. These shallower channels 
feed each of the furrows in the bays.

Each bay has an automated water control structure that is radio 
linked and open and closes when the water reaches a specific 
level. More details about the irrigation system and the automation 
system are presented in the article Irrigation Automation Tour by 
Janelle Montgomery on page 26 in this edition of the Farmers’ 
Newsletter.

The redevelopment work was completed in time to plant cotton 
for the 2015–16 season. It also enabled a number of research 
projects to be undertaken at the site.

Research at the field station
Deakin University researcher, Dr Wendy Quayle, is in the 
first year of the CRDC-funded Optimising the management of 
manures in southern NSW cotton production project. This project 
is investigating the benefits of using animal manure in cotton 
production systems.

This is a replicated trial, where plots are treated with different 
rates of poultry manure (supplied by Pace Farms). The poultry 
manure is used in combination with basal anhydrous ammonia, 
and there are control treatments with anhydrous ammonia only 
and no anhydrous ammonia and manure at all. This enables the 
comparison of a non-manure fertiliser programme with the effect 
manure application on crop production.

In addition to documenting crop development, plant nutrient 
and water uptake, and yield results, the changes that manure can 
make to soil nutrient supply over time are also being monitored.

The project is assessing plant–soil nitrogen management, as well 
as focusing on the use of the manure to supply other essential 

elements for high-yielding cotton, such as phosphorus, potassium 
and particularly, zinc.

The IREC Field Station is also one of three demonstrations sites 
for the Maximising on-farm irrigation profitability project, which 
is a component of a joint Rural Research and Development 
Corporation project titled Smarter irrigation for profit.

The overall objective of the project is to develop sustainable 
broadacre irrigation systems that increase the profitability and 
flexibility of farming systems in the southern Murray–Darling 
Basin. This project sees researchers from Deakin University 
and NSW DPI working together across the southern irrigation 
regions. Be sure to read the article on this project in this edition of 
the Farmers’ Newsletter (page 30).

The plan is for both projects to continue at the field station for the 
2016–17 and 2017–18 seasons.

Industry support
The transformation of the IREC Field Station was made possible 
by significant contributions from Riverina Local Land Services, 
Cotton Research and Development Corporation, Cotton Seed 
Distributors, with support from Rubicon and Padman Stops. 
Without this support the renovation of the IREC Field Station 
would never have occurred.

Further information
Iva Quarisa
T: 02 6960 1550
E: iva@irec.org.au

Cotton growing at the IREC Field Station at Whitton, with automated water 
management. The main bankless channel runs through the centre of the 
picture, with shallower feeder channels running off to the right.
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QUICK TAKE

M› Automated surface irrigation systems in northern Victoria 

and southern NSW were the focus of a tour for cotton 

growers, consultants and researchers in December 2015.

M› The growers had the opportunity to look at seven 

different automated irrigation systems and learn about 

equipment used and practical aspects of its operation.

M› The hosts explained that the benefits of automation and 

redevelopment were greater water use efficiency, better 

management of time and labour, better crop growth and 

yields, and more sleep!

M› While cost was seen as the greatest barrier to irrigation 

redevelopment and automation, a number of irrigators 

on the tour indicated that they would conduct a small 

trial of automation systems before moving to a larger 

development, as adoption could be carried out over a 

number of stages.

IRRIGATION AUTOMATION 
TOUR
Janelle Montgomery
Water Use Efficiency Technical Specialist, CottonInfo/NSW DPI

Automated surface irrigation systems can deliver improved 
efficiencies in both labour and water use. The precise 
control of water flows and levels can also result in improved 
production and reduced costs, and therefore improve 
profitability.

Forty irrigators, consultants and researchers from all cotton-
growing regions of New South Wales and Queensland 
participated in the 2015 CottonInfo Irrigation Automation Tour. 
The tour visited the manufacturing facilities of Rubicon Water 
and Padman Stops in northern Victoria and seven farms in the 
southern irrigation areas. 

The tour gave participants the opportunity to hear directly 
from farmers who have already installed automation equipment 
on their farms and a chance to see a mix of irrigation layouts, 
enterprises and automation technology. It not only generated 
significant interest in investigating ways to automate surface 
irrigation systems in the Australian cotton industry, but also 
provided networking opportunities for irrigators and consultants 
located right across the industry.

As we all know, there is nothing like looking over the fence and 
having the chance to talk with irrigators from other industries, 
including dairy, rice, prime lamb and cotton, to learn more and 
reap rewards.

Automation essential for fast flow watering

Russell Pell, Wyuna, Vic
Russell Pell and his family run an 800-hectare dairy farm where 
they irrigate maize, lucerne, millet and pasture in a “fast-watering” 
border check irrigation system. Bay size is around two hectares 
with in-channel BayDrive™ actuators to manage water through 
the farm channel system and BayDrive actuators to deliver water 
onto the field.

With high-flow gates, the Pells can apply water at 25 ML/day, 
2½ times the previous rate. Irrigation duration has reduced from 
around six hours per bay to around 1.5–2.0 hours. With 49 bays 
to irrigate and eight control checks, automation is essential.

Using FarmConnect® software, gates open and close automatically 
to schedule, which is a big improvement for Russell from having 
to open and close gates manually through the day and night. 
The software sends regular status updates and if there are any 
problems, the system will send a text message to Russell’s phone.

The other benefits of fast flow watering and automation are 
reduced water loss through deep drainage (infiltration below the 
root zone) and runoff.

Russell said that his automated irrigation system has resulted in 
decreased waterlogging, making crops stronger and increasing 
yields.

“My maize production has gone from an average 16 t/ha before 
installing this system, to 26–27 t/ha.”

www.rubiconwater.com/catalogue/russell-pell-farmconnect-
case-study
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Technology assists irrigation management

Mackenzie Craig, Nathalia, Vic
Mackenzie Craig and his family run an 800-hectare mixed grain 
and prime lamb enterprise, with 200 hectares developed for 
irrigation. In 2011, the Craig family commenced upgrading 130 
hectares of the border check layout with Padman bay outlets 
(Flat Stop) with erosion wings and automated water control using 
Rubicon FarmConnect technology. Being a city boy, Mackenzie 
said he didn’t have practical experience to rely on, so he needed 
technology to overcome that shortfall. He loves technology 
and is very comfortable using it, including soil moisture sensors 
that indicate optimal time to irrigate, and remotely-controlled 
automated field devices that precisely manage water application.

A smart meter connected to their farm turnout, enables the 
Craigs to accurately calculate the volume of water applied by 
providing real-time flow information. Cloud-based FarmConnect 
software enables the system to be managed from the computer 
and smartphones.

Mackenzie said that automation in itself doesn’t save water; it is 
fast flow rates and scheduling that will save water but that is almost 
unmanageable to do manually.

www.rubiconwater.com/news/usa-latest-news/farmconnect-
customer-wins-top-water-award-usa

Automation means more time

Ray Thornton, Yalca, Vic
The Thorntons farm 240 hectares, irrigating maize, winter cereals, 
canola and faba beans with a pipes through the bank irrigation 
system. Bay size is two hectares (50 m x 400 m) with water 
delivered via Rubicon Bay DriveTM actuators that automatically 
open and close the gates of the outlet. Each gate is connected 
to a farm radio network, which can be remotely monitored and 
controlled.

Ray can apply up to 20 ML/day, but generally runs at 12 ML/day, 
resulting in a bay run time of 90 minutes, depending on conditions.

The fast flow automated irrigation system has resulted in lifestyle 
improvements and therefore extended Ray’s time on the farm. It 
has also improved his water management and he is getting higher 
yields with less water.

“Maize yields are now 12 t/ha using 6 ML/ha, whereas as with 
the old system we had lower yields and used 6.5–7.0 ML/ha,” 
Ray said.

w w w.r ub i conw ate r.com /c a t a logu e /r ay- thor n ton -
farmconnect-case-study

Improved efficiency & a good night’s sleep!

Rob Black, Coleambally, NSW
Rob Black’s farm has 1366 hectares developed for irrigation, with 
only 100 hectares of siphon irrigation country remaining, which 
he plans to convert to pipes through the bank. The pipes through 
the bank irrigation system consists of a Padman Stops PEXL (pipe 
end also known as a dropbox), 18 inch (450 millimetres) pipe 

Cotton growers inspect a Rubicon flume gate, where water is delivered onto 
the Pell farm in northern Victoria. Photo: Ruth Redfern

From left, Terry Ryan of Jondaryan, Russell Pell of Wyuna, Janelle Montgomery 
of CottonInfo, Moree, Eddie Redfern of Hay, MacKenzie Craig of Nathalia 
and Ben Watson of Wee Waa, visiting the Craig farm at Nathalia. Photo: 
Ruth Redfern

Rubicon BayDriveTM actuator, which is remotely-operated and designed to 
automatically open and close the gates of the outlet. Photo: Ruth Redfern

a u t o m a t e d  i r r i g a t i o n
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and bubbler combo. The drop box is fitted with a water tight 
rubber flap door, which is opened and closed with a winch and 
automated using a Padman Stops Portable Dual Timer.

It’s a fast flow system with a minimum capacity of 11 ML/day plus 
recycle water. Rob is putting on half as much water again with this 
new system (fast watering), compared to a 63 millimetres siphon 
system, and watering now takes seven hours, compared to 12 
hours with the siphons.

Previously, Rob had a problem: no sleep at night and all those 
siphons (no willing labourers at night!). He believed his productivity 
on the farm during the height of the season was abysmal because 
he was always chasing water. The solution was an automated 
system, with portable gate openers and timers.

Rob is continuously refining the system to achieve better results, 
for example narrowing his bays to provide greater control and 
effectiveness of watering.

“It’s the way to go: getting full efficiency is very important, as is 
being able to set a paddock up for 24 hours or longer,” said Rob.

www.padmanstops.com.au/rob-black-explaining-his-thru-
the-bank-setup-how-he-uses-our-automation

Increased labour efficiency

Ben Witham, Coleambally, NSW
Ben’s family runs an 1100-hectare property that has 580 hectares 
developed for irrigation. The pipes through the bank irrigation 
system is similar to Rob Black’s in that it consists of a Padman 
Stops PEXL, 450 millimetres pipe and bubbler combo. It has the 
watertight, rubber flap, winch-operated door, which is automated 
using a Padman Stops Portable Dual Timer. In Ben’s case each 
gate has a flow rate of 15 ML/day, watering 36–40 beds that are 
1.8 metres wide and a field that is 700 metres long.

“Changing from siphons to pipes through the bank has increased 
our labour efficiency,” said Ben.

Bankless development at regional site

IREC Field Station, Whitton, NSW
The IREC Field Station at Whitton, which is a regional trial site, 
has a 35-hectare irrigation layout, consisting of a ‘beds in bankless 
channel layout’ with rollover banks. There are six fields, which 
are divided into two separate water units, of three bays each. 
Automation includes Rubicon ultrasonic depth sensors and a 
BayDrive MaxiTM fitted to a Padman Stops PE900 pipe ends and 
maxi flow 1200 millimetres centre sections on rollover beds in 
bays.

An initial flow of 10–15 ML/day fills the first bay. When the drain 
is released into the second bay both the supply flow and drainage 
flows are combined so up to three times the initial supply flow is 
used to irrigate the larger second bay. High flow rates per hectare 
mean that water is on and off each field in less than eight hours 
per bay, and water moves quickly into the next bay. When the 
second bay is full, the main supply is turned off, and the drainage 
water irrigates the last bay with very little tailwater.

Cotton growers inspecting irrigation automation, which includes Rubicon Bay 
DriveTM outlet actuators that automatically open and close the gates onto 
each irrigation bay. Photo: Ruth Redfern

Rob Black demonstrates how to set-up the Padman Stops Portable Dual Timer 
on the drop box. Photo: Ruth Redfern

A ‘pipes through the bank’ irrigation development has solved the problem of 
finding labour to change siphons. Photo: Ruth Redfern

a u t o m a t e d  i r r i g a t i o n
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No tailwater, long runs & automation

Dallas & Peter Stott, Whitton, NSW
Dallas Stott and his father Peter have automated two different 
irrigation layouts in their farming business. With an interest in 
automation and electronics, Dallas and his brother-in-law Andrew 
have developed their own automation system to open and close 
the gates between bays.

The first site has traditional terraced bays, with beds in the bays. 
Water is pushed into the field via a bankless channel and once 
beds have subbed, gates into the next bay open automatically. 
Water drains back through the gate into the next bay. Bays are 
around 10 hectares with 440 metre run length and 136 x 1.8 
metre beds per bay. There is a 150 millimetre step between bays.

Dallas has some difficult soils and the bankless system enables him 
to successfully grow cotton in poorly subbing soils.

The second site known as Andersons Block, has 311 hectares 
of rollover beds in 25 hectare bays. Banks between bays are 
replaced with a low road with a shallow feed bankless channel 
on each side. There is a 150 millimetre step between the bays. 
High flow rates means the Stotts can get water on and off each 
field in 10 hours. When the second last bay is full the main supply 
is turned off and the drainage water irrigates the last bay with no 
further tailwater.

“My favourite design is the “Mike Naylor Roll-Over System”, as 
we call it. We have no tailwater to recycle and we have long 
machinery runs, which greatly improve our machinery efficiency,” 
Dallas said.

Increased knowledge & understanding
Comprehensive evaluation of the tour showed that all participants 
increased their knowledge and understanding of the automation 
equipment currently available and how it could be used on their 
farms. While all tour participants said they would like to adopt 

some kind of automation for their surface irrigation systems 
in the future, the greatest barrier to adoption is the cost of 
automation and redevelopment. A number of irrigators indicated 
that they would conduct a small trial before moving to a larger 
development, as adoption of automation systems can be carried 
out over a number of stages.

Acknowledgement
The 2015 Cotton Irrigation Automation Tour was conducted by CottonInfo 
with funding from NSW DPI Sustaining the Basin Irrigated Farm 
Modernisation, CRDC, the Australian Government’s Rural R&D for Profit 
programme (through the Smarter Irrigation for Profit project), Rubicon and 
Padman Stops.

Further information
Janelle Montgomery
T: 0428 640 990
E: janelle.montgomery@dpi.nsw.gov.au

a u t o m a t e d  i r r i g a t i o n

Irrigation Monitoring – soil moisture systems, 
water flow, water level & wastewater monitoring, 
Irrigation Agronomy Services

Irrigation automation & control – remote 
management of bore & river pumps, pressurised 
irrigation systems, water stops, livestock troughs, & 
surface irrigation systems.

CROPSOL 

79 Banna Ave, Griff ith NSW, 2680 
www.cropsol.com.au | (02) 6962 9407

From left, Dallas Stott of Whitton, Bill Williamson, NSW DPI Dubbo, Murray 
Watson of Wee Waa and Andrew Watson of Boggabri in front of a Padman 
stop, at the Stott property. Photo: Ruth Redfern
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QUICK TAKE

M› A new project for irrigators of the southern Murray–

Darling Basin will help develop sustainable broadacre 

irrigation systems that increase the profitability and 

flexibility of farming systems.

M› The interaction between nitrogen and water, for cotton 

and maize in surface irrigation systems, will be investigated 

at sites in the MIA and in the Goulburn Valley.

M› A site at Jerilderie will investigate the potential of short-

season rice varieties in continuous double-cropping 

systems, as well as how water management in the rice 

crop can affect soil chemical properties and crops grown 

in rotation.

M› The project will investigate the many facets of water 

management, in order to develop irrigation design criteria 

for basin irrigation systems.

MAXIMISING IRRIGATION 
PROFITABILITY
John Smith
Research Officer, NSW Department of Primary Industries, Yanco

Iva Quarisa
Executive Officer, IREC

Irrigators of the southern Murray–Darling Basin have a 
new opportunity to look closely at their irrigation systems, 
in order to increase the profitability and flexibility of their 
farming systems.

About 18 months ago, IREC ran a series of breakfast meetings 
across the Murrumbidgee region for irrigators to set research 
priorities. As a direct result of these and similar activities 
undertaken by the Irrigated Cropping Council (ICC) in northern 
Victoria and Southern Growers (SG) in the Murray region, the 
Maximising on-farm irrigation profitability project was developed 
by NSW Department of Primary Industries (NSW DPI), Deakin 
University, IREC, ICC and SG and funded through the federal 
government’s Rural R&D for Profit programme.

The overall objective of the project is to develop sustainable 
broadacre irrigation systems that increase the profitability and 
flexibility of farming systems in the southern Murray–Darling Basin. 
Within the connected systems of the southern Basin, irrigation 
farmers manage 4000 GL of the 6000 GL of entitlement for the 
region. Over the past few years, water available for irrigation in 
the region has been reduced by about 30%. This has placed 
much greater emphasis on ensuring irrigation farmers are able to 
optimise production with less water.

Keeping up with new irrigation design
Management of surface irrigation systems is developing very 
rapidly through automation, precision agriculture, end-user 
data management and slow release technologies for fertiliser 
application. These have potential to allow farmers to be able to 
apply water and nitrogen more accurately to meet crop demand, 
improving yield and reducing crop variability and loss of inputs. 
In particular, questions for farmers remain around what are the 
magnitude of increases in water and nitrogen efficiencies that 
can be achieved; and what risk is involved in these imporved 
efficiencies offsetting the investment that is required in automation 
and landforming ;and over what time frames.

Within the overall objective of the project, there are two main 
aims. The first is to assess the impact of varying surface irrigation 
management strategies (scheduling and frequency) on nitrogen 
use efficiency, water use efficiency and overall system profitability. 
The second is to develop irrigation design criteria that allow 
precise application of water in basin irrigation layouts, such as 
bankless channel systems.

The project is somewhat unique because the three grower 
groups have been involved in every step of the development of 
the project along with the R&D providers (NSW DPI and Deakin 
University). With the project now up and running, representatives 
of each group play an advisory role, ensuring the project meets 
its objective and aims. Led by NSW DPI, the project has 
established partnerships with Local Land Services (Murray and 
Murrumbidgee), Rice Extension and CottonInfo, along with the 
three grower groups, for the research and extension components.

Focusing on water & nitrogen
Water and nitrogen are key drivers of yield and profitability in 
irrigated farming systems. Further, water management is a critical 
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factor influencing the recovery of nitrogen fertiliser from a farming 
system. Given the level of nitrogen input of some irrigated farming 
systems, it is important to gain further understanding of this 
interaction.

The project has established cotton and maize trial sites with 
IREC at Whitton and Irrigated Cropping Council at Numurkah, 
respectively, to investigate the interaction between nitrogen and 
water, as well as other management interactions. Treatments 
will be irrigated with subsurface drip, bankless channel and fully 
automated border check irrigation systems.

At both sites, different irrigation schedules that apply the same 
amount of water over the season are being tested. Across the 
irrigation schedules will be a range of nitrogen rates and nitrogen 
application methods to see what strategy produces the best 
nitrogen recovery in the two crops.

A third site has been established at Rice Research Australia Pty 
Ltd near Jerilderie with Southern Growers, which is focusing 
on improving water productivity and profitability in the rice 
farming system. New short-season rice varieties and winter 
crop varieties will be grown, to determine if double cropping is 
a viable option. At the request of Southern Growers, the project 
is also investigating the role of beds in enabling double cropping 
to happen. The final, but critical component to this site, will be 
gaining further understanding of how water management in the 
rice crop can affect soil chemical properties, which can impact 
winter crop production within the system. The ultimate aim is to 
gain an understanding of how to improve production from the 
winter crop component of the rice farming system.

Developing irrigation design criteria
Currently, with the development of basin irrigation systems, such 
as bankless channel systems, there are no guiding design criteria 
in terms of ensuring suitable watering times can be met across 
the range of desired crop types for the farming system. With the 
aim of getting water on and off in 10 hours, the investigations will 
consider the impacts of flow rate, slope, surface roughness and 
delivery infrastructure.

Getting the results to growers
Information to fulfil the objective and aims of the project will be 
collected through a combination of field trials, demonstrations 
and farm surveys within the partnering grower groups.

Each of the three growers groups will be responsible for the 
delivery of results in their region with information being circulated 
through annual field days, email updates, newsletters and the use 
of various social media platforms.

The Maximising on-farm irrigation profitability project is supported 
by funding from the Australian Government Department of 
Agriculture and Water Resources as part of its Rural R&D for 
Profit Programme, the Cotton Research and Development 
Corporation and the Rural Industries Research and Development 
Corporation.

NSW DPI and Deakin University’s Centre for Rural and Regional 
Futures (CeRRF) are also significant funders of the project.

Further information
John Smith
T: 02 6951 2503
E: john.smith@dpi.nsw.gov.au

m a x i m i s i n g  p r o f i t

Supporting farm business owners since 1981

Frustrated by the disconnect between your BAS (or P&L) and cash in the bank? We can help 

you understand the flow of cash through your business, and liaise with your banker.

Are you struggling with your business relationships or succession planning? We can help you 

understand hard-wired behaviour and how best to work with people in your business.

For more info visit
www.boothassociates.com.au
or give Michael a call. Level 1, 61-63 Yambil St Griffith

(02) 6964 9911

Booth Associates
Agribusiness and Environmental Solutions

Booth Associates

Regional grower groups were instrumental in the development of the ‘Max’ 
project, which is to be led by NSW DPI. Photo: Iva Quarisa
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QUICK TAKE

M› A Nuffield scholarship enabled Antony Vagg to see how 

rice growers around the world were managing rice 

stubble in ways other than burning, and making money 

from what is currently a ‘waste’ product.

M› Overseas rice growers were value adding and create 

additional revenue streams from rice straw by using 

it as fuel for biomass plants and biogas plants, making 

‘strawlage’ for stockfeed, supplying it for erosion control, 

composting and mulching, and transforming it into 

building products and high value raw materials.

M› Antony concludes that dealing with rice straw is a multi-

pronged attack, with solutions at the the farm level 

and the industry level. In terms of a ‘whole of industry’ 

approach, he believes that bioenergy solutions hold real 

potential.

VALUE ADDING & 
ALTERNATIVE USES FOR 
RICE STRAW
Anthony Vagg
2013 Nuffield Scholar and rice grower, Bunnaloo

The Australian rice industry produces some of the highest 
crop yields in the world. As a result, the by-product of this 
is a significant stubble load, which is difficult to manage. 
Additionally, the silica content of Australian rice straw is 
significantly higher than most around the world.

The current practices of burning stubble to allow a double 
cropping rotation are not likely to continue too much further 
into the foreseeable future due to environmental constraints and 
changes in environmental policy.

Few alternatives of stubble management are practised within the 
Australian rice industry, therefore a ban on stubble burning could 
severely jeopardise the viability of our industry.

Whilst we farmers want to make more money from our businesses, 
I believe the Australian rice industry has a real opportunity for 
greater emphasis on value adding.

Finding options better than burning
I believe the rice industry has a real problem with burning as a way 
to manage stubble, so I applied for and was successful in gaining a 
2013 Nuffield Farming Scholarship to investigate options to value-
add rice straw.

There were a few different reasons for this focus. First, we need 
to remove the straw after harvest to try and double-crop, so we 
need an economically viable way of removing it.

Second, I wanted to value-add the rice straw because in short, we 
don’t earn anything from it. We literally send it all up in flames and 
I wanted to look at some way we could perhaps generate some 
energy or do something else with it rather than put smoke up into 
the air. And of course there’s the environmental aspect too.

A Nuffield Scholarship consists of 16 weeks of study, taken over an 
18-month period. It includes a ‘Global Focus Program’, consisting 
of six weeks of group travel looking at the powerhouses of global 
agriculture, before we then drill down into our individual research 
for a further ten weeks.

I undertook an extensive individual travel program, visiting 
California, the United Kingdom, France, Egypt, Turkey, India and 
the International Rice Research Institute in the Philippines.

Stubble management overseas
Throughout the world, rice growers are addressing the problem 
of stubble load with methods that eliminate the stubble load, 
as well as value-add and create additional revenue streams 
from a ‘waste’ product. These methods include biomass plants, 
biogas plants, ‘strawlage’ as a stockfeed source, erosion control, 
composting, mulching for high value crops such as mushrooms, 
building products and high value raw materials. It was an amazing 
experience!

From UK power plants to innovation on the subcontinent, there 
was a number of key uses of straw that caught my eye. For 
example, I visited the Ely Power Station in Cambridge where they 
were processing 200,000 tonnes of cereal straw each year. Rice 
straw is a bit different to other straws, but it was good to see a 
commercial project that was actually running commercially.
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In Egypt I saw value-adding and extraction of high value 
products from rice straw, such as silica and other products for 
pharmaceutical benefits, that could then be sold on at a high price.

In India I met people who were willing to share their information 
and it was very interesting. The innovation and drive they’ve 
experienced from the Punjab Government in putting a ban on the 
burning of rice stubble has been outstanding. It’s amazing! 

The more I researched, the more I realised that farmers in other 
countries are facing exactly the same issues in rice production as 
we are. So it was really exciting to collaborate on issues such as 
value adding, government regulations, protocols and developing 
technology. It was great that the people were just so quick to 
share information.

Producer & industry benefits
When I came to write my report, it was clear there were two 
distinct ways to address the issue of rice straw management: 
solutions that have industry-wide benefits and solutions that 
benefit the individual primary producer on an opportunistic scale.

First, the Australian rice industry can capitalise on and benefit 
from international research, technology advancements and 
government policies. Given there have been no feasibility studies 
conducted in the last fifteen years in Australia, opportunities that 
can benefit the whole industry exist.

For a significant amount of these opportunities to become 
viable, there is a role for government to play in terms of project 
funding and consultation. The key difference noticed across the 
majority of places I visited is that an active government aiding 
research and development to find solutions generally results in 
significant progress; results became apparent after several years of 
government interaction with industry.

I also concluded from my study that the focus should be on 
developing bioenergy technology as it has really great potential 
for the whole industry in terms of both rice hulls and rice straw.

Second, in terms of the individual farmer, lateral thinking and smart 
business minds may uncover solutions to the problem. Solutions 
discovered by individuals may also need government support as 
described above.

There is also potential for niche markets that individual growers 
could look at such as revegetation after bushfires and mulching 
projects; and there’s new technology that might even enable rice 
straw to be used as a feed source.

As a result of my travels and writing up my report, I have come 
up with the following recommendations that could be undertaken 
by the rice industry:

1.  Consultation with renewable energy experts as to the 
adoption of technology into the rice industry with regard to 
biomass plants and awareness. Also lobby government to fund 
or offset works to progress this path.

2.  A cost benefit analysis of potential rice hull and rice straw 
biomass plants located at the rice mills at Deniliquin, 
Coleambally and Leeton.

3. Consultation with livestock industry about strawlage potential 
within the current systems that the livestock industry operates. 
Look at possible adaption to align their feed requirements with 
strawlage seasonal availability.

4.  Advise and consult to the rice industry, particularly concerning 
R&D findings, and to collate the research that has occurred 
over previous years.

5. Continue to build relationships with international researchers 
and advocates to ensure the technological gap, which exists 
with other countries, continues to diminish and adaptions to 
current overseas practices can be as seamless as possible.

6. Obtain consultancy for cost–benefit analysis to build a model 
biomass plant, both at an on-farm scale and at an industry level 
and determine what likely outputs can be achieved.

7.  Engage with fire departments, ski field operators, national 
parks and councils as to the potential of rice straw as a re-
vegetative aid potential.

Dealing with rice straw is a multi-pronged attack but I think in 
terms of the ‘whole of industry’ perspective, it’s the bioenergy 
solutions that might hold real potential.

Further information
Nuffield Australia Farming Scholarships
T: 03 5480 0755
E: enquiries@nuffield.com.au   
W: www.nuffield.com.au

r i c e  s t r a w

Antony Vagg, third from left, with fellow Nuffield scholars in China, on the 
‘Global Focus Program’ component of their Nuffield scholarships.

Nuffield Farming Scholarships
Nuffield Australia provides opportunities to Australian 
primary producers and managers, aged 28–40, to 
travel the globe investigating a research topic of personal 
interest, with importance to their industry and Australian 
agriculture.

Antony’s scholarship was supported by RIRDC and the 
Rice R&D Committee. You can watch Antony presenting 
his findings at the Nuffield Australia National Conference 
in Launceston here: vimeo.com/109115395 and follow 
him on Twitter: twitter.com/ajvagg
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QUICK TAKE

M› Alternative options for burning rice stubble include 

removing it from the paddock and using it for bioenergy, 

high-value chemicals, niche silica products, plastics and 

building materials, as well as organic soil amendments 

and mulches.

M› Transport of straw to a centralised bioenergy, bio-

refinery or processing facility is currently cost prohibitive 

unless high value adding is possible.

M› A cross-sectoral approach is required whereby a number 

of different industries, e.g. wine, paper cotton, may 

supply a bio-refinery type facility.

M› Domestic markets for garden mulch products offer high 

mark-ups that can overcome handling and transport costs. 

Rice straw offers advantages over other straw mulches as 

it is weed free and is attractive in gardens because it can 

be evenly spread.

ALTERNATIVE MANAGEMENT 
OF RICE STRAW
Wendy Quayle
Senior Research Fellow, Centre for Rural and Regional Futures
Deakin University, Griffith, NSW

Australian rice crops produce some of the highest grain 
yields in the world (approximately 10.5 t/ha) and typically, 
about 1.0–1.2 times the mass of grain yield is straw. In a 
good season with high irrigation water availability, over one 
million tonnes of rice straw may be produced in southern 
New South Wales.

The vast majority of rice growers currently remove straw 
immediately after harvest by burning, allowing time to get a winter 
wheat or canola crop sown and making use of subsoil moisture 
that remains from the preceding rice crop.

Generally however, burning is considered undesirable as a long-
term solution, as it is considered to not only cause loss of soil 
nutrients, carbon and possibly beneficial soil organisms but it 
also creates air pollution with possible risks to human health. It 
is possible that government regulations could be introduced to 
control burning if incidents of smoke affecting individuals or local 
communities are reported to the NSW EPA.

It is critical that growers do not lose the flexibility that burning 
offers in their farm management. Factsheets and a web-based, 
weather-related tool developed by the Bureau of Meteorology 
are available to assist growers to burn responsibly and identify 
the most suitable weather conditions for burning so that smoke is 
dispersed quickly and away from residential areas www.rga.org.
au/f.ashx/Stubble-factsheet.pdf.

Nevertheless, at times, even responsible burning can generate 
plumes of unsightly smoke and particulates in the atmosphere, 
and the negative effects of burning from both agronomic and 
environmental aspects continue to raise issues for rice growers, 
the industry and the community. Consequently, there is a need 
for the rice industry to explore alternative ways of managing rice 
straw that fit with farm operations, are economically viable and 
offer environmental protection.

Alternatives to stubble burning
Alternative on-farm solutions  include incorporation or retention of 
straw and stubble with all its associated benefits, including longer-
term soil quality improvement and increased water retention. 
However, the volume of rice straw means farmers face difficulty 
with in-field straw management due to machinery requirements 
and labour cost of incorporation, nutrient and pesticide tie-up, 
build-up of weeds and disease, and uneven seedling germination 
and yield variability of subsequent crops.

Due to the unpalatability and low nutritional value of rice straw 
to livestock, use as stockfeed is limited other than during drought 
conditions when other fodder sources are unavailable.

There is a wide range of research around alternative uses for 
rice straw and the practicality of implementation of these uses. 
Alternative uses of rice straw include:

MM bioenergy and chemicals (bioethanol, butanol, hydrogen, 
methane, furfural), and building materials (lightweight concrete 
blocks, fibreboards, cement)

MM industrial applications (absorbents, calcium silicide, activated 
carbon, filtration agents, and carriers in pharmaceuticals, 
rubber compounding)
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MM rice straw ash as an insulator in the steel industry

MM erosion control

MM recyclable paper products

MM plastics and composites

MM high-value nutritional bio-oils

MM rice straw composts through integrated animal management

MM biochar and char–ash–clay mix soil amendments.

The most critical constraint in removing rice straw off farm for 
other uses is its low bulk density, which makes it expensive to 
transport. At the industry scale, high value-adding is required from 
this low-value material for economic viability. On-farm processing 
may offer an alternative shorter-term solution.

Best-bet alternatives

1) Industry-wide solutions
Industry-wide bioenergy solutions require significant industry 
capital and feasibility study, and at this stage are considered likely 
to be implemented in the longer term using rice hulls rather 
than straw. The industry-wide approach is limited by the in-field 
handling and transport costs, and seasonal and annual variability.

For example, since the cost of straw removal from the field is up 
to about $90/tonne within a 100 km radius, the value of extracted 
products needs to compensate for this. If the rice industry was to 
accept approximately half of the straw yielded from an average 
production cycle (say 300,000 tonnes), it would have to pay about 
$27 million to compensate the growers for removal. A preferred 
model may be to have government incentives and policy initiating 
and assisting bioenergy implementation through infrastructure 

grants with an economically sustainable model for ongoing 
operations.

Research in northern Australia is ongoing using pilot-scale 
integrated biorefineries that involve residues from the sugar, 
sorghum and other industries, being transported to a central 
facility to create power or specialised high-value chemicals 
(furfural, butyric acid, bioplastics) and the testing of advanced 
fermentation or biotechnology processes. The production of 
high-value chemicals from waste residues is a big growth area 
with estimates in excess of a $4 billion industry in Australia.

The general consensus is that to be most successful, a cross-
sectoral approach is required whereby a number of different 
industries, e.g. wine, paper or cotton, may supply a biorefinery 
type facility. Output products, e.g. energy, specialised siliceous 
products or chemicals, should ideally be able to supply local 
industries that have high specific demand, such as intensive 
energy use, bottles, recyclable packaging, to enable a closed-loop 
situation to be developed within the region.

In the case of rice, the silica component may present a unique 
aspect for opportunity. State of the art research is examining the 
characteristics of silica nanoparticles that are formed naturally in 
rice straw and husks and how they may be isolated easily and at 
scale. Research includes:

MM enhanced energy storage capacity of lithium batteries

MM use in solar power panels

MM nanotechnology applications for controlled drug delivery and 
food additives

MM use in the construction industry for high-strength concrete and 
glass manufacture that may have local markets.

r i c e  s t r a w

Burning compared with removal and retention
An important aspect of straw management for farmers is how it impacts on soil nutrient balance and longer-term soil fertility, as 
well as weed, pest and disease control. The chemical composition of rice straw and ash gives an indication of the nutrients and 
trace elements that are lost or remain, according to whether straw is removed completely from the field or burnt (Table 1).

There have been claims that burning causes almost complete loss of nitrogen, about 25% of phosphorus, about 20% of potassium 
and 5–60% of sulphur. If straw is continually transported off farm on an annual basis then greater amounts of potassium may need 
to be applied.

Generally however, if the straw is burnt rapidly in situ, phosphorus, potassium, sulphur, calcium, magnesium and silicon losses may 
be relatively low since these elements tend to remain in the ash and will be retained in the soil. However, these elements may be 
in a different chemical form with potential changes in availability to plants. Burning versus straw removal also causes changes in soil 
moisture and hydraulic conductivity through heat and compaction.

Nutrient removal by rice grain, rice straw and burning rice straw

Nutrient removal (kg nutrient/tonne)

 Nitrogen Phosphorus Potassium Magnesium Calcium Silicon

Rice grain 10.5 4.6 3.0 1.5 0.5 2.1

Rice straw 7.0 2.3 17.5 2.0 3.5 11.0

Burning 7.0 0.6 3.5 1.0 2.9 0.2

Source: Dobermann and Fairhurst, Best Crops International, 2002
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2) On-farm solutions
There are a number of potential ways that rice straw can be 
managed on farm, other than burning. Although these solutions 
may only be appropriate on a case by case basis, best-bet options 
for farmers in the short term may include:

MM farm system rotational management, especially in single 
cropping businesses

MM integrated management with intensive livestock production, 
e.g. piggeries, followed by returning straw-manure piles and 
amendment to paddocks

MM on-farm densification technologies that manufacture straw 
extrusion products such as briquettes or pellets that feed on-
farm gasifiers to power pumps and domestic energy needs.

Potential market opportunities
There is a range of potential market opportunities although to 
date these have not been properly developed or are unavailable. 
These include:

MM Garden mulch products — domestic markets offer high 
mark-ups that can overcome handling and transport costs. 
Rice straw offers advantages over other straw mulches such 
as wheat, oat, sugar cane and pea straw as it is weed free 
and is attractive in gardens as it can be evenly spread. National 
advertising campaigns, supported at the industry level may 
increase the size of this market.

MM Fibreboard — requires feasibility of production at scale to be 
tested and implementation of straw transport and handling 
logistics.

MM Export to Japan for Wagyu beef production diets — to obtain 
the specialised wagyu beef that has high value and demand 
in Japan and elsewhere, cattle are fed a finisher ration that 
includes rice straw which has high fibre and no vitamin A.

Although there is a large number of potential alternative uses for 
rice straw, thorough business case development is required to 
ensure sustainability for individuals and the industry.

Future research
The following research and commercialisation activities are 
considered critical to capture the potential economic benefits of 
rice straw in Australia:

MM demonstration of continuous processing of rice straw in 
combination with other industry residues (cotton, wine) 
through pilot scale or demonstration biorefineries

MM detailed assessment of rice straw product and market 
opportunities with a focus on Australian and Asian markets, 
e.g. building products, livestock fodder and  garden mulch 
products

MM detailed cost benefit and lifecycle analysis of small scale on-
farm gasification technologies for single enterprise energy 
production and how to overcome impediments to investment 
because of rapidly evolving overseas technologies, possibly 
through state government initiatives

MM understanding the sustainability of continued straw removal 
versus burning and its impacts on productivity and the 
additional nutrient inputs that may be required to offset this 
removal

MM understanding agronomic and carbon sequestration benefits of 
rice straw derived soil amendments

MM development of rice varieties that may offer enhanced 
amorphous silicon nanoparticles

MM development of specific technologies that allow the easy 
culturing of microorganisms that produce high value omega 
oils.

Conclusion
Despite research endeavours across a multitude of stakeholders, 
practical solutions that are economically viable for the management 
of rice straw at a level that accommodates the majority of farm 
businesses, other than burning, is not yet available for Australian 
rice growers.

A co-ordinated effort between several closely-located industries 
that may reduce investment risk and overcome issues of scale and 
variations in feedstock quantity and composition is required.

Project

Alternative Management of Rice Straw (PRJ 009170)
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At times, even responsible burning can present problems, consequently there is 
a need for the rice industry to explore alternative ways of managing rice straw .
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improve irrigation efficiency
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FarmConnect® is the complete automation solution that lets 
you manage your irrigation remotely. Featuring Rubicon’s 
rugged automated hardware, our through-the-bank and 
bankless channel solutions give you the precise control 
needed to grow higher value crops with less effort.

And because it’s from Rubicon you can rest assured we’ll be 
here to support your investment now and into the future.

Call 03 5820 8800 or visit rubiconwater.com/farmconnect

Surface irrigation automation from the experts.
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Monitoring
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Water Level Sensor
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QUICK TAKE

M› After four years of extensive research, researchers are 

confident that remote sensing can be used to produce a 

map of a rice crop’s nitrogen uptake at panicle initiation 

(PI).

M› A remotely-sensed image of a rice crop’s nitrogen uptake 

at PI would identify variability in nitrogen uptake and 

provide a solid base for variable rate nitrogen topdressing 

to maximise grain yield with reduced risk.

M› Nitrogen uptake maps at PI, derived from remote sensing 

would reduce the need to physically sample the crop and 

provide a greater understanding of within-crop spatial 

variability.

REMOTE SENSING TO 
PREDICT PI NITROGEN 
UPTAKE IN RICE
Brian Dunn, Tina Dunn, Iain Hume 
& Beverly Orchard
NSW Department of Primary Industries

Remy Dehaan
Charles Sturt University

Andrew Robson
University of New England

Researchers have been investigating the use of remote 
sensing to predict nitrogen uptake at panicle initiation (PI) 
and the results are very encouraging. 

Currently, the NIR tissue test is the recommended method for 
determining nitrogen requirement for rice at PI, however less than 
30% of growers are currently using this system. Remote sensing 
would reduce the need to physically sample the crop and the 
derived maps of nitrogen uptake at PI would provide a greater 
understanding of nitrogen variability throughout the crop.

Applying nitrogen to a rice crop at PI is efficient and reliable as the 
crop’s growth already takes into account some of the unknown 
variables at sowing such as early seasonal temperatures and 
available soil nitrogen. The NIR tissue test has been the industry 
standard for measuring crop growth and nitrogen at PI since the 
mid-1980s. Unfortunately many growers and agronomists do not 
take advantage of this technology but rely on estimating the rice 
crop’s nitrogen requirements. One of the main reasons growers 
do not use the test is difficulty in sampling the rice crop in the 
water.

Four years of research has been conducted to determine if 
nitrogen uptake of rice at PI can be predicted using remote 
sensing from drones, aircraft and satellites. This was part of an 
ongoing Rural Industries Research & Development Corporation 
(RIRDC) research project. 

Remote measurement 
Each year a series of experiments was setup with several 
commercial rice varieties. Across the varieties, a range of nitrogen 
rates was applied to create rice plots with a large range of nitrogen 
uptake levels at PI. These plots were measured at PI using several 
remote sensing instruments and physical plant samples were 
also collected. The relationships between the remotely sensed 
data and the physically measured nitrogen uptake at PI were 
investigated. Over the four years of the project, 885 plots were 
imaged and physically measured for nitrogen uptake at PI.

In the first three years of the project, plots were measured with 
a field-portable hyperspectral radiometer (SVC 1024) mounted 
on a four wheel motor bike (see below). This instrument uses 

Chris Dawe and Tina Dunn collecting rice canopy spectra (remotely-sensed 
data) using a hyperspectral scanner mounted on a four wheel motor bike.
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the same wavelengths (400–2400 nm) as the laboratory NIR 
instrument, which is very accurate at determining rice tissue 
nitrogen content at PI. We were then able to determine how 
accurately PI nitrogen uptake could be measured using the best 
possible instrument and conditions and also determine the 
optimal wavelengths to use to achieve the greatest correlation 
with PI nitrogen uptake. This information has given us confidence 
that remote sensing had potential for determining nitrogen uptake 
of rice at PI (Figure 1). 

Data from a minimum of one hundred plots, including two seasons 
and several rice varieties, are required before a realistic evaluation 
of each instrument is possible. Multi-season correlations have 
been developed between the data and measured nitrogen uptake 
at PI for several multispectral and hyperspectral systems (Table 1).

Do they work?
All instruments can create a normalised difference vegetation index 
(NDVI) from the canopy reflectance measured and produced 
similar correlations between NDVI and PI nitrogen uptake. At 
low PI nitrogen uptake levels, below 100 kg N/ha, NDVI showed 
a reasonable relationship with PI nitrogen uptake but above this 
level the relationship between NDVI and plant nitrogen uptake 
plateaued, with the NDVI unable to detect and therefore predict 
changes in PI nitrogen uptake.

Alternatively, very high resolution satellite imagery may prove 
to be an accurate and affordable option. The first season of the 
Worldview 3 satellite data has shown considerable potential and 
when the second season’s data (2015–16) is analysed a better 
understanding of its potential can be determined. A satellite-based 
remote sensing system with automated processing and delivery 
systems that could generate near real-time management decisions 
to industry and farmers may be one possible option. 

The three years of hyperspectral and multispectral data have 
identified the wavelengths that best predict PI nitrogen uptake. 
This provides us with the opportunity to develop a relatively 
inexpensive camera with filters to measure those wavelengths 
that predict PI nitrogen uptake. This camera could be mounted in 
an aircraft to measure rice fields across the industry. This option 
has the added benefit of being more flexible with data collection 
timing, thus reducing the risk of clouds interrupting the process.

Table 1. The range of instruments used in four years’ of research to collect remotely sensed data from ‘rice variety x nitrogen’ experiments

Remote sensing instrument Collection method Bands Data collected

SVC 1024 Ground Hyperspectral (330–2500 nm) 3 seasons

Greenseeker Ground NDVI 2 seasons

Aerial NDVI Aerial 6 bands (490–900 nm) 3 seasons

micaSense Aerial 4 bands with red edge 1 season

HyVista Hymap Aerial Hyperspectral (430–2450 nm) 1 season

Worldview 3 Satellite 8 bands (400–1040 nm) 2 seasons

Where to now?
Once analysis of data from the current season has been completed, 
the sensing technology that provides the best prediction accuracy 
of PI nitrogen uptake at an affordable price will be identified. The 
project team will then commence the development of a semi-
commercial system for determining nitrogen uptake of rice at PI. 
It is expected that this will be trialled in the 2016–17 rice season. 
It may be a few years before growers can obtain a PI nitrogen 
uptake map of their rice fields using this method, but it appears a 
reality in the near future. 
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Figure 1. Measured vs predicted PI nitrogen uptake (kg N/ha) from 677 plots 
scanned over three seasons with a hyperspectral scanner mounted on a four 
wheel motor bike.
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