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Take home message
GRDC is investing in research aimed at understanding how the performance of current farming
systems can be improved.
Systems with different crop intensity (or frequency), crop sequences, system inputs and practices
aimed at maintaining long‐term soil resources are being compared experimentally.
System modifications and their interactions of these various modifications are being examined at a
core experiment site on the Eastern Darling downs, and 6 regional sites across the northern region
are examining locally relevant system modifications.
Experimental data and modelling are being used to assess changes and effects of the different
farming systems on several attributes (e.g. water use efficiency, nutrient use efficiency, soil
resource, pathogen and weed populations).
Rationale
Recent analysis suggests that there is potential to increase the efficiency of current farming systems.
An analysis of surveyed crop sequences found that only 29% were achieving 80% of their potential
water use efficiency. Similarly farming systems are facing emerging challenges of increasing
herbicide resistance, declining soil fertility and increasing soil‐borne pathogens all which require
responses in farming systems in order to maintain system productivity.
The northern farming systems initiative aims to address these emerging challenges by investigating
the question: Can systems performance be improved by modifying our farming systems?
The research aims to deliver information on the following issues:
 Key issues or areas where current systems are underperforming
 Benchmarks for, and gaps between, current and potential system water use efficiency (not
just crop water‐use‐efficiency)
 What changes in farming systems enable further increases in system efficiency
 Benefits and costs of crop choices on various aspects of farming systems (water, nutrients,
weeds, pests)
 Identify any possible future issues that are likely to arise in response to changes in farming
systems
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Experimental plans
The northern farming systems initiative will implement a co‐ordinated experimental program to
examine a range of modifications to farming systems and quantify their relative impact on a range of
measures of system performance. These modifications have been chosen following consultations
with growers, advisors and other researchers across the northern region and are targeted to address
apparent current and emerging challenges to farming systems. The range of systems have been
chosen to capture the range of possible cropping systems operating in the northern region.
The combined experimental program will consist of 1 core site located at Pampas on the Eastern
Darling Downs and 6 regional sites located at Emerald Agricultural College (Central Queensland),
Billa Billa (Western Downs/Border Rivers), Mungundi (Western NSW and Qld), Plant Breeding
Institute, Narrabri (Northern NSW), Nowley Research Station, Spring Ridge (Liverpool Plains), and
Trangie Research Station (Central West NSW).
The core site will compare 34 farming systems (see Table 1). These include 8 summer crop
dominated systems, 8 winter crop dominated systems, 14 mixed summer‐winter crop systems and 4
systems involving ley pastures. The cropping systems (not ley pasture systems) involve factorial
combinations involving different crop intensity (i.e. the number of crops sown/yr), crop sequences
(including the range of crops grown) and nutrient supply/balance. Each of these systems are based
on differences in key decision points or rules which aim to bring about these distinct changes in the
farming systems. The systems tested at the core site are common with systems being tested in the
regional experimental sites.
At each regional site a ‘benchmark’ system, based on current decision rules used in the district, will
be compared with a common set of 4 individual system modifications (i.e. higher crop intensity,
higher crop diversity, high nutrient supply and high legume frequency) (see Table 2). Additional
regionally relevant modifications to systems may also be included based on local demand for these
treatments. Table 2 summarises the common set and different modifications to be tested at each
region and the equivalent system in the core site.
Key metrics of systems performance
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Over the life of the project each experimental farming system will be compared in terms of several
attributes:
 Total grain production and quality
 Economics (inputs and returns)
 Efficiency of use of water and nutrients,
 Changes in soil nutrient stocks and soil health indicators
 Dynamics and populations of soil pathogens and weed populations
Together this information will be used to assess the relative performance of the farming systems
against several metrics. This will help us understand the strengths, weaknesses and identify any
future risks associated with particular system modifications.
Systems modelling and analysis
A combination of several modelling approaches will be used in the project to examine the
performance of current farming systems across the northern region. These models will provide
predictions of the likely effects of the various systems modifications over the time and extrapolate
experimental information to compare system performance under a range of climatic conditions and
predict the implications at other locations and/or other combinations of systems (e.g. different
sequences of crops) across the northern region. In particular, the simulation modelling will enable
climate and price risk factors to be analysed for each of the systems.

Table 1. List of key modification foci for changes to farming systems, their associated rationale and impacts and how the characteristics or decisions would be altered to
achieve the desired outcome. System treatments in italics are those that make up the current ‘benchmark’ system; System treatments denoted with a ^ are included in a
full factorial at the core site and denoted with a # are only singular treatments or partial factorials at the core site.
#

System
modifications
1. CROP INTENSITY
1A
Moderate crop
intensity ^
1B
High crop
intensity ^

1C

Low crop #
intensity

2. CROP DIVERSITY
2A
Limited crop
options ^
2B
Diverse crop
options ^

Strategy

Anticipated impacts

Sowing on a conservative PAW threshold
Increase the frequency of crops sown in
order to maximise proportion of rainfall
transpired by crops
Reduce the risk for a particular crop by
maximising soil water at sowing by
proceeding with a long fallow period.

Only crops with higher direct profitability are
grown
Utilise a wider range of crops to manage the
build‐up and damage from soil‐borne
pathogens and weeds in cropping systems

‐
‐
‐
‐
‐
‐
‐

Reduced fallow herbicide use
Increased C inputs & soil OC
Increased soil biological activity & nutrient cycling
Reduce losses of water during fallows
Greatly reduced number of crops
Higher profitability per crop
Long fallow periods requiring large herbicide program and
low ground cover risks

‐
‐
‐
‐

Soil‐borne pathogens increase
Limited weed control & herbicide choices
Increased soil biological activity & diversity
Alternate herbicide chemistry & hence slow HR onset

Key characteristics & decision point change

Higher PAW requirement to trigger a crop sowing event
(e.g. 150 mm)
Lower PAW requirement to trigger a crop sowing event
(e.g. 75 mm)

Crops only sown when very high PAW or full profile
Higher value/profitability crops are sown

Crop options limited to: wheat, barley, chickpeas, sorghum
Crop choice altered to ensure 50% of crops are resistant
to nematodes and no more than 2 non‐resistant crops in a
row.
Two crops with same in‐crop mode of action can’t follow
each other

3. NUTRIENT SUPPLY/BALANCE
3A
Conservative
Manage synthetic fertiliser input costs
nutrient supply^
3B
High nutrient
Background soil fertility is boosted and crops
supply ^
provided with adequate nutrients to
maximise yield potential.
3C
High legume ^
Increase inputs of biological N from legumes
in system to reduce fertiliser N inputs

‐ Soil fertility declining and likely crop yield penalties in good
seasons
‐ Soil chemical & biological fertility is maintained or increased
‐ Crops able to maximise their seasonal yield potential

Initial organic amendments and subsoil P application
Fertiliser budget to achieve 90th percentile yield.

‐ Reduced N fertiliser requirements
‐ Altered weed & pathogen populations

Legumes make up 50% crops sown
High biomass legumes chosen in preference

4. SOIL QUALITY RESTORATION
4A
No soil
Non‐grain crops are not included in crop
restoration
sequences
4B
Cover crops #
Cover crops used to restore soil cover,
increase organic inputs and manage weeds
and diseases
4C
Ley pasture #
Perennial ley pastures phases to rebuild soil
organic matter, nutrient levels and build
disease suppressive soil biology.

‐ Soil quality declines and hence water capture and nutrient
supply may limit system productivity
‐ Reduced herbicide use
‐ Reduce N inputs for crops in rotation
‐ Altered weed and disease populations
‐ Reduced herbicide use
‐ Reduce N inputs for crops in rotation
‐ Altered weed and disease populations

Grain crops only grown in crop sequences

Crop fertiliser budget to achieve 50th percentile yield

Cover crops after crops leaving low ground cover
Brown manure (i.e. spray out) crops with yield < 50% of
potential
A phase of grass and/or legume based pastures are sown
in rotation with grain crops

Table 2. System modifications for experimental program at regional locations and the reference benchmark at
the core site. Note the core site will also represent the Eastern Downs region farming systems.
Trt #
System
Regional sites
Emerald Billa Billa
Mungindi
Spring
Narrabri
Trangie
Ridge
1
‘Benchmark’
*
*
*
*
*
*
2
High nutrient supply
*
*
*
*
*
*
3
High legume
*
*
*
*
*
*
4
Diverse crop options
*
*
*
*
*
*
7
High crop intensity
*
*
*
*
*
14
Low crop intensity
*
*
*
*
*
15
Ley pasture (grass only)
*
16
Ley pasture grass + N
*
Integrated weed mgnt
*
No. of systems
6
8
5
6
6
6
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Simon Fritsch & Peter Wylie, Agripath Pty Ltd
Key words
attainable yield, water use efficiency, farming systems, profit, farm management
Take home message
Good crop yields result from storing water in the soil and converting this water and the in‐crop
rainfall efficiently into grain. Water Use Efficiency (WUE) Benchmarks can help to make better
decisions on the use of soil moisture by developing yield estimates. They can be also used to
compare yields or examine them in hindsight to check whether the crop has performed well at
turning water into grain. More accuracy can be derived by using WUE benchmarks which are set for
low, medium and high yields.
There are many aspects of farming systems which improve moisture storage and the water use
efficiency of the crops being produced. Doing a good job with controlled traffic and zero‐tillage will
help maximise water storage. A sound rotation can help to minimise weeds, pests and diseases and
boost farm yields and profits.
Good water use efficiency also needs weed control and optimum fertiliser use. Farm operations
need to be done well and on time. This requires good labour management and finance to optimise
inputs and keep machinery up to date.
When all these aspects are put together well, it is likely that the average farm can double profit.
1. Attainable yields
Water Use Efficiency (WUE) benchmarks can be used to derive attainable yield for a location and
season. At Roma it should be possible to store 116 mm of summer rainfall on average, which added
to 22 mm of rainfall left over as harvest soil water, means 138mm is stored in the soil at planting.
With 152mm of in‐crop rainfall on average, the attainable yield of short fallow wheat is 2.94 t/ha at
a target WUE of 11 kg/ha/mm.
Attainable yields for grain sorghum at Roma, are around 3.4 t/ha where water available to the crop
is around 315mm and WUE 11kg/ha/mm. Figures shown in Table 1 are shown for a September plant,
but this could be higher where sorghum is grown on long fallow with an extra 50mm of water, and
where the crop is planted in December or early January to maximise the chance of in‐crop rainfall.
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Table 1. Attainable yields of wheat and sorghum calculated from WUE and by APSIM

Wheat
May 30 Plant

Planting
soil
water

In‐crop
Jun ‐
mid‐Oct

Harvest
WUE
Yield**
soil
kg/ha/mm average
water*

APSIM
150 mm
PAWC #

APSIM
180 mm
PAWC #

High yield
Medium yield

Dalby
Goondiwindi

159
141

173
176

30
25

12
11.5

3.62
3.35

2.9
3.40

3.46
3.92

Lower yield

Roma

138

152

22

11.0

2.94

2.38

2.82

Planting
soil
water

In‐crop
Oct ‐
mid‐Jan

Harvest
soil
water

WUE
kg/ha/
mm

Yield
average

APSIM
150 mm
PAWC

APSIM
180 mm
PAWC

Sorghum
Sep 30 plant
High yield
Medium yield

Dalby
Goondiwindi

161
150

248
203

40
29

15.5
12

5.72
3.88

5.80
3.7

6.14
4.13

Lower yield

Roma

147

200

32

11

3.46

3.55

4.32

*Average soil water at harvest calculated by APSIM
**Yield calculated from average rainfall data and water use efficiency figures
# Yields modelled using APSIM show attainable yield is higher with increasing soil water capacity
2. Benchmarking yields using local WUE numbers
The French and Schultz model has been widely used in southern Australia to benchmark wheat yield
for a given water use, with a target of 20 kg/ha/mm, allowing for 110 mm of soil evaporation.
Current varieties and farming practices now produce WUE closer to 25 kg/ha/mm (Sadras and
McDonald 2011).
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Benchmarks of WUE are improved if soil stored moisture is included in calculations, even if only an
estimate. The application CliMate or the model How Wet can be used to estimate soil water, but
even better measurements are now being made using EM 38 (Foley 2013). Deducting 110 mm for
soil evaporation should be ignored because if winter rainfall and soil evaporation is low the
deduction leads to spurious results where WUE is high in a poor yielding year, when in fact it is low
due to a low harvest index.
In most years, there is little or no moisture left in the soil at harvest, but when there is spring rainfall,
some account should be made of left‐over water by adjusting the estimate of in‐crop rainfall.
This approach, where evaporation is ignored, is supported by Hunt and Kirkegaard (2011) who say;
“It is water use efficiency that is important as a benchmark when reviewing management, not
transpiration efficiency”. Doherty et al (2010) and Sadras and McDonald (2012) also conclude that
the most practical way of estimating WUE is to subtract soil water at maturity from soil water at
sowing and add the rainfall that falls in between. This is what is proposed in this paper as the most
appropriate way to use WUE in the Northern Region.
WUE should be more than a single number
The accuracy of using WUE to estimate yield can be improved by using a range, rather than a single
number. WUE improves with yield, as a result of a better harvest index. In extremely low yielding
situations, the crop has used a lot of the available water growing to the flowering stage and the WUE
can be less than a half of the WUE of a high yielding crop. As yield potential improves there is
generally better tiller survival, more heads per hectare, more grains per head and higher grain
weights. This all serves to improve the WUE.

9

Harvest Index is around
0.2 below yield of 2 t/ha

Figure 1. Harvest Index of Wheat at Dalby, over 100 years, modelled by APSIM
The maximum efficiency of water transpired into biomass is 55 kg/ha/mm, according to French and
Schultz (1984). This means the maximum WUE at a harvest index (HI) of 0.2 is 11, a figure which
increases to 22 for a harvest index of 0.4. In the French Schultz equation around one third of the
growing season rain was assumed to be lost through evaporation, so the WUE, as distinct from
transpiration efficiency, would then convert to 7.3 for a HI of 0.2 and rise to 14 for a HI of 0.4.
In practice, in the Northern region, the WUE of wheat increases from around 9 kg/ha/mm where
yields are less than 3 t/ha, to 12 kg/ha/mm for yields between 3 and 4 t/ha and is usually above 14
where there are yields exceed 4 t/ha due to a favourable season and high harvest index. (See Figure
2) In cereal crops, harvest index increases with tiller survival, grains per head and grain weight, all of
which boost yield and WUE in favourable seasons.
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Harvest Index peaks
at 0.4 above 4 t/ha

Figure 2. Yield of wheat produced by different amounts of soil water plus in‐crop rainfall. Northern
Grains Region 2007‐2013. Farm plus trial data collated by Agripath.
3. What is an extra 20mm of soil water worth?
The improvement which occurs in water use efficiency with extra soil water, means that as little as
20mm extra can go close to doubling crop profit. This is demonstrated from results of wheat yields
(modelled using APSIM) at Dalby and Roma for soils with 150 and 180 mm of plant available water
capacity. At Dalby, an extra 27mm of soil water increased WUE from 9.5 to 10.5 kg/ha/mm and yield
by 579 kg/ha. At Roma an extra 25 mm increased yield by 442kg/ha, which means an extra 20mm
should result in a yield increase of 354 kg/ha.
Table 2. Effect of soil water capacity on water storage and crop yield
Soil
Wheat
Planting In‐crop Harvest WUE
Yield
PAWC
May 30
soil
Jun ‐
soil
kg/ha/mm average
mm
Plant
water
mid‐Oct water
150
180
150
180

Dalby
Dalby
Increase
Roma
Roma
Increase

144
171
27
133
158
25

188
188

28
29

164
164

23
24

9.5
10.5
21
8.7
9.5
18

2885
3464
579
2383
2825
442

APSIM modelling by G. Mclean, DAFF Qld. 2014
Profit would increase from $162/ha to $276/ha with an extra 27mm at Dalby, a rise of 59% and for a
yield increase of 0.35 t/ha from an extra 20mm at Roma, profit would rise 65% from $128 to
$196/ha. See Table 3.
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Data from Agripath benchmarking
4. Water, Yield and Profit ‐ the important connection
The relationship between wheat yield and water available is shown in Figure 2. In this data, the
average yield is 3.36 t/ha from 280mm of soil water and in‐crop rainfall – a WUE of 12 kg/ha/mm.
Every disease problem, every mistake with seed, planting or variety selection, or not enough spent
on inputs such as weedicide and fertiliser, can cost more than 10% in yield. It is common for three or
more of these issues to be dragging down crop yields by some 30% and profit by 50‐60%.
Control of crown rot is important for good WUE and yield of wheat. Rotation is important, but if
wheat has to be sown after wheat, it should be planted into the middle of the old wheat rows for up
to 9% extra yield (Verrell 2014). Varieties of wheat such as Suntop, offer potential to suppress
nematode populations and avoid heavy losses from these pests, not only in wheat but in subsequent
legume crops. Rotation plans which include some long fallows can pave the way for increased use of
residual herbicides to help reduce costs and to better manage glyphosate resistance.
Good crop yields are a result of good planning and implementation of crop production involving a
myriad of details, starting with the crop choice and variety, the rotation program and how moisture
is stored and used on the farm. Combine this with good planting technology and timeliness, and the
right details of fertilisers, weeds, pests and other aspects of crop agronomy and there is potential to
substantially improve grain yields and profitability.
5. Adjusting crop sequence to avoid low margin crops
Long fallow crop sequences can sometimes be more profitable than double crops. It is all about the
margin left over at the end of selling the crop. There is little point growing a string of low margin
crops.
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Table 3. Effect of an extra 20mm of soil water on wheat profit
Wheat at Dalby
Wheat at Roma
average Extra 27 average Extra 20
yield
mm
yield
mm
2.38
2.73
Yield (t/ha)
2.88
3.46
Price
240
240
240
240
Gross $/ha
691
830
571
656
Fertiliser:
81
97
70
79
Seed
30
30
28
28
Fallow sprays
60
60
50
50
Weeds, Pests
15
15
15
15
Fuel & Repairs
52
52
44
44
Harvest costs
55
55
50
50
Freight & Misc.
68
77
73
82
Labour
80
80
60
60
Machinery costs
88
88
52
52
443
Total costs
529
554
460
Gross Margin
162
276
128
196
Gross Margin %
59%
170%
65%
153%

Table 4. Margins from a double‐crop sequence compared to a long fallow
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Mung Bean
double crop

Sorghum
after mung
bean

Sorghum on
a long fallow

Yield (t/ha)

0.9

2.2

3.5

Price

540

225

225

Gross $/ha

486

495

787

Fertiliser:

30

48

52

Seed

40

28

28

Fallow sprays

40

40

60

Weeds, Pests

75

45

45

Fuel & Repairs

40

42

65

Harvest costs

50

50

55

Freight & Misc.

57

65

95

Labour

40

45

65

Machinery costs

40

45

65

Total costs

412

408

530

Gross Margin

75

87

257

A double‐crop of mung bean with a yield of 0.9 t/ha followed by sorghum yielding 2.2 t/ha might
have a combined margin of less than $200/ha. A sorghum crop on a long fallow with a yield of 3.5
t/ha, should have a margin close to $260/ha and could help to improve farm profit. Good margins
are important and too much opportunity cropping can result in reduced margins over the longer
term.
6. Setting yield estimates for better decisions
Average data of WUE for wheat, sorghum and chickpea and suggested benchmarks at different yield
levels are presented in Table 5. Calculation of yield estimates can be done at any time, using these
benchmarks, to help make decisions on planting, fertilisers and adjustments to varieties, seeding
rates or row spacings.
At Roma, if soil moisture is low at say 80mm, then a low WUE benchmark of 9 kg/ha/m would be
used. If the average in‐crop rainfall of 152mm is used, the yield estimate is 2.09 t/ha. If moisture was
particularly high, at 160 mm, the WUE should be better than 12 kg/ha/mm and yield potential from
312 mm of soil water plus in‐crop rainfall would be 3.74 t/ha.
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Wheat

Low

Medium

High

<2.5 t/ha

2.5‐4 t/ha

>4 t/ha

Average WUE

9.01

11.86

15.07

STDEV

1.87

1.92

2.04

9

12

15

Low

Medium

High

<3 t/ha

3‐5 t/ha

>5 t/ha

Average value

8.4

11.5

15.1

STDEV

1.64

2.13

2.60

9

12

15

Low

Medium

High

<1.5 t/ha

1.5‐2.5 t/ha

>2.5 t/ha

Average value

6.55

8.55

10.46

STDEV

1.02

1.61

1.81

7

9

11

Yield Range

Benchmark WUE

Sorghum
Yield Range

Benchmark WUE

Chickpea
Yield Range

Benchmark WUE
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Table 5. Average WUE for various yield levels and suggested benchmarks in the Northern Grains
Region (Trial and paddock data collated by Agripath).
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Take home message
Crops access P from both the topsoil (0‐10cm) and subsoil (especially the 10‐30cm layer, where
there are lots of roots). Supplying adequate P for early growth stages (starter P) is essential for early
vigour and to set grain number and yield potential in grain crops, while P in deeper soil layers helps
to meet the demand to grow the crop – especially when topsoils dry out and crops live on stored soil
moisture. Low subsoil P can be a substantial yield limitation in all but the toughest seasonal
conditions.
Seasonal rainfall will affect the relative importance of topsoil and subsoil P, while crop species and
seasonal moisture influence the yield response to starter P and deep P bands. Responses to deep
bands are maximized when there is a rainfall event after establishment, to allow secondary root and
tiller development, provided there is subsequently enough water and available N to allow that
higher yield potential to be achieved. While residual benefits of deep P bands will persist for a
number of years, the economics of deep P banding will be influenced by seasonal conditions in the
years following application.
As a rough rule of thumb, crops require a minimum of 1.5‐2.0 kg P/t biomass production and remove
about 3.0‐3.5 kg P/t grain, although crops will accumulate great quantities and remove more in grain
if P is available. Early in the growing season biomass P concentration is higher, with this growth stage
critical for setting yield potential in grain crops. Depending on the ratio of grain: total DM, crops can
remove 50‐80% of the P in harvested product, with the residue returned to the surface soil where it
will stay unless incorporated with tillage. In short, the bigger the crop the higher the P requirement,
and the more marginal the P status the greater the proportion of total P removed in grain.
Subsoil P has declined through un‐replenished P uptake, shallow fertilizer placement and a lack of
tillage, with the greatest declines in the 10‐30cm layer. Soil testing for readily (Colwell P) and slowly
(BSES P) available soil P reserves is an essential guide for making fertilizer decisions, with both the 0‐
10cm layer (to determine starter P needs) and the 10‐30cm layer (deep P applications) needing
testing. Deep tests need to be undertaken infrequently, as results don’t change quickly, but
knowledge of the P status of the subsoil is essential before making fertilizer decisions.
Where would we expect P responses?
Soil testing of both topsoil (0‐10cm) and subsoil (10‐30cm) layers is the key to determining whether
a response to applied P (starter or deep P or both) could be expected. While we are currently
working to refine these fairly broad soil categories, and to explore crop requirements, our best
estimates for the Vertosols appear in Table 1 below.
Briefly, deep P will generally deliver a growth response if (i) Colwell P is <10 mg/kg in the 10‐30cm
layer, AND (ii) BSES P in that same layer is <30 mg/kg. If Colwell P in that layer is >10mg/kg responses
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Improving fertilizer decisions for P on the Western Downs

are unlikely, but if Colwell is <10 mg/kg and BSES P is 30‐100 mg/kg, you are in an area of
uncertainty, as we can’t know the solubility of all the minerals measured in the BSES test. If that is
the case, try a test strip.
Table 1. Critical P values and their relationship to P fertiliser decisions in northern Vertosols
Soil test interpretation
Colwell P

BSES P

Fertiliser
decision

<20 mg/kg

NA

Definitely

20‐30 mg/kg

NA

Possibly

>30 mg/kg

NA

Unlikely

Do I need to apply deep P?

>10 mg/kg

NA

No

(10‐30cm depth)

<10 mg/kg

30‐100 mg/kg

Possibly

<10 mg/kg

<30 mg/kg

Definitely

Do I need to apply starter P?
(0‐10cm depth)

If the subsoil is low, what size responses would we expect??
If we had to summarise all our trial experience to date, we would conclude that


The frequency of grain yield responses to starter P would be in the order of wheat > long fallow
sorghum, mungbean and chickpea > short fallow sorghum. The magnitude of the responses
varied, but typically ranged from 0‐10%, except in a mungbean crop where soil P was very low
and responses were much larger in relative terms.



All crops (wheat, chickpea, sorghum and mungbean) have shown responses to deep P
application.



Responses to deep P, assuming other nutrients like K and S were sufficient, have averaged ~20%
in crop yields in the 1st and 2nd season (few sites have been monitored any longer). Some
responses have been larger (50‐70%) under particular agronomic (e.g. heavy nematode
pressure) or climatic (limited or no effective in crop rainfall) circumstances. , but in dry seasonal
conditions without good secondary root development they have been more like 5 ‐ 10%.



The strongest responses to deep P in grains (wheat and sorghum) occurred when post‐planting
rainfall allowed the establishment of secondary roots and tillers, which are the main pathways to
plant P uptake and increased yields. In wet years when the topsoil was readily accessible, or in
extremely dry years, responses were more limited. Chickpeas have been variable, with both
strong responses in low rainfall years and also quite marginal ones, although consistent
responses were still recorded in wetter seasons. The differences in dry years would seem to lie
in how low the crop P status was and how effectively the crop accessed the deep bands.
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How often would we expect to see these responses??
Clearly there is an effect of seasonal moisture availability and in‐crop rainfall on yields and fertiliser
responses, and we can loosely classify seasons into three basic types with characteristics that
influence crop response to deep P. We have loosely termed these as
Dry starts ‐ those years with little or no effective rainfall from planting until after tillering.
Secondary root growth and tillering are seriously affected and there is limited uptake of P from
bands;
Wet start/dry finish ‐ those with enough rain to ensure good early growth, secondary root
development and tillering but later stress ensuring a strong reliance on subsoil moisture; and
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The frequency of these types of seasons obviously varies (winter v summer, and region to region). In
the Roma district, the frequency of ‘dry start’ years is unchanged by soil water holding capacity and
is a fairly consistent 20‐25% of years in both summer (sorghum) and winter (wheat or chickpeas)
planting windows. There are differences between crops, seasons and soil water holding capacity in
the frequency of seasons classed as ‘Unstressed/little water stress’ and those that ran into stress
later in the growing season (‘good start, dry finish’). Most obvious is the effect of water holding
capacity (soils with a bigger bucket run out of water later in the season less frequently, especially in
chickpeas), but summer sorghum has a slightly lower frequency of stressed crops than winter wheat.
Collectively, these seasonal moisture conditions impact on yield potential (see Figure 1 below) as
well as on the crops ability to respond to deep placed P fertilizer. Average grain yields vary 2‐3 fold
between season types, with the grain crops (both summer and winter) showing the greatest yield
fluctuations.

Figure 1. Simulated yields of chickpeas, wheat and sorghum in ‘dry start’, ‘wet start/dry finish’ and
‘no stress year’ at Roma for soils with 120mm or 240mm PAWC that were at least 2/3 full at sowing.
The yield losses due to low P incurred in the different seasonal types are clearly pivotal in any
analysis of the costs and benefits of ensuring adequate P nutrition. The estimates we have come up
with are preliminary and based on (in some cases very) limited data. However we think the discounts
or yield reductions shown in Table 3 below are realistic for soils where we are very confident P
responses will be obtained. We have presented these as total yield response to applied P (the sum
of starter and deep P), although we would note that responses to starter P range from 0% to 10% of
yield potential, with most consistent responses in higher yielding seasons. Under the right seasonal
conditions, overall P response can be much greater. These estimates of P responses can be used to
work out the value of lost yield if low soil P is not addressed adequately (ie. right rate, right place
and right time).

2015 Roma GRDC Grains Research Update

Wetter years– no severe crop stress, with an expectation that more regular rainfall will ensure
the top soils have plenty of active roots (although we may be battling foliage diseases in the
hope of securing high yields).

Table 2. Estimates of relative yield losses that would be experienced if fertiliser P was not applied for
different soils and season types. These effects are due to a combination of starter P and deep P, and
would reduce the simulated potential yields such as shown in Figure 1.
Season

PAWC

Wheat

Sorghum

Chickpeas

5%

5%

5%

10%

10%

15%

No serious
water stress

15%

15%

10%

Dry start

10%

10%

30%

25%

25%

25%

15%

15%

10%

Dry start
Wet start,
dry finish

Wet start,
dry finish

120mm

240mm

No serious
water stress

As these loss factors are percentages, it is fairly obvious that regions/soil types with higher potential
yields will deliver a larger yield benefit if low P is addressed. Conversely, in sites or seasons growing
low yielding crops, the payoff for deep P applications (eg. 10‐20% yield increase) is likely to be
limited, as water or some other factor is a much greater yield constraint.
What is the residual value of applied P?
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This is currently part of the focus of the existing trial program in UQ00063, with responses to
different P rates assessed in both the initial crop year and subsequent seasons through a crop
rotation. We know from work at IPL long term fertiliser trial sites like Colonsay and Tulloona that
roughly half of the net P removal in our cropping soils has come from the subsoil (Wang et al., 2007),
so we assume that future fertiliser programs will ultimately be a mix of starter and periodic deep P
applications if they are to be sustainable.
Our experience in soils with low Phosphorus Buffer Indices (PBI) across the region (ie. most of the
major cropping soils) is that residual value of applied P is excellent and covers multiple crop years.
The longest trials we have monitored have been for 5‐6 years, but most are 2‐4 crop seasons and
counting and we continue to see residual benefits of deep P, with an example shown from Capella in
Figure 2 below. This trial was established to explore the additive effects of P, K and S fertilizers on a
site that was low to marginal in all three nutrients, but as data illustrate, fixing the P limitation has
been the most consistent effect, with an additive effect of K appearing from time to time. In this
case P was applied in 2011 and 15‐20% yield responses have been recorded to P or combined P and
K applications in each crop year. The largest actual yield response to applied P (500 kg/ha chickpeas)
was in the wetter season of 2012. The site has just had an additional sorghum harvest from the
2014/15 season.
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Figure 2. Actual grain yield responses to P, K and S fertilizers, alone or in combination, at a site near
Capella. Fertilizer was applied
Experiences in the west
We have had a number of trials in the Lundavra, Westmar and Meandarra districts in the last couple
of winters, with the residual benefits being assessed in the current season at all sites. Typically our
trials look at the relative impact of both starter and deep‐applied P, with the object being to ensure
P is supplied in a position in the soil profile where the roots can access it, regardless of the seasonal
conditions.
Examples of the type of responses are shown for a chickpea crop at ‘Trenmore’, Meandarra from last
year. Dry matter data showed a small response to starter P and a much larger response to ‘deep P’,
with the growth response increasing to ~50% with increasing P rate (deep bands were placed 50cm
apart). However, in what was a classic ‘dry finish’ season with a couple of inopportune frosts thrown
in, that large growth response did not result in any consistent grain yield response above the 10‐15%
(100‐150 kg/ha) resulting from the deep ripping operation itself. This was extremely disappointing,
and was typical of the tough seasonal conditions of the last couple of winters in this part of the
region (marginal planting moisture, lack of follow up rain to promote tillering and deep P acquisition
and minimal effective in season rain to prevent late stress). Unfortunately, as discussed earlier and
illustrated in Figure 1, these weather conditions are not uncommon in this region, and represent a
significant challenge to getting reliable returns from investing in deep P application. Responses to
starter P have also been variable and generally decline as deep P rates increase (i.e. as overall site P

status improved). However in most instances in these western areas the majority of the grain yield
response could have been achieved with the starter P application.

Figure 3. Actual biomass and grain yield responses to starter and deep P fertilizers in a chickpea crop
at Meandarra in the 2014 winter season. Data are shown as actual biomass or grain yield, and as the
response to P treatment in actual (delta DM or GY, kg/ha) or relative (% increase or decrease) terms,
compared to the farmer reference with starter P.
What does this mean for future P application strategies in the Roma region?
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Our trial program is continuing and we will sample more sites and seasonal conditions to build our
understanding of factors governing the size of the crop P response in different regions. However
results to date would suggest that the frequency and size of grain yield responses to applied P most
commonly encountered in regions like Roma, with lower/more variable rainfall, will limit the
reliability of returns on investment from deep P. Starter P will provide a more consistent return on
investment at this time, although this situation will most likely change as we further erode our
subsoil P reserves and become more reliant on fertilizer P inputs to meet plant demand. We hope
our expanding database of experimental sites will provide a more accurate assessment of the soil
test situations which meet these conditions and warrant the additional expense of deep P
applications. In the interim, growers and advisors who encounter low subsoil P in soil tests are
encouraged to use test strips to explore the size and longevity of crop responses in their own fields.
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Take home message








Know your enemy ‐ soil test to determine whether RLN are an issue and which species are
present
Select wheat varieties with high tolerance ratings to minimise yield losses in RLN infected
paddocks
To manage RLN populations, it is important to increase the frequency of RLN resistant crops in
the rotation
Multiple resistant crops in a rotation will be necessary for long term management of RLN
populations
There are consistent varietal differences in Pt resistance within wheat and chickpea varieties
Avoid crops or varieties that allow the build‐up of large populations of RLN in infected paddocks
Monitor the impact of your rotation

What are nematodes?
Nematodes (or roundworms) are one of the most abundant life‐forms on earth. They are adapted to
nearly all environments. In cropping situations they can range from being beneficial to detrimental
to plant health.
The root‐lesion nematodes (RLN) are a genus of microscopic plant parasitic nematode that are soil‐
borne, ~0.5 to 0.75 mm in length and will feed and reproduce inside roots of susceptible crops or
plants. There are two common species of RLN in the northern grains region; Pratylenchus thornei
(Pt) and Pratylenchus neglectus (Pn). This paper will concentrate on Pt – often described as the
cereal and legume root‐lesion nematode.
Why the focus on Pt?
1. Pt are widespread in the northern grains region. Surveys conducted within Nth NSW and Sth Qld
cropping areas consistently show Pt presence in ~60‐70% of paddocks
2. Pt are frequently at concerning levels. Found at >2 Pt/g soil in ~30‐40% of paddocks
3. Yield losses in wheat of up to 50% are not uncommon when Pt intolerant wheat varieties are
grown in paddocks infested with Pt.
4. Yield losses in chickpeas of up to 20% have also been measured in DAFF QLD trials
5. There is no easy solution to RLN infestation. Variety and crop rotation are currently our major
management tools
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Root‐lesion nematodes: importance, impact and management

Figure 1 is a simplified chart that highlights the critical first step in the management of RLN is to test
your soil and determine whether or not you have an issue to manage. NB where RLN are present,
growers should focus on both 1) planting tolerant wheat varieties and 2) increasing the number of
resistant crops/varieties in the rotation

Figure 1. RLN management flow chart
Soil testing
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The critical first step in the management of RLN is to test your soil and determine whether or not
you even have the issue. Testing of soil samples is most commonly conducted via DNA analysis
(commercially available as the PreDicta B test from SARDI) with sampling to depths of 0‐15 or 0‐30
cm.
Vertical distribution of Pt in soil is variable. Some paddocks have ‘relatively’ uniform populations
down to 30 or 60 cm, some will have highest Pt counts in the 0‐15 cm layer whilst other paddocks
will have Pt populations increasing at deeper depths eg 30‐60 cm. Although detailed knowledge of
the distribution may be of some value, the majority of on‐farm management decisions will be based
on presence or absence of Pt with sampling at 0‐15 or 0‐30 cm depth providing that information.
What is seen in the paddock?
Although symptoms of RLN damage in wheat can be dramatic, they can be easily confused with
nutritional deficiencies and/or moisture stress.
Damage from RLN results in brown root lesions but these are difficult to see and can also be caused
by other organisms. Root systems are often compromised with reductions in root branching and
quantities of root hairs together with a reduced ability to penetrate deeply into the soil profile. RLN
create an inefficient root system that impairs the ability of the plant to access nutrition and water.
Visual damage above ground from RLN in wheat is non‐specific. Lower leaf yellowing is often
observed together with reduced tillering and a reduction in the amount of crop biomass. Symptoms
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In the early stages of RLN infection, localised patches of poor performing wheat may be observed.
Soil testing of these patches may help to determine or eliminate RLN as a possible issue. In paddocks
where previous wheat production has been more uniform, a random soil coring approach may be
more suitable. Another useful indicator of RLN presence is low yield performance of RLN intolerant
wheat varieties.
Management of RLN
1. Nematicides (control in a drum): there are no registered nematicides for RLN in broadacre
cropping in Australia. Screening of potential candidates continues to be conducted but RLN are a
very difficult target with populations frequently deep in the soil profile.
2. Nutrition: damage from RLN reduces the ability of cereal roots to access nutrients and soil
moisture and can induce nutrient deficiencies. Under fertilising is likely to exacerbate RLN yield
impacts however over fertilising is still unlikely to compensate for a poor variety choice.
3. Variety choice and crop rotation: These are currently our most effective management tools for
RLN. However the focus is on two different characteristics ‐ Tolerance (ability of the variety to
yield under RLN pressure) and Resistance (impact of the variety on the build‐up of RLN
populations). NB varieties and crops often have varied tolerance and resistance levels to Pt and
Pn.
4. Fallow: RLN populations will generally decrease during a ‘clean’ fallow but the process is slow
and expensive in lost ‘potential’ income. Additionally long fallows may decrease Mycorrhizal
(VAM) levels and create more cropping issues than they solve.
Tolerance
Regional winter crop sowing guides detail the level of variety tolerance to both species of RLN.
Selection of wheat varieties on the basis of these published RLN tolerance rankings is critical to
avoid significant yield losses, particularly in paddocks with large populations of Pt. Wheat breeding
has successfully produced a range of varieties with moderate or higher levels of tolerance to Pt eg
EGA Wylie , EGA Burke , EGA Eaglehawk and EGA Gregory together with the more recent
releases of Lancer , Gauntlet , Sunguard and Suntop . These varieties will reduce the extent of
yield loss due to Pt, however some of these varieties may still allow high levels of nematode build‐
up.
How valuable are wheat tolerance differences?
At a trial site near Yallaroi in 2012, a range of crops and varieties were grown where performance
was evaluated in strips with contrasting starting levels of Pt. The ‘low’ starting population was ~2
Pt/g soil. This level is on the borderline between a low and medium risk rating for yield loss due to
Pt. The ‘high’ starting population was ~19 Pt/g soil. This level is in the high risk category for yield loss
due to Pt. Figure 2 shows the impact of Pt on the yield of varieties with a range of tolerance levels. A
tolerant variety would be expected to achieve a similar yield under both Pt populations eg EGA
Wylie . An intolerant variety would achieve much lower yields when grown under higher Pt
pressure eg Sunvex and Strzelecki .
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are more likely to be observed later in the season, particularly when the crop is reliant on sub soil
moisture. Clear symptoms are generally not seen in other crops.

Figure 2. Comparison of wheat variety yield under ‘low’ and ‘high’ starting populations of Pt near
Yallaroi 2012. (Trial RH1213)
* = significant yield difference in same variety between ‘low’ and ‘high’ Pt strips at p=0.05
Letters below variety names are the DAFF QLD 2013 published Pt tolerance rating; T=tolerant,
MT=moderately tolerant, I=intolerant, VI=very intolerant
NB the level categorised as the ‘low’ starting Pt population was still equal to the current industry
threshold. At this level significant yield losses (up to 20%) may occur in intolerant wheat varieties.
Consequently the measured yield impact between ‘low’ and ‘high’ Pt in this trial is an underestimate
of the full Pt affect.
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The varieties rated as Pt intolerant (Strzelecki and Sunvex ) suffered significant yield reductions of
35‐48% in this trial when grown in the ‘high’ Pt population plots. Yield losses of ~1‐ 1.25 t/ha were
recorded with direct economic costs >$250/ha. In contrast the two more tolerant varieties (EGA
Wylie and EGA Gregory ) did not suffer a significant yield reduction. The larger economic cost
would have been in selecting an intolerant variety eg Strzelecki compared to a tolerant choice eg
EGA Wylie . In this case a loss in potential yield of >2 t/ha would have been realised however not all
of this difference could be attributed to nematode impact.
Key point: Choosing tolerant varieties will limit the yield and immediate economic impact from Pt,
however some of these varieties may still allow high levels of nematode build‐up. The second issue
to be considered is the variety resistance/ susceptibility level.
Resistance
Resistance is the impact of the variety on RLN multiplication. Eradication of RLN from an individual
paddock is highly unlikely so effective long term management is based on choosing options that limit
RLN multiplication. This involves using crop or variety choices that have useful levels of Pt resistance
and avoiding varieties that consistently cause large increases in Pt numbers.
All the data presented has been from soil sampling depths of 0‐30cm.
1. Resistance differences between winter crops
The primary method of managing RLN populations is to focus on increasing the number of resistant
crops in the rotation. Knowledge of the species of RLN present is critical as crops that are resistant
to Pt may be susceptible to Pn. Key crops that are generally considered resistant or moderately
resistant to Pt are sorghum, sunflower, maize, canola, canary seed, cotton and linseed. Wheat,
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Figure 3. Comparison of Pt populations remaining in March /April 2012 following different winter
crop species near Weemelah 2011 (Trials RH1101‐1109)
(Number) indicates the number of varieties within each crop. The two horizontal lines indicate the
respective ‘low’ and ‘high’ starting Pt levels in March 2011
2. Resistance differences between commercial wheat varieties
Root‐lesion nematode resistance ratings for wheat varieties have been published in variety guides
for many years and these ratings should be used to assist in variety selection. There is a strong
relationship between the resistance ratings produced by DAF in glasshouse experiments and field
assessment of resistance measured by high throughput DNA analysis. The large amount of field data
generated in recent years has however helped to quantify the importance of variety differences in
resistance rating. Figure 4 shows the relative variety impact on Pt populations as a % of the
moderately resistant bread wheat variety Gauntlet , in trials conducted during 2009‐2014.
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barley, chickpeas, faba beans, mung beans and soybeans are generally susceptible ‐ although the
level of susceptibility may vary between varieties. Field peas (Maki , Yarrum and CRC Walana )
were also evaluated. Field peas have previously been considered resistant however many newer
varieties appear more susceptible. Figure 3 shows the mean Pt population remaining after a range
of winter crops were grown near Weemelah in 2011. Although all crops were sown in individual
trials ‐ to enable weed and pest control ‐ the data gives some indication of the magnitude of Pt
resistance differences between these crops.

Figure 4. Comparison of Pt population remaining as a % of Gauntlet , from MET analysis by DAF of
24 individual trials 2009‐2014
(Number) indicates the number of field trials in which the variety was evaluated.
*New varieties with limited evaluation
Other common bread wheat varieties that are classed as high risk for Pt multiplication are Kennedy ,
EGA Bounty , Elmore CL , Sunvex , Gazelle , Sunco , Janz , Impala and Lincoln
Key point: Bread wheats are generally Pt susceptible but there are large differences between
varieties in the level of susceptibility. Growers with Pt infestations must avoid high risk or ‘sucker’
varieties that result in very high levels of Pt multiplication. NB although durum varieties generally
restrict Pt multiplication compared to bread wheats, they are very susceptible to crown rot.
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3. Resistance differences between commercial barley varieties
Field work suggests the differences in resistance between the current commercial barley varieties is
much smaller than in wheat. The bulk of barley varieties appear to fall into the medium risk
category for building up Pt populations, with only Compass and Commander falling into a low risk
category.
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Figure 5. Comparison of Pt population remaining between barley varieties as a % of Commander ,
2009‐2013. (Number) indicates the number of field trials in which the variety was evaluated. The
position of the wheat varieties on the RHS of the graph indicate our best current estimate of
comparison between these varieties for Pt build‐up. This data has been generated where barley and
wheat have been grown within the same replicated trial or at least at the same trial site.
4. Resistance differences between desi chickpea varieties
Recent field data is also showing consistent differences in Pt resistance between commercial
chickpea varieties. Figure 6 shows a summary of the performance of a range of chickpea varieties in
9 trials, during 2010‐2014, conducted by DAF QLD, NSW DPI or NGA.

Figure 6. Comparison of Pt population remaining between desi varieties as a % of PBA HatTrick ,
2010‐2014. All varieties evaluated in all 9 trials except CICA0912 (only 7 trials)
The position of the wheat varieties on the RHS of the graph indicate our best current estimate of
comparison between these varieties for Pt build‐up. This data has been generated where desi
chickpeas and wheat have been grown at the same trial site.

Key point: All desi varieties evaluated to date appear to provide a medium to high risk of Pt build‐up.
Mean Pt populations after Jimbour and Kyabra have been generally double the level compared to
the population remaining after growing either PBA HatTrick or PBA Boundary . Growers with Pt
infestations should certainly avoid varieties that support higher populations of Pt.
5. Resistance differences between kabuli chickpea varieties
Field data has not shown any consistent differences in resistance between the current commercial
kabuli varieties. In general, kabuli varieties appear to be leaving behind a similar Pt population to the
highly susceptible desi chickpea varieties such as Jimbour and Kyabra . This would suggest all
current commercial kabuli varieties are in the high risk category for Pt build‐up.
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Figure 7. Comparison of Pt population remaining between kabuli varieties as a % of PBA HatTrick ,
2010‐2014. (Number) indicates the number of field trials in which the variety was evaluated.
NSD= No significant difference between treatments. The position of the wheat varieties on the RHS
of the graph indicate our best current estimate of comparison between these varieties for Pt build‐
up. This data has been generated where kabuli chickpeas and wheat have been grown at the same
trial site.
6. Resistance differences between faba bean varieties
The recent release of PBA Warda has seen a significant improvement in Pt resistance, compared to
the older varieties of Doza and Cairo . This data was collected from a total of 6 separate trials from
2011‐2014 with all varieties included at all sites.
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Figure 8. Comparison of Pt population remaining between faba bean varieties as a % of PBA Warda
2011‐2014. The position of the wheat varieties on the RHS of the graph indicate our best current
estimate of comparison between these varieties for Pt build‐up. This data has been generated where
faba beans and wheat have been grown at the same trial site.
The experimental variety IX220D/2‐5 was included in 2 out of the 6 trials. Preliminary results
indicate that IX220D/2‐5 is similar to Doza and Cairo in Pt build‐up.
7. Resistance differences less evident in summer crops
Smaller data sets have been generated for commercial hybrids of sorghum, cotton and sunflower.
Differences between varieties or hybrids in level of Pt resistance in these crops have been small or
not significant to date. Figure 9 shows the mean results from 6 common sorghum hybrids that have
been evaluated in a series of 9 individual trials. There was no indication of any consistent difference
in Pt resistance between these, or any other, sorghum hybrids evaluated.
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Figure 9. Comparison of Pt population remaining as a % of MR‐Buster, summer 2012/13 and
2013/14. All sorghum hybrids evaluated to date appear to provide a low risk of Pt build‐up. All
hybrids evaluated in all 9 trials except Tiger and G99 (6 trials) and Dominator (5 trials)
NSD= No significant difference between treatments. The table below is a summary of the resistance
differences observed in field trials evaluated since 2009. These results support previous DAF Qld
findings.
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Table 1. Comparison of crops for Pt build‐up risk and frequency of significant variety differences
Crop
Pt build‐up risk
Variety differences
Sorghum
Low
None observed
Cotton
Low
None observed
Sunflower*
Low
None observed
Linseed*
Low
‐
Canola*
Low to Medium
None observed
Field peas*
Low to Medium
Low
Durum‐wheat
Low to Medium
Moderate
Barley
Low to Medium
Moderate
Bread‐wheat
Low, Medium to High
Large
Chickpea
Medium to High
Moderate to Large
Faba beans
Medium to High
Low
Mung beans*
Medium to High ?
Moderate to Large ?
For crops with a range of build‐up risk but a dominant category, the dominant category is in bold
eg barley; majority of varieties in the medium risk category but some low risk
bread wheat: varieties in all categories but most varieties are in the medium to high risk categories
*= data only from 1‐2 field trial locations for these crops
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RLN are key constraints of crop production in the northern grains region. The level of economic
impact on intolerant wheat varieties is well understood but there have been concerning impacts also
seen in chickpeas.
Once RLN are established in a paddock the key management tools are crop and variety choice. When
wheat is grown, growers and advisors must focus on selecting tolerant varieties to avoid large yield
losses. At the same time it is important to maximise the number of resistant crops/ varieties in the
rotation and ensure that high risk or ‘sucker’ varieties are avoided. Unfortunately a single resistant
crop is highly unlikely to be an effective management tool for RLN.
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Practical management of high level phosphine resistance in Rusty grain
beetle
Philip Burrill, DAF Qld.
Key words
Grain storage, rusty grain beetle, flat grain beetles, Storage checklist, Diatomaceous earth (DE),
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Take home message
Rusty grain beetle (RGB) is one of three Flat grain beetle species seen in Australian stored grain. If
flat grain beetles survive a fumigation using phosphine, it is important to send the live insects to a
laboratory for resistance testing. ProFume® may be recommended if it is the strong resistant strain
of RGB.
Consider using this simple “farm storage checklist” that works towards establishing best practice and
building a professional, mutually beneficial relationship with your key grain buyers
To achieve reliable grain quality and pest control results, use an integrated strategy of good storage
hygiene, monthly monitoring / recording, aeration cooling and appropriate use of protectants and
fumigation when required.
A. Integrated pest control
The rusty grain beetle (RGB), (Cryptolestes ferrugineus), is one of three flat grain beetle species
found in stored grain throughout Australia. They are a small (2mm long), fast moving beetle with
long antennae that readily flies. Sieving grain or using insect probe traps is usually required to detect
this pest as it hides and avoids exposure on the grain surface. See Figure 1.
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In 2007 a strong phosphine resistant strain of RGB was identified which is now present in the
northern and southern grain production regions of Australia. ProFume, (sulfuryl fluoride), may be
required to control an infestation of this resistant RGB.
To reduce the risk of RGB and other common storage pests developing resistance, causing grain
quality problems and delays in marketing, combine the strategies listed below.
Hygiene
Regular clean up of grain residues in empty storages and grain handling equipment significantly
reduces the number of breeding sites for insect pests. For storages and equipment, physically clean
&/or water wash out grain residues and dust on a sunny day, then consider using a diatomaceous
earth (DE) structural treatment. e.g. Dryacide®
Aeration
Fit aeration fans to storages and use them to reduce grain temperature. Cooling grain either slows or
stops the insects breeding life cycle. Rust red flour beetle stops breeding at 20 °C; lesser grain borer
stops at 18 °C; rusty grain beetle (RGB) stops at 17 °C, and all insects stop breeding below 15 °C.
Maximum breeding rates for most storage pests occurs at the typical warm grain temperatures
during harvest of around 30 °C.
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Monitoring grain
Never ‘store and forget’: Sample, sieve and check insect probe traps in your grain at least once per
month. Identify pests and keep monthly storage records, including any grain treatments or
fumigations. See “On‐farm storage Checklist” section.
Grain protectants
Grain protectants are applied to clean grain, typically at harvest time while auguring grain into
storage. They are not registered for use on grain that is already infested with insect pests. Misuse of
these products results in poor adult insect control and selection of resistant insects.
For cereal grains, consider applying grain protectants such as Conserve On‐farm® (Dow AgroScience),
or K‐Obiol® (Bayer) to planting seed in storage, grain held for stock feed on‐farm, or grain held for
extended periods in sheds or other non‐sealable storage where fumigation is not possible.
Prior to using any treatment, always check the label, then discuss with potential grain buyers, as
some markets do not accept grain treatments.
As a resistance management strategy, after two consecutive years of using Conserve On‐farm
(chlorpyrifos‐methyl, S‐methoprene, spinosad), rotate with one year of the Bayer product K‐Obiol
(deltamethrin + piperonyl butoxide).
Storage choices / fumigation
Many older silos were not designed to be sealed gas‐tight for the purpose of fumigation. Fit these
silos with aeration fans and do a good job with hygiene. When buying new silos, look for a quality
design, easy to clean, sealable and fitted with aeration fans.
Ask the silo manufacturer if the silo meets the Australian Standard (AS 2628) for sealable silos (i.e.
passes a pressure test). Aim to have at least two sealable, aerated silos on your farm. This allows you
to achieve an effective fumigation of any infested grain. As a general rule, only leave a silo sealed for
the actual time required for the fumigation period of 7 to 20 days.
Major pests
Table 1. Major pests of stored grain

Lesser grain borer
Rhyzopertha
dominica

Rust red flour beetle
Tribolium castaneum

Rice weevil
Sitophilus oryzae

Sawtoothed grain
beetle
Oryzaephilus
surinamensis

Flat grain beetles &
Rusty grain beetle
Cryptolestes spp

Psocids
Liposcelis spp.
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Aerate grain as soon as it is put into storage. Grain temperatures of less than 23 °C in summer and
less than 15 °C in winter are achievable targets. For reliable results use a good quality automatic
controller to run fans, as they select air with the best temperature and humidity available.

Figure 1. Rusty grain beetle (RGB) Cryptolestes ferrugineus
B. Diatomaceous earth (DE) ‐ storage hygiene treatments
DE is one of the few products available as a silo structural treatment suitable for all cereal grains,
pulses and oilseeds. By using DE, rather than insecticides like fenitrothion, the problem of unwanted
chemical residues on oilseeds and pulses being detected by domestic and export grain buyers is
minimised.
At the start of a recent wheat harvest on the Darling Downs, over 1000 lesser grain borers were
found in the first 30 kg of wheat passing through the header. If the header had been cleaned down
and treated with DE after the previous season’s sorghum harvest, this early infestation problem may
have been avoided. Any warm, sheltered location with grain residues is a good breeding site for
storage pests. The best hygiene results come from physically cleaning out residues, followed by a DE
treatment.
“Clean as you go”, for empty storages and grain handling equipment significantly reduces the
number of pest breeding sites on farm. During most of the year, particularly in the warmer months,
storage pests fly looking for fresh grain to infest.
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DE (amorphous silica) is an inert dust made from the fossil remains of diatom skeletons, which are
known to have insecticidal properties. Diatoms are a type of green or brown algae that grows in
fresh‐water lakes and marine estuaries. There are many thousands of species of diatoms. The
skeleton of each species has a unique size and shape. DE products produced from the various mine
sites in Australia and overseas have different properties. The way DE is processed also affects its
properties. It should therefore be of no surprise that of the several commercial DE products
available to growers in Australia, there is a significant difference in their efficacy against storage
insect pests.
The DAF Qld. Postharvest research team in Brisbane tested the efficacy of four commercial DE
products, plus lime in the laboratory in 2013 and 2014. The most significant difference between
products, was their efficacy against the very common, rust red flour beetle (Tribolium castaneum),
with only two products showing acceptable results. Product performance from best to worst was –
Dryacide®, Permaguard®, Cut’n’dry®, Absorbacide® and AgLime®. See Figure 2.
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Figure 2. Efficacy of four DE products and AgLime over three weeks against Rust Red Flour beetles
(P.Burrill, V.Byrne, A.Ridley 2014)
DE dust particles kill insects by absorbing some of the waxy layer covering the insect’s body. Damage
to this outer ‘water‐proofing wax layer’ leads to desiccation and eventual death over a number of
days. Research in the USA indicates DE’s impact on the insect’s body is both abrasion and
desiccation.
Therefore, DE works best in low humidity conditions. Stored cereal grains, such as wheat, must be
no greater than 12% moisture content, or below 60% relative humidity for DE to be effective.
Application
While the Dryacide® label allows for it’s use as both a structural surface treatment and a grain
treatment (1 kg DE / tonne grain), in most circumstances, the main focus for DE’s use should be for
structural treatment.
Grain treatment
The problem for grain treatments at the label rate of 1 kg DE / tonne of grain is that it affects grain
flow characteristics and therefore handling. It also has an impact on grain ‘angle of repose’. For this
reason most bulk handling companies (e.g. Graincorp etc.) and other grain buyers do not accept bulk
grain treated with DE. Presence of DE in grain can also impact on milling quality and there may be
other specific market objections to DE dust application to bulk grain. Always check before applying it
to grain. Current retail cost for DE ranges from $6 ‐ $10 per kg., making it an expensive treatment for
bulk grain.
Structural treatment – storages & grain handling equipment
DE can be applied to structures and equipment either dry or added to water to form a slurry. The
rate for dry dust application (straight out of the bag) is 2 g/m², which is equivalent to 1 kg of DE over
500 m². A Blow‐Vac gun is one option for application.
DE dust can also be mixed into water at 120 g dust / litre of water, applied at a rate of 5 litres per
100 m² giving an application of approx. 6 g /m² dry basis to the storage structure.
The label specifies a flat fan nozzle with at least 5 litres/minute flow rating, so an XR11015VK
ceramic nozzle would be a suitable choice. The ceramic will withstand the abrasion much longer
than a plastic nozzle. At 3 bar this nozzle will give you 5.9 L/min.
In summary, for all storages and equipment, physically clean &/or water wash, all grain residues and
dust, then consider using a DE structural treatment to deal with any remaining pests.

For further information on DE / Dryacide®, search on www.storedgrain.com.au and
www.entosol.com.au
C Profume® fumigation ‐ when & how to use
ProFume® gas fumigant (998g/kg Sulfuryl fluoride) is currently registered in Australia for the control
of insect pests in stored cereal grains, baled hay, dried fruits, nuts and various other uses as
specified on the current label.
It was registered for use in Australia in 2007 by Dow AgroSciences, about the same time as the
strong resistant strain of rusty grain beetle (RGB) was identified at bulk handler’s depots in Australia.
In recent months (July 2015) Dow AgroSciences, has sold the Profume product business to Douglas
Products LLC based in the USA. However “A‐Gas Rural”, the South Australian based company will
continue to act as the product handling / distribution company
Key points for ProFume ‐ Sulfuryl fluoride (SF):


ProFume, a cylinderised gas, can only be use by approved, licensed fumigators. Contact “A‐
Gas Rural”



Is only registered for cereal grains, ‐ NOT for pulse or oilseeds



Requires a gas‐tight, sealable storage to maintain gas concentrations for the required
fumigation time



SF fumigations with grain temperatures below 20°C give poor insect control results



Fumigation time ( 7 days) is critical to ensure control of the egg and pupae stages of storage
pests

Prior to the recent (2007) appearance of strong phosphine resistant RGB all the major grain storage
pests in Australia were controlled using a phosphine dose rate target that produced at least 300
ppm for 7 days with grain temperatures of 25 °C. This is typically achieved using the current label
does rate in gas‐tight sealable silos that meet the Australian standard AS2628.
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However to control this strong phosphine resistant RGB, research has shown it would now require a
concentration of 360 ppm phosphine gas for a minimum of 27 days. This may be too much to ask of
many good quality sealable storages. Using ProFume (SF) is the logical choice, once strong phosphine
resistant RGB has been identified in a post phosphine fumigation situation.
Fortunately, research has also shown that SF (ProFume) will control this strong resistant RGB. It is
important however to be aware it will normally require 7 day fumigations at 25 °C or higher grain
temperatures to provide reliable control of all the hard to kill egg stage of our major storage pests.
See Figure 3.
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Figure 3. Sulfuryl fluoride (SF) ‐ time and concentration required for control of four major storage
pests; rust‐red flour beetle (blue), rusty grain beetle (red), lesser grain borer (green), rice weevil
(purple) (R.Kaur & M.Nayak 2014)
Costs
Currently the ProFume gas product costs about $31 per kg. With a standard dose of 35g/m³, this
would use 4.4 kg for a silo that can hold 100 tonne of wheat (125 m³). So Profume product cost is
about $1.40 per tonne.
To this cost, we also need to add travel and application costs required by the licensed fumigator.
This typically brings total ProFume treatment costs into the range of $4 to $7 per tonne.
Phosphine tablet product costs growers about 40c per tonne. To this add application labour costs.
ProFume and resistance management
Despite ProFume’s relatively high cost, it is very valuable to the Australian grain industry for its key
role in dealing with the strong phosphine resistant rusty grain beetle (RGB) (Cryptolestes
ferrugineus).
It is important we use ProFume (SF) correctly to maintain it’s efficacy in the grains industry, which
includes this important function as a resistant management tool to rotate with phosphine gas.
Use of Profume in situations that result in “under‐dosing” insects in poorly sealed storages, or using
short fumigation exposure times, will only see insects quickly develop resistance to yet another
valuable product.

D Checklist for on‐farm storage – AAA score
Most producers have developed mutually beneficial business relationships with one or more grain
buyers / traders/ end users. It is in the interest of growers, buyers and the industry as a whole to see
‘on‐farm storage facilities’ well managed and as a profitable part of the farm business.
The aim of the a checklist is to assist grain producers to move towards ‘best practice for their farm
storages facilities’. In doing so, individual producers build a reputation as reliable suppliers of good
quality, insect free grain. Over time, this builds confidence and profitability for both producer and
grain buyer. For the Australian industry, there are cost savings for everyone along the value chain as
grain moves to domestic & export markets.
A “Stored grain checklist” is available from the stored grain website at www.storedgrain.com.au or
contact Philip Burrill on philip.burrill@daf.qld.gov.au or 0427 696 500 and he will be happy to email
it to you.
With a copy of the electronic word document, grain growers and others can add or delete items to
suit their own storage facilities and grain trading situations.
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DA00137: Improved options for fleabane control in the Northern Region
UQ00055: Improving IWM practices in the Northern region
UQ00062: Improving IWM practices in the Northern region
Take home messages
1. Glyphosate resistant and tolerant weeds are a major threat to our reduced tillage cropping
systems
2. Although residual herbicides will limit re‐cropping options and will not provide complete control,
they are a key part of successful management
3. Double‐knock herbicide strategies (sequential application of two different weed control tactics)
are useful tools but the herbicide choices and optimal timings will vary by weed species
4. Incorporate other weed management tactics e.g. crop competition to assist herbicide control
5. Cultivation may need to be considered as a salvage option to avoid seed bank replenishment
The issue
Weed management, particularly in reduced tillage fallows, has become an increasingly complex and
expensive part of cropping in the northern grains region. Why? ‐ Our heavy reliance on glyphosate
has selected for species that were either naturally more glyphosate tolerant or selected for
glyphosate resistant populations. Two of the key weeds that are causing major cropping headaches
are flaxleaf fleabane (Conyza bonariensis) and feathertop Rhodes grass (Chloris virgata):
Flaxleaf fleabane
For nearly two decades, fleabane has been a major weed management issue in the northern
cropping region, particularly in reduced tillage systems. Fleabane is a wind‐borne, surface
germinating weed that thrives in situations of low competition. Germination flushes typically occur
in autumn and spring when surface soil moisture levels stay high for a few days. However
emergence can occur at nearly all times of the year.
One of the key issues with fleabane is that knock‐down control of large plants in the summer fallow
gives variable results and is also very expensive.
Resistance levels
Glyphosate resistance has been confirmed in fleabane. There is a large amount of variability in the
response of fleabane to glyphosate with many samples from non‐cropping areas still well controlled
by glyphosate whilst increased levels of resistance are found in fleabane from reduced tillage
cropping situations. The most recent survey has focused on non‐cropping situations with a large
number of resistant populations found on roadsides and railway lines etc where glyphosate alone
has been the principal weed management tool employed.
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Farming systems strategies to manage fleabane and feathertop Rhodes grass

Non chemical strategies
a) Crop competition
Although large fleabane can be extremely difficult and expensive to control in a summer fallow,
seedling fleabane is generally poorly competitive. A valuable component of fleabane management is
to utilise the benefits from crop competition to aid overall management e.g. substituting wheat with
barley, sowing on narrower row spacings where possible and ensuring that planting rates are kept
high. Frequently the ‘blow out’ scenarios for fleabane are where skip row or poorly competitive
crops are grown without any effective fleabane herbicide management.
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Figure 1. Effect of row spacing and plant population on fleabane population at Trangie in 2011 (NSW
DPI)
b) Cultivation
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Fleabane is a weed that proliferates in no‐till farming systems. Part of the reason is that many
populations of fleabane have a level of resistance to glyphosate but it is also due to the ecology of
the weed. Fleabane requires light and a temperature of between 10‐25°C (optimal 20°C) for
germination and will only emerge from the top 1 cm of soil. No seedlings emerge from a depth of 2
cm or below (Widderick, 2009).
Cultivation to bury seed to a depth deeper than 1 cm can be an effective tool to manage fleabane
populations. Although this approach can dramatically reduce fleabane emergence numbers, it also
increases the longevity of the seed i.e. seed that is buried will not germinate but it will remain viable
for a longer period. An occasional cultivation can be a useful tool for seed bank management but this
is not a technique to utilise frequently as it will simply return viable seeds to the soil surface.
Cultivation may also be a viable option for salvage management. Where ‘blow outs’ occur this may
be the only economic option to effectively control large flowering plants.
c) Monitoring
Monitoring is a key part of any weed management but is particularly important for fleabane.
Fleabane can survive at small growth stages under a competitive crop and be easily overlooked.
However once the crop is removed, the weed develops very quickly and the opportunity for effective
control can be missed if monitoring isn’t conducted.
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Fleabane management improved dramatically when we stopped targeting large plants in the
summer fallow as the primary management timing and started to focus management on the winter
crop phase. There are three key stages where herbicides can be useful to manage fleabane
populations; pre plant, in‐crop and post‐harvest.
a) Residual herbicides (fallow and in‐crop)
One of the most effective strategies to manage fleabane is the use of residual herbicides in fallow or
in‐crop. Trials have consistently shown good levels of efficacy from a range of residual herbicides
commonly used in sorghum, cotton, chickpeas and winter cereals.
There are at least three registrations for residual fleabane management in fallow:
Residual control only:
Balance® (750g/kg isoxaflutole) at 100 g/ha
Terbyne® Xtreme (875 g/kg terbuthylazine) at 0.86‐1.2 kg/ha
Residual (and knockdown) in fallow:
FallowBoss® Tordon® (300g/L 2,4 D + 75g/L picloram + 7.5g/L aminopyralid)


at 700mL/ha + Ripper® (480g/L glyphosate) at 1.5‐2.25L/ha +/‐ a double knock of
Spray.Seed® (135g/L paraquat + 115g/L diquat) at 1.6L/ha, at least 4 months prior to
planting sorghum or winter cereals



at 700 mL/ha + atrazine (600 g ai/L) at 3‐5 L/ha, at least 4 months prior to planting sorghum

Tordon® 75 D (300g/L 2,4 D + 75g/L picloram) at 0.7 L/ha + glyphosate
Additional product registrations for in‐crop knockdown and residual herbicide use, particularly in
winter cereals, are still being sought. There are a range of commonly used winter cereal herbicides
with useful knockdown and residual fleabane activity. Trial work to date has indicated that
increasing water volumes from 50‐100 L/ha may help the consistency of residual control with
application timing to ensure good herbicide/ soil contact also important.
b) Knockdown herbicides (fallow and in‐crop)
Group I herbicides have been the key products for fallow management of fleabane with 2,4 D amine
and picloram/2,4‐D products the most consistent herbicides evaluated. Despite glyphosate alone
generally giving poor control of fleabane, trial work has consistently shown a benefit from tank
mixing glyphosate with 2,4‐D and picloram/2,4‐D products in the first application. Registrations for
knockdown management in fallow or crop include:
Knockdown in fallow:


Amicide® Advance (700g/L 2,4‐D) at 0.65‐1.1 L/ha + Weedmaster DST (470g/L glyphosate) at
a min of 1.4 L/ha. Follow with a doubleknock of Nuquat® (250g/L paraquat) at 1.6 ‐2.0 L/ha
when weeds are from stem elongation to flowering.



FallowBoss Tordon at 700 mL/ha + Ripper® at 1.5‐2.25 L/ha (can also be followed with
Spray®Seed at 1.6 L/ha as a double‐knock) – prior to winter cereals or sorghum



Tordon® 75 D (2,4 D + picloram) at 0.7 L/ha + glyphosate



Sharpen® (700g/kg saflufenacil) at 17‐34 g/ha + Hasten® spray oil +/‐ glyphosate

Knockdown in winter cereals:


Amicide Advance at 1.5L/ha
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Herbicide strategies



FallowBoss Tordon at 300 mL/ha



Hotshot® (10g/L aminopyralid + 140g/L fluroxypyr) at 750 mL/ha + either metsulfuron 5 g/ha
(600 g ai/kg) or MCPA LVE 580 mL/ha (600 g ai/L) (refer to label for appropriate growth
stages)



Lontrel® Advanced (600g/l clopyralid) at 150mL/ha



Paradigm® (200g/kg halauxifen Group I + 200g/kg florasulam Group B) at 25 g/ha + MCPA
LVE at 300‐600 mL/ha (600 g ai/L)

c) Double‐knock control
The most consistent and effective double‐knock control of fleabane has involved including 2,4 D or
picloram/2,4‐D products + glyphosate in the first application followed by paraquat as the second.
Glyphosate alone followed by paraquat will result in high levels of leaf desiccation but plants will
generally recover.
Timing of the second application in fleabane is aimed at ~7‐14 days after the first application.
However the interval to the second knock appears quite flexible. Increased efficacy is obtained when
fleabane is actively growing or if rosette stages can be targeted. Although complete control can be
obtained in some situations e.g. summer 2012/13, control levels frequently only reached ~70‐80%,
particularly when targeting large flowering fleabane under moisture stressed conditions. The high
cost of fallow double‐knock approaches, and inconsistency in actual control level of large mature
plants, is a key reason that proactive fleabane management should be focussed at other growth
stages.
Key points fleabane


Thrives in situations of low competition; avoid wide row cropping unless effective residual
herbicides are included



Tillage can have a role for both seed burial and for salvage management, but will not be
effective for seed burial if used too frequently



Successful growers have increased their focus on fleabane management in winter (crop or
fallow) to avoid expensive and variable salvage control in the summer



Utilise residual chemistry wherever possible and aim to control ‘escapes’ with camera spray
technology



2,4 D or picloram/2,4‐D is a critical tool for consistent double‐knock control
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Feathertop Rhodes grass (FTR)
FTR has emerged as an important weed management issue in southern Qld and northern NSW since
~2008. It is another small seeded weed species that germinates on, or close to, the soil surface. It
has rapid early growth rates and can become moisture stressed quickly. FTR prefers situations of
low competition for establishment but similar to fleabane is a tough competitor once well
established. FTR generally will germinate more quickly and on smaller rain events than many other
weed species and is often seen as an ‘early coloniser’. Although FTR is well established in central Qld,
it is still more frequently an ‘emerging’ threat further south.
Two FTR characteristics that can be useful to assist control are that seed viability does not appear to
be improved by seed burial (common for a lot of other weeds) and the seed longevity is short (~12
months). This means if effective control strategies can be used for a period of ~12‐18 months, FTR
problem paddocks can often be quickly returned to full production.
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Weed scientists do not consider FTR to be resistant to glyphosate as there has never been an actual
label claim for this weed. However it is clear that many populations are tolerant of glyphosate ie will
not be controlled by glyphosate. From a management viewpoint, the result is the same; fallow
management relying on glyphosate as the primary herbicide will select for FTR (or fleabane)
populations.
Non chemical strategies
a) Crop rotation
In SQ and Nthn NSW, FTR is predominantly a spring to autumn management problem. Strategies of
increased crop competition in winter have not yet been shown to be important management tools
but crop rotation is certainly important. Sorghum is frequently seen as ‘blow out’ crop, despite
useful but relatively short lived residual herbicide options. The issue in sorghum is that there is little
or no opportunity for a selective herbicide to be used to control late in‐crop germinations of FTR.
This becomes an ideal scenario for FTR build‐up particularly when combined with the wide or skip
row configurations. Crops such as mungbeans and sunflowers are better options for FTR
management as they allow a combination of residual herbicides and also in‐crop post emergence
control measures. Mungbeans may also provide a benefit by providing rapid row closure and
increased levels of competition.
Winter crop options such as wheat and chickpeas also allow the use of in‐crop herbicides that can
assist with summer grass weed control.
b) Cultivation
Cultivation to bury seed is an effective strategy for managing FTR seed banks but will need to be
combined with other management strategies for full control e.g. use of residual herbicides.
Cultivation may also be a viable option for salvage management. Where ‘blow outs’ occur this may
be an economic option to effectively control large flowering plants.
c) Burning
Trial work conducted by DAF has shown promise from the use of burning, for the control of mature
FTR plants. However, for the plants to be dry enough to carry a fire, they will have already returned
vast quantities of seed to the soil. Burning removes the bulk of vegetative material (and enables
residual herbicides to actually contact the ground) and can also be an effective tool for reducing the
viable seed bank. This is certainly not a primary strategy for FTR management but may be an option
in ‘blow out’ scenarios.
d) Patch management
Although FTR can be wind dispersed, it is frequently found in reasonably defined patches compared
to weeds such as common sowthistle. This habit allows for a range of techniques to be employed on
a patch management scale if monitoring is effective e.g. for small patches or new incursions,
chipping, pulling, spot spraying or even cultivation can be employed and for mature plants burning
may be employed followed by strategic cultivation and or the use of residual herbicides. Time spent
trying to eliminate FTR at this stage can prevent a lot of long term management issues.
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Tolerance to glyphosate

Herbicide strategies
a) Residual herbicides (fallow and in‐crop)
FTR is generally poorly controlled by glyphosate alone, even when sprayed under favourable
conditions at the seedling stage. Trial work has shown that residual herbicides generally provide the
most effective control, a similar pattern to that seen with fleabane. A wide range of currently
registered residual herbicides are being screened and offer promise in both fallow and in‐crop
situations. The only product currently registered for FTR control is Balance at 100 g/ha for fallow
use.
b) Knockdown herbicides (in‐crop)
Currently the only registrations for knockdown of FTR are from the use of Group A herbicides
(butroxydim, clethodim) in cotton, mungbeans and other broadleaf summer crops.
c) Double‐knock control
A glyphosate followed by paraquat double‐knock is a very effective strategy on barnyard grass,
however the same approach is variable and generally disappointing for FTR management. Research
has shown that a small number of Group A herbicides (in particular the ‘fop’ class) can be effective
against FTR (although none currently registered). Permit applications need to be managed within a
number of constraints.
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Although they can provide high levels of efficacy on fresh and seedling FTR, they need to be
followed by a paraquat double‐knock to get consistent high levels of final control



Group A herbicides have a high risk for resistance selection, again requiring follow up with
paraquat



Many Group A herbicides have plantback restrictions to cereal crops



Group A herbicides generally have narrower windows of weed growth stage for successful
use than herbicides such as glyphosate ie Group A herbicides will generally give
unsatisfactory results on flowering and/or moisture stressed FTR



Not all Group A herbicides are effective on FTR

A permit (PER12941) has been issued, in Qld only (Expires 31 Aug 2016), for the control of 3‐leaf to
early tiller FTR in summer fallow situations prior to planting mungbeans. It is for 520g/L haloxyfop at
150 ‐300 mL/ha followed by paraquat at a minimum of 1.6 L/ha, within 7‐14 days after the first
application.
Timing of the second application for FTR is still being refined but application at ~7‐14 days generally
provides the most consistent control. Application of paraquat at shorter intervals can be successful,
when the Group A herbicide is translocated rapidly through the plant, but has resulted in more
variable control in field trials.
Key points Feathertop Rhodes grass (FTR)


Treat patches aggressively, even with cultivation or burning, to avoid paddock blow outs



Glyphosate alone or glyphosate followed by paraquat is generally poor



Utilise residual chemistry wherever possible and aim to control ‘escapes’ with camera spray
technology



A double‐knock of Verdict® followed by paraquat can be used in Qld under permit prior to
planting mungbeans where large spring flushes of FTR occur
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There are a number of common threads in the management of both fleabane and FTR.


They are difficult and expensive to control in summer fallow, with variable results often
obtained



However both are sensitive to a wide range of registered residual herbicides



Both weeds establish rapidly in min till systems particularly in low crop competition
scenarios



Neither weed establishes well when the seed is buried to 2 cm or deeper



Neither weed can be successfully controlled by a single strategy



A planned combination of herbicide and non‐herbicide strategies is needed for effective
management



Double knock herbicide strategies are very useful but only a component of the overall
package



Seed persistence is relatively short, so an aggressive approach of 100% control for ~2
seasons can rapidly deplete the seedbank.
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Take home message


The amount of N fixed by a pulse crop is largely influenced by how well that crop grows. More
crop biomass =more N fixed by that crop provided it is well nodulated.



The amount of N fixed by a legume does not equal the amount available for the next crop. N is
removed in the harvested grain and that N remaining in the crop residue then needs to be
mineralised by microbial activity before it is available to the next crop.



Row spacing in chickpeas of 0.25 lead to greater biomass, yield and increased N fixation than at
1.0m



Sowing at the optimum time for maximum crop biomass leads to greater amounts of N fixed.

Nitrogen fixation
In Australia, legume‐rhizobia associations are estimated to fix approximately 2.7 million tonnes of
nitrogen (N) each year, worth about $4 billion. On average, this equates to about 110 kg of N per
hectare per year, however the range of values can be from zero to 400 kg N/ha.
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The actual amount fixed depends on the species of legume grown, the site and the seasonal
conditions as well as agronomic management of the crop or pasture. The legume crop uses this N
for its own growth and may fix significantly more than needed, leaving a positive N balance in the
soil for proceeding crops. Estimates of the amounts of N fixed annually by some crop legumes in
Australia are given below in Table 1. These are averages based on many studies over many seasons
so do not represent every paddock. They do indicate the relative differences between legume
species in their capacity to fix N.
The amount of N fixed by a legume increases as legume biomass increases but is reduced by high
levels of soil nitrate. In general, legume reliance on N fixation is high when soil nitrate levels are
below 50 kg N/ha in the top metre of soil. Above 200 kg N/ha, nitrogen fixation is generally close to
zero. The fixed N is used for the growth of the legume itself (saving fertiliser application of the
legume crop) as well as potentially leaving residual N for the following cereal or oilseed crop and
providing a break from cereal stubble and soil‐borne diseases.
Maximising N fixation in grain legumes is dependent on firstly inoculating the legume seed with the
appropriate rhizobia strain (Group), then optimising basic agronomy so as to maximise legume
productivity. Nitrogen fixation is directly related to biomass production for a particular species if
that crop is well nodulated. Other factors though such as soil nitrate levels will influence the amount
of N fixed by that crop.
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Table 1. Estimates of average amounts of N fixed annually by different crop legumes in Australia.
Legume
%N fixed
Shoot dry matter (t/ha)
Total crop N
Total N fixed (kg/ha)
(kg/ha)
Soybean
48
10.8
373
180
Faba bean
65
4.3
172
110
Pea
66
4.8
162
105
Peanut
36
6.8
268
95
Chickpea
41
5.0
170
70
Mungbean
31
3.5
109
34
Navy bean
20
4.2
148
30
Agronomy influences N fixation
The impacts of varying agronomic practices on N fixation are being assessed on trials grown in
different environments under the GRDC Pulse Agronomy Initiative in the northern region. Two
aspects, row spacing and time of sowing, will be discussed below.
Row spacing
Two trials conducted recently on the Downs (near Goondiwindi and Dalby) were assessed for the
amount of N fixation at different row spacings (all at the same plant population of 30 plants/m2.)
Yields were considerably lower at the Goondiwindi site (ranged from 1.5 to 2.1 t/ha) compared to
the Dalby site (from 3.2 to 4.7 t/ha) due largely to better seasonal conditions at Dalby, and there was
a significant site x genotype x row spacing interaction. Generally, yield and biomass production were
reduced as row spacing increased but the amount differed for each genotype. There were no
differences in N fixation amongst varieties but row spacing significantly decreased the percent of N
fixation (also called %N derived from the atmosphere or %Ndfa) and the total amount of N fixed,
particularly at the Dalby site (Table 2).
Up to 59 kg N/ha remained at the Dalby site when chickpeas were grown on 0.25m rows but only 23
kg N/ha from the 1.0 m row spacing. At Goondiwindi, the net N balance ranged from 6 down to ‐6
kg N/ha as row spacing increased from 0.25m to 1.0m. As a crops’ demand for N increased so did
the N fixation by that crop as seen at our Dalby trial grown under better seasonal conditions.
Table 2. Reduction in biomass, N fixation (%N derived from the atmosphere or %Ndfa) and total
amount of N fixed in chickpea (meaned across 3 genotypes) as row spacing in the field increases.
Shoot dry weight
(t/ha)
Row
spacing
(m)

%Ndfa

Total crop N fixed
(kg/ha)

N balance (kg/ha)

Dalby

Goondi

Dalby

Goondi

Dalby

Goondi Dalby

Goondi

0.25

9.89

4.75

61.0

39.2

187.3

62.8

59

6

0.5

9.25

4.23

55.8

33.9

161.9

48.0

45

‐5

1.0

7.96

3.59

47.6

35.4

122.5

42.0

23

‐6

LSD
(P=0.05)

1.12

0.67

7.0

n.s.

31.5

16.3

n.s.

n.s.

Time of sowing
Sowing on time to take full advantage of soil water and growing conditions that maximise crop
production can make a significant impact on amount of N fixed. The graph below gives an indication
of the impact that time of sowing of soybeans can have on N fixation comparing soybeans planted in
the middle of the appropriate planting window with late in that window . Figure 1 show that for two
different soybean varieties (NF246‐64 and PR443) as much as 150kg/ha less N is fixed due to the
shortened growing season. However, increasing the plant population becomes very important for
improving the proportion of N that is fixed if time of sowing is delayed.

Figure 1. Nitrogen fixation is reduced when soybeans are sown late in the planting window
(LSD (5%)= 33.2 ) .
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Figure 2. Higher plant populations compensate partially for a later planted soybean crop in terms of
N fixation (LSD (5%) = 8.7)
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Take home message


Changes in agronomy can affect yield of chickpea and fababean.



In general increasing row spacing may decrease yield of chickpea and fababean varieties, even in
a dry season.



Optimising time of sowing and row spacing can improve yields in fababean.



Plant population has less impact on yield – continue with current recommendations.



Pulse crops should not only be considered as break crops but also viable, profitable cropping
options.

Background and aims
Despite the potential environmental and economic benefits, the adoption of winter and summer
pulse crops in the Queensland Grains Region is around 8% and 4% of total cropping area
respectively, much less than what is required to keep grain cropping systems profitable in the long
term. To increase the share of pulses in the total cropping area, strategies are required to enable
growers to more consistently realise the potential productivity and profitability of pulse cultivars in
their farming systems.
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Winter pulses (chickpea and fababean) currently comprise approximately 8% of total cropped area in
the Queensland Grains Region although the adoption varies from 5 to 12% depending on the
growing region. Chickpea (Cicer arietinum) is the most adapted winter pulse crop in the Queensland
with the area expanding to historically high levels in 2010. Seasonal yields of chickpea ranged from
0.5t/ha to 2t/ha depending on the timing and severity of biotic and abiotic stresses during the
growing season. Although yields as high as 4.0t/ha have been achieved in varietal evaluation trials in
favourable environments through optimal combination of varieties and management, the average
yield during the 2008 – 2011 was approximately 1.2t/ha in the focus regions included in this project
(ABS statistics, 2014), suggesting a significant gap between seasonal potential and harvested yields.
Fababean (Vicia faba) is gaining popularity in the northern grains region thanks to higher prices in
recent seasons and improved varieties. Although southern regions dominate the production for
Australia; Northern NSW and Southern Qld are looking more favourably upon fababean as part of
their rotation as a break crop for disease and for its nitrogen fixing ability. Yield of fababeans ranges
from 2‐4t/ha however the pulse agronomy trials have shown a potential of up to 6t/ha.
Although the area sown to winter pulses in Queensland has increased over the last three years,
there have been many challenges for growers with erratic seasonal conditions and a range of disease
pressures on yield and quality. Growers’ attitude to pulse crops is also influenced by forecast prices
relative to other cropping options including cotton and experiences from the previous season. The
area of winter pulses in the region needs to be stabilised and the reliability of achieving seasonal
yield potential improved.
One of the main aims of the project is to not only to get an increase in yields for winter and summer
pulses, but to also improve the reliability of yields. When the risk in getting reliable yields in varied
environments and seasons is reduced then pulses will not just be considered as a break crop in a
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As an example, with mungbean yields averaging around 1t/ha in southern Queensland and a long
term price of $750/t, an increase in yield of 10% could mean an extra return of $75/ha. Across a
growing area of approx. 40,000ha this could mean an additional $3 million of returns to growers.
The Pulse Agronomy project has consulted widely within the pulse industry to determine the
priorities to be investigated throughout the term of the project and to assist in developing trials and
subsequently answers to new questions that arise.
This paper presents highlights of chickpea and fababean agronomy trials aimed at investigating row
spacing and plant population effects on the yield performance of commercially relevant varieties
including a pre‐release line grown dryland during the 2014 winter season.
FABA BEAN
1.1 Garah
The trial design consisted of 3 varieties Cairo , PBA Warda and a pre‐release line X220‐D grown
at 4 row spacings (0.25m, 0.5m, 0.75m and 1.00m) with a targeted density of 25 plants/m2. The trial
was planted on grey vertosol which had been on a long fallow prior to planting. The crop received
96mm of in crop rain.
Results
Overall, above average yields were obtained at the Garah site and significant effects of the
agronomic treatments. The highest yielding treatment was 60% greater than the lowest yielding
treatment. There was deemed to be no significant difference overall between the cultivars PBA
Warda and Cairo however the breeding line X220‐D performed significantly better than the
other two varieties (Table 1).
Table 1. Effect of cultivar on yield, Garah (LSD = 0.482)
Cultivar

Grain yield (t/ha)

PBA Warda

4.41b

Cairo

4.09b

X220‐D

4.94a

The narrow row spacing of 0.25m has significantly out yielded other spacings at 5.51t/ha (Table 2).
X220‐D was significantly higher yielding than the other two cultivars at 0.25m and at 0.5m while
there was no significant difference between the cultivars at 0.75m or 1.0m.
Table 2. Effect of row spacing on yield, Garah (LSD = 0.513)
Row
Spacing

0.25

0.5

1.0

Mean Yield

5.51

4.95

3.25

Similar to the Warra site, the same trend can be found when comparing the effect of row spacing
and cultivar on yield, narrower rows are gaining the highest yields (Fig 1). The pre‐release variety,
X220‐D yielded 20% greater in the 0.25m and 0.5m treatments than both PBA Warda and Cairo .
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cereal rotation or as an opportunistic cash crop but as a crop that can be considered a reliable and
profitable part of the farming enterprise.

Figure 1. Effect of row spacing and cultivar on yield of fababean, Garah, winter 2014
1.2 Warra
The trial design consisted of 2 varieties PBA Warda and X220D (a pre‐release line) grown in 4 row
spacing (0.25m, 0.5m, 0.75m and 1.00m) at a density of 30 plants/m2. The soil type is a grey
cracking clay vertosol and the trial was planted on an available water content of 140mm in 0‐ 120cm
profile. The crop received 113mm rainfall during the season.
Results
Overall, there was no significant difference between the two cultivars (Table 3). However, significant
effects of the agronomic treatments were observed with both varieties responding positively to
decreasing row spacing.
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Table 3. Effect of cultivar on yield, Warra, winter 2014 (LSD = 0.4915)
Cultivar

Grain yield (t/ha)

PBA Warda

3.081

X220‐D

3.252

When comparing the row spacing there is a trend indicating that narrower rows are producing
higher yields. There is significant difference in yield between the 0.25m and 0.5m spacing as well as
between 0.75m and 1.0m (Fig 2) However, the yield response of the pre‐release line X220‐D to
decreasing row spacing was consistent whereas the yield increment between 0.50m and 0.25m was
marginal for PBA Warda .
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Figure 2. Effect of row spacing on yield of two faba bean varieties, Warra, winter 2014 (LSD 0.0527)
2. Effect of time of sowing on yield of faba bean
This preliminary trial was planted and managed by Glenn Milne near Dalby. The variety PBA Warda
was planted into standing corn stubble on a well‐structured, uniform deep to very deep, fine, self‐
mulching, cracking clay, with a targeted plant population of 25plants/m2 on 32cm row spacing and
there were three times of sowing:
1. 23 April 2014
2. 19 May 2014
3. 9 June 2014
There was a linear reduction in yields as the planting time delayed beyond 23 April (Fig 3). However,
there was no significant difference in yield between the first and second dates nor the second and
third dates but there is between the first and third dates. The first planting date (23 April) had the
highest yield at 1.82t/ha, followed by the second date at 1.43t/ha and then the latest at only
0.99t/ha. This trend indicates that there is a need to investigate earlier dates of sowing with more
varieties for the Southern Downs region for achieving higher yields.

b

Figure 3. Effect of time of planting on yield of faba bean, Dalby, 2014 winter (LSD = 0.593)

3. CHICKPEA
Effects of Row spacing
3.1 Dalby
The row spacing trial design was based on genotype (3 varieties PBA HatTrick , PBA Boundary
and CICA0912 an advanced breeding line), four row spacing treatments (0.25m, 0.50m, 0.75m and
1.00m). A separate plant population trial with the same varieties and 4 plant densities (10, 20, 30
and 40 plants/m2) was also conducted planted on 50cm row spacing.
The trial was planted on a well‐structured, uniform deep to very deep, fine, self‐mulching, cracking
clay at a starting mositures of 143mm in 120cm profile. The crop received 113mm of rain during the
growth phase.
Results
At the Dalby site, no significant difference was found between the varieties however CICA0912 was
found to achieve the highest yield in both the 25 and 50cm row spacing, with a 30% yield increase
over PBA HatTrick and a 20 % increase over PBA Boundary (Fig 4). At the 25cm row spacing,
there was no significant difference between CICA0912 and PBA Boundary but there was between
CICA0912 and PBA HatTrick and also not between PBA Boundary and PBA HatTrick . There were
no sig. differences between varieties found at 50cm or 100cm.
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Figure 4. The effect of row spacing and cultivar on yield at Dalby, winter 2014
3.2 Billa Billa
The trial site was 40km NE of Goondiwindi on a well‐structured, uniform deep to very deep, fine,
self‐mulching, cracking clay, grey vertosol and was planted into standing wheat stubble. The starting
soil water content was 132mm in 120cm profile and the crop received 82mm of in‐crop rain.
The row spacing treatments were the same as those used at Dalby.
Results
There was no significant difference between cultivars at Billa Billa nor between 25cm and 50cm rows
(except for PBA Boundary ), however there is difference when it comes to the 1.0m rows (Fig 5).
From this trend it can be assumed that 1.0m row spacing is not optimal at this site.
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Figure 5. The effect of row spacing and cultivar on yield at Billa Billa, winter 2014 (LSD = 0.323)
Water use efficiency
Water use efficiency is a valuable measure of the potential suitability of a crop especially in the
northern grains region farming systems where rainfall can be limited and temperatures high. Values
for chickpeas are usually in the range of 7 to 8 kg/ha/mm water used, at Billa Billa, above average
water use efficiencies were achieved.
Narrow row‐spacing produced the highest WUE and PBA Boundary produced a higher WUE but
statistically it was the same as was achieved by PBA HatTrick (Fig 6). Effects of row spacing was
significant with 25cm resulting in higher WUE (13.l kg/mm) compared to 8.4 kg/mm in 100cm rows.
However, cultivar differences for WUE was not significant. A statistically higher result in all three
cultivars in the 25cm spacing over 100cm.

Figure 6. The effect of row spacing and cultivar on water use efficiency at Billa Billa, winter 2014

3.3 Garah
The trial design was the same as at the Dalby site, the chickpeas were planted into standing wheat
stubble into a grey vertosol soil, with low planting moisture but opportunistic rain post planting,
however a total of only 58mm in crop rain.
Results
Overall, low to average yields were obtained at the Garah site but significant affects from the
agronomic treatments were achieved (Fig 7). The lower yields were due to a very low starting
moisture and low rainfall throughout the season.
The highest yielding treatments being all varieties on 25cm, were 66% greater than the lowest
yielding treatment (varieties at 100cm). There was deemed to be no significant difference overall
between the cultivars. With the row spacing trial the trend is indicating that narrower row spacings
are achieving higher yields in all three cultivars.
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Figure 7. The effect of row spacing and cultivar on yield at Garah, winter 2014 (LSD = 0.288)
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3.4 Warra
The trial design was the same as Dalby and Garah and the soil type was a grey cracking clay vertosol.
Results
On average, higher yields were obtained at the Warra site than at Billa Billa and Garah, and again
significant affects from the agronomic treatments were achieved (Fig 8).
The highest yielding treatments being all varieties on 25cm, were greater than the lowest yielding
treatment (varieties at 100cm). There was significance between each row spacing of each variety
however there was deemed to be no significant difference overall between the cultivars. With the
row spacing trial the trend is indicating that narrower row spacings are achieving higher yields in all
three cultivars.
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Figure 8. The effect of row spacing and cultivar on yield at Warra, winter 2014 (LSD = 0.3379)
Water use efficiency
Slightly lower WUE’s were achieved at the Warra site (grand mean 8.3) which only achieved average
WUE compared with the Billa Billa site (grand mean of 10.7) which is considered above average.
Row spacing had significant effect on WUE with narrow row‐spacing producing the highest WUE and
CICA0912 produced higher WUE but statistically there was no difference in the WUE across cultivars
(Fig 9). There was however a statistically higher result in all three cultivars in the 25cm spacing over
100cm.

Figure 9. The effect of row spacing and cultivar on water use efficiency at Warra, winter 2014
(LSD= 1.77)

4.0 Mungbeans
The first summer pulse trials were established in the 2013/14 seasons and replicated again in
2014/15. The initial trials were based on a population trials with 3 varieties (Jade‐AU , Crystal ,
and a pre release lines from the breeding program), planted at 10, 20, 30 and 40 plant/m2, on 50cm
rows with 3 reps of each. In the first season 2 sites were planted at Warra and Dalby on the Darling
Downs. In the 2014/15 season 4 sites were planted, again at Warra and Dalby, with additional sites
at Billa Billa and Miles.
Row spacing trials were planted with a target population of 25plants/m2. The row spacing
treatments were 25, 50, 75 and 100cm in 2013/14 and 25, 50 and 100cm in 2014/15.
The comparison of the weather between the 2 years of trials is quite stark with 2013/14 being very
hot and dry, while the 2014/15 season was relatively mild for a summer plant mungbean crop.
Figure 10 depicts the weather for Warra over the 2 seasons with above average high temperatures
and limited rainfall (55mm in 11 falls) in 13/14, while milder high temperatures and much more in
crop rain lead to a doubling of yields at this site.
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Figure 10. Comparison of 13/14 and 14/15 summers at Warra
In the 2 sites for 13/14 Jade‐AU was the highest yielding variety across all row spacing
treatments, followed by the other commercial large seeded variety Crystal. The small seeded pre
release variety MO9246 (since released as Celera II) was much quicker to flowering and maturity and
prior to harvest a portion had shelled out of the pods, losses were estimated to be as high as 30%
however the stated results are as harvested and not adjusted for loss.
The highest yields at Warra were in the 25cm row spacing at 1.219t/ha, although this was not
significantly better than the other row spacing treatment, with the lowest of 0.972t/ha for the 1m
treatment.
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Figure 11. Grain yield of mungbeans at Warra by variety and row spacing treatment (LSD 370kg)
The 2014/15 results have not been fully analysed at the time of writing however some of the results
from the Warra site have been included as a comparison to the much drier season before. In the
much better weather conditions of 2014/15 yields were doubled that of the previous season.
The 2014/15 results have confirmed that Jade‐AU has performed better than Crystal and 2 pre
release lines (discussion limited to the commercial available varieties).

Figure 12. Warra 2014/15 mungbean variety yields, all row spacings (LSD 5% 562 kg)

The yield differences between the varieties were not significant, there is significant difference
between 0.25 and 0.5m and the 1m spacing. Crystal was the only variety that had no significant
difference across row spacings, the other varieties all had lower grain yields at 1m.

Figure 13. Warra 2014/15 mungbean grain yields variety x row spacing (LSD 5% 704kg)

Summary and conclusion
Narrower rows (0.25m and in some cases 0.5m) gave significantly higher yields for all pulse varieties
at all sites. Narrow rows did not result in yield reduction even under drier conditions.
The pre‐release faba bean variety, X220‐D yielded 20% greater in the 0.25m and 0.5m treatments
than both PBA Warda and Cairo .
Earlier time of sowing dates showed to be achieving higher yields in fababean but more investigation
on earlier planting dates is required.
2014 was the second winter season where these trials were conducted; the results achieved in 2014
were also consistent with the results from 2013.
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Across the sites where WUE was measured, narrower rows consistently produced higher water use
efficiency.
Trials are continuing in 2015 to confirm the trends seen in 2014, following harvest and analysis of
2015 winter some firm recommendations can be made around plant populations and row spacings.
Populations are not as important in determining yields and the current industries recommendations
should remain as the target populations. The fact that lower populations are not reducing yields
significantly may help in making replanting decisions when establishment is effected by other
factors.
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Early plant sorghum currently offers a more attractive proposition to growers than late plant
sorghum, mostly for logistical and rotational reasons.



Yields during the trial seasons 2010‐2013 were generally more than 1.0 t/ha higher than the long
term average for this region. In these seasons, yield declined as effective row spacing increased.
Solid plant > single skip = super wide > double skip where average site yields were 3.46 t/ha.



Yields during the seasons 2013‐2015 were lower yielding than the long term average, with site
yields averaging 1.37 t/ha. In these seasons, there was no significant difference in yield across
row configurations for three of the four sites. At the fourth site, solid plant yielded significantly
less than all other configurations.



Plant populations should be targeted in the range of 30 – 50,000 plants/ha where the expected
yield is 2.0 t/ha or greater. Where expected yields are less than 2.0 t/ha, plant populations as
low as 15,000 plant/ha can provide slight improvements in yield compared to 30 and 50, 000
plants/ha.



Hybrids should be selected which have a moderate to high level of tillering as this mechanism
allows plants to respond to variable environmental conditions.

Introduction
Grain sorghum remains the main summer crop in the northern grains region, with northern NSW
planting on average 160,000 ha and Queensland 470,000 ha annually. The main zones for sorghum
production continue to be the area east of the Newell Highway and the Liverpool Plains in NSW and
the Darling Downs in Qld.
NSW DPI, GRDC and Pacific Seeds partnered in a project focused on sorghum production west of the
Newell Highway in NSW in 2010. This project “Sorghum in the western zone” was targeted at
investigating a range of agronomic factors in order to improve both the reliability and yield of
sorghum in these areas where sorghum is not an established part of the rotation. In the area west
of the Newell Highway, sorghum production is variable in area as well as production tonnes. In an
attempt to boost confidence in sorghum as a reliable summer cropping option by increasing the
reliability and yields of sorghum a research project was commenced in the 2010‐11 season targeting
the matching of suitable hybrid types to optimum plant populations and row configurations. This
research has led to a series of recommendations for the low‐ medium rainfall zone.
The data presented in this paper is a compilation of the results of five years of research in the
western zone.
A series of twelve dryland trials was conducted over five years; from 2010 – 2015 at sites west of the
Newell Highway. Trials were located at; Mungindi, Morialta Junction, Rowena, Tulloona, Gurley,
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In order to reduce the risk of total crop failure as well as increase yield potential for sorghum
producers in this zone, four primary areas are discussed in this paper; sowing time, plant population,
row configuration and hybrid type selection.
Sowing time
Seven of these trials were planted in the early planting window, between September and October
and five of these trials were planted in the late planting window of January. The five late plant trials
were in the 2012/13 and 2014/15 growing season.
Average yields from the seven early plant trials ranged from 4.53 t/ha down to 0.74 t/ha. In
comparison yields from the five late planted trials, ranged from 4.30 t/ha down to 1.59 t/ha.
While it is not possible to draw firm conclusions on which planting time is preferred from this data
set (long term modelling would assist), it is worth suggesting from this data that early plant sorghum
(Sept/ October) has yielded more and also has been a better fit within the farming system than late
plant sorghum.
Early plant sorghum, typically sown in September/October is intended to escape the summer heat at
flowering; as well as splitting the labour/ equipment requirements more evenly across the year so
winter crop planting and summer crop harvest rarely coincide. Early planted sorghum is also typically
harvested while conditions are still warm meaning a quick dry down time without grain drying and
harvest before the pressures of winter planting. The early harvest timing also allows the option of a
double crop back into chickpeas or a winter cereal should sufficient rainfall occur to fill the profile
sufficiently, thus expediting the move back into a winter cropping sequence. On the downside, cool
soil temperatures with the early planting time can slow early growth and sometimes affect
establishment.
Late planted sorghum typically avoids the heat at flowering, but is planted into high soil
temperatures which rapidly dry out the seedbed. In addition most growers in this western zone are
unwilling to let an early planting opportunity pass them by in case there is not another opportunity
to plant. Late plant sorghum also comes with the risk of cool temperatures during flowering and
sorghum ergot. Late planting also means late harvest where dry down may be slow and difficult due
to high grain moisture resulting in the need to dry sorghum grain as well as the crossover with
winter planting causing additional demands on labour and machinery. Late planted sorghum also
usually means the need to either short fallow to another summer crop or long fallow to the next
winter crop, reducing the cropping frequency and subsequent cash flow.
Currently the case for or against early or late sowing time is largely based on the impacts on the
farming system as there is insufficient data to build a more robust case on the impact on crop yield.
Crop modelling has provided simulated data across multiple years and seasons which suggest late
planted sorghum to be the more reliable.
Hybrid selection
In this research project three hybrid types were selected with diverse plant characteristics to
compare hybrids with varying levels of tillering and staygreen. The three hybrids selected and their
characteristics were:
1. Low tillering, High staygreen – 2436 and LT10 (both experimental lines) and MR Apollo
2. Moderate tillering, moderate staygreen – MR 43
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Garah, Bellata, Ashley and Bullarah. The trials focused on establishing a data set around three
primary factors; row configuration, plant population and hybrid selection although additional data
was gathered from each site on issues such as crown rot, soil water and nitrogen use.

3. High tillering, low staygreen – MR Bazley
In these trials, across all sites and seasons, the hybrids with moderate to high levels of tillering have
produced higher yields with the hybrids MR Bazley and MR 43 have been higher yielding than 2436,
LT10 or MR Apollo by on average 0.35 t/ha (Table 1). The full potential of stay green as a plant
characteristic has not been seen in this research either as the majority of seasons had higher than
average yields or post‐anthesis stress did not occur.
The general conclusion has been that hybrids with a low level of tillering have not been able to
respond to the variable seasonal conditions by producing additional tillers (which equates to more
heads) to capture additional yield potential unlike the hybrids with moderate to high levels of
tillering, in this case MR 43 and MR Bazley. There has been very little difference in the grain yields of
the moderate and high tillering hybrids.
Row configuration
The most common row configuration in the western zone was double skip until recent years where
there has been more interest in the 1.5 m super wide row configuration.
Four row configurations were used at the trial sites; a 1.0 m solid plant, single skip, double skip and a
super wide (1.5 m solid) with the exception of Byra in the 2012/13 season which was on raised beds
so a 2.0 m solid plant was substituted for a super wide configuration.
Across these twelve trials, where site yields were greater than 1.0 t/ha, the yields declined as
effective row spacing increased, hence solid > single skip = super wide > double skip. At only one
site; Ashley 2014/15; where yields were below 1.0 t/ha for all configurations, was the solid plant
significantly lower yielding than all other configurations.
The solid plant configuration produced the highest yields, on average 3.50 t/ha, compared to 2.98
and 2.91 t/ha for single skip and super wide respectively and 2.40 t/ha for double skip. The one trial
site with a 2.0 m solid plant treatment averaged 3.13 t/ha. This equates to solid plant yielding 15‐17
% more than the single skip or super wide and 31% more than the double skip.
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The average yield of these sites was 2.94 t/ha which is around 0.5 t/ha higher than the long term
average for grain sorghum in the North West NSW at 2.49 t/ha (NSW DPI Grains Report 1992‐2012).
This reinforces that the majority of the sites have been conducted in seasons that were more
favourable than is the norm for these environments.
The data supports two conclusions, firstly that in above average seasons the solid plant
configuration will always yield the highest, however it also comes with a greater risk of total crop
failure in the low yielding seasons. Secondly, that double skip configurations sacrifice significant yield
potential but are inherently a safer option as they store more water in the “skip” area for use during
grain fill.
Overall, to date it seems that single skip or the super wide treatment are the preferred options for
growers in this zone as they offer a more reliableoption in the dry seasons, and higher yields than
the double skip, reducing the overall risk of growing sorghum in these environments.
Plant population
Over the research project four plant populations were targeted; 15, 30, 50 and 70,000 plants/ha; but
only three populations were trialled at each trial site. The 30 and 50,000 plants/ha treatments were
included in all trials.
In the 2010/11 and 2011/12 seasons there was no statistical difference between the yields from the
50 and 70,000 plants/ha treatments; which both produced the highest yields; as such the 70,000
population was dropped from the treatment set as it incurred additional seed costs without
providing additional return and lower populations were preferred by growers.
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It should be noted though that establishing a uniform plant stand with a target plant population of
15,000 plants/ha commercially is a lot more difficult with airseeders, the more common planter in
this zone for sowing sorghum.
Average yields of the twelve trial sites showed an increase of 1.55 t/ha as plant population increased
from 15 to 70,000 plants/ha. However there was little distinction between the 30 and 50,000
plants/ha treatments.
Conclusions
In order to minimise risk and optimise yield in grain sorghum in the low‐ medium rainfall zone there
is a greater emphasis on matching agronomic management to the environment than there is on
hybrid selection.
Certainly hybrids have a role to play based on their suitability for environmental conditions and the
relevant plasticity of their characteristics such as tillering, however in the trials conducted across
both projects to date, the genetic potential of the hybrid has rarely been the limiting factor.
Currently the recommendations for sorghum in this zone, is to plant as early as possible, selecting
either a single skip or super wide configuration and establish an even population of between 30 –
50,000 plants/ha using a hybrid with at least a moderate level of tillering. An additional season of
trial data is planned for this coming season, 2015/16 and will hopefully provide the final conclusions
to the main management decisions for sorghum growers in this region.
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The 15,000 plants/ha treatment was added as “how low can we go?” ; a common question from
growers and advisors. From this research the 15,000 treatment has always yielded lower than the 30
and 50,000 plants/ha except where the average site yield was less than 1.6 t/ha. At the two sites
where average yields were less than 1.6 t/ha, the 15,000 plants/ha treatment yielded significantly
more than the 30 and 50,000 plants/ha treatments.

Table 1. Impact of hybrid type on yield (t/ha) in 2010‐2015
Hybrid Type

Site/ hybrid

Gurley
1011

Mungindi
1011

Rowena
1011

Morialta
1112

Rowen
a 1112

Bullarah
1213

Byra
1213

Gurley
1213

Tulloona
1314

Low tillering,
high
staygreen

2436

‐

‐

‐

3.32

4.13c

3.71b

3.89

3.09b

0.80c

LT10

3.31

3.58c

2.59b

‐

‐

‐

‐

Ashley
1415

Gurley
1415

Bellata
1415

‐

‐

‐

‐

0.76

2.11

1.41b

‐
‐

MR Apollo
Mod. tillering,
mod.
staygreen

MR 43

3.81

4.63a

3.05a

3.24

4.62b

4.63a

3.91
‐

3.80a

1.00b
‐

0.71

2.22

1.64a

High tillering,
low staygreen

MR Bazley

3.81

4.47ab

2.46b

3.34

4.81a

4.61a

3.77

3.67a

1.32a

0.76

2.10

1.73a

CV%

n.s.d

10.6

25.8

18.3

7.2

12

13.6

19.2

16.1

15.8

19.8

14.7

L.s.d.

n.s.d

0.20

0.33

n.s.d

0.16

0.25

n.s.d.

0.32

0.08

n.s.d

n.s.d

0.12

Table 2. Effect of row configuration on yield (t/ha) in 2010‐2015
Site/

Gurley
1011

Row Configuration

Mungin
di 1011

Rowena
1011

Morialt
a 1112

Rowena
1112

Bullarah
1213

Byra
1213

Gurley
1213

Tulloon
a 1314

Ashley
1415

Gurley
1415

Bellata
1415

Solid (1.0m)

4.58a

5.38a

3.22a

3.47

5.24a

5.29a

5.29a

4.46a

1.04

0.58b

1.87

1.55

Single Skip

3.52b

4.28b

2.63b

3.42

4.59b

4.22c

4.26b

3.33bc

1.07

0.74a

2.24

1.52

3.84bc

2.88ab

3.83

4.73b

4.42b

3.13c

3.64ab

1.02

0.78a

2.27

1.75

2.83c

3.41c

2.08c

2.48

3.52c

3.32d

2.75c

2.64c

1.04

0.87a

2.19

1.60

CV %

11.6

10.2

25.8

18.3

7.2

12.0

13.6

19.2

16.1

15.8

19.8

14.7

L.s.d

0.52

0.78

0.38

n.s.d

0.37

0.17

0.55

0.96

n.s.d

0.16

n.s.d

n.s.d

Super wide (1.5m)
Double Skip

‐

Table 3. Effect of plant population on yield (t/ha) in 2010‐2015
Site/ Plant
Population

Gurley
1011

Mungindi
1011

Rowena
1011

Morialta
1112

Rowena
1112

Bullarah
1213

15,000

‐

‐

‐

‐

‐

4.15

30,000

3.48

3.99

2.82a

2.56b

4.40

50,000

3.70

4.28

2.75ab

3.48a

4.60

70,000

3.75

4.41

2.53b

3.87a

4.58

CV%

12.0

10.6

25.8

18.3

7.2

L.s.d.

n.s.d

n.s.d

0.22

0.61

n.s.d

‐

Byra
1213

Gurley
1213

Tulloona
1314

Ashley
1415

Gurley
1415

Bellata
1415

3.66b

3.25b

1.05

0.87a

1.97b

1.83a

4.39

3.90a

3.60a

1.02

0.71b

2.13ab

1.62b

4.40

4.01a

3.70a

1.05

0.65c

2.33a

1.33c

‐

‐

‐

‐

12

13.6

19.2

16.1

15.8

19.8

14.7

n.s.d

0.21

0.29

n.s.d

0.05

0.22

0.15

‐

