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Wheat varieties: Managing yield and grain quality risks through sowing
time and seeding rate at Mullewa
Summary
Sowing time has a greater influence on production of all wheat varieties than seeding rate.
Weed competition is one factor which can limit early sowing and increasing crop competition through
increasing plant density has been demonstrated as a useful non-chemical tool to reduce weed growth.
The research has demonstrated that increasing plant density did not adversely affect crop yield or grain
quality of crops sown close to the break of the season in May, however higher plant densities of varieties
sown in June did reduce yield of wheat varieties.

Aim
The objective of this research is to improve crop production by determining the effect of sowing time and
sowing rate on crop yield and grain quality risks of new wheat varieties.

Trial Details
Property
Plot size and replication
Soil type
Variety
Seeding date
Treatments
Seeding rate
Fertiliser

Growing Season Rainfall
(Apr-Oct)

Mullewa Research Annexe, Ardingly South Road
20 m plot length x 1.54 m width x 3 reps
Earth loam
Wheat: Cobra, Corack, Emu Rock, Envoy, Mace, Magenta
11 May and 7 June 2012
6 varieties, replicated 3 times x 2 sowing times x 3 seeding rates
Targeting 100, 200 and 300 plants/m2
TOS 1: 11 May, 80 kg/ha Agras Xtra drilled with seed + 60 kg/ha Urea
topdressed.
TOS1: 11 May, sprayed 100 mL/ha Dominex +1.5 L/ha Triflur X + 1 L/ha
Sprayseed
TOS2: 7Jun, 80 kg Agras Xtra + 50 kg/ha Urea
TOS1+2: 25 Jun, 0.5 L/ha Hasten + 700 mL/ha Velocity
Summer rain Dec – April 49 mm, GSR May to Oct – 100.4 mm

Results and Conclusions
There was no influence of seeding rate on crop production in 2012 at Mullewa when the crop was sown
close to the break. However there was a yield penalty with the higher seeding rate when the sowing time
was delayed by a month. These results are in contrast to 2011 at Mullewa. Increasing seeding rate
increased crop production when sown close to the break and there was no effect on production with
increasing seeding rate when seeding was delayed.
Emergence
Emergence was staggered for the first sown treatments only. This is because seeding was on 11 May into
a drying seed bed. It had rained in April and early May. The second sowing time was on 7 June. Rainfall in
June was 56 mm. The seeding rate treatments targeted 100, 200 and 300 plants/m2. The actual plant
population was 100, 147 and 200 plants/m2 respectively (averaged across variety and sowing time). The
range in ears produced across treatments was not large, however it was significantly different between the
highest (145 ears/m2) and the lowest seeding rate (137 ears/m2) (averaged across variety and sowing
time).

1

Northern Agricultural Region Trials and Demos 2013 | Crops

Yield
At Mullewa, there was no interaction between seeding rate, sowing time and variety on crop yield.
However, there was an interaction between seeding rate and sowing time on crop production for all
varieties. When sown close to the break of the season, changing seeding rates did not affect crops yields
significantly. In contrast to the first sowing time, the grain yield (averaged across all varieties) was
significantly reduced at the higher actual plant population compared to the middle and lower targeted plant
populations of 100 and 147 plants/m2 (Figure 1). Delaying seeding by a month later, reduced crop
production by 500−600 kg/ha. This equates to 20 kg/day/ha. Emu Rock, Mace and Corack were the higher
yielding varieties at each sowing time. Emu Rock and Mace are AH varieties, Corack is an APW variety.
a)

c)

b)

d)

Figure 1(a-d) Effect of increasing plant density on grain yield of wheat varieties sown at two sowing times
May 11 and June 7 2012.
Quality
There was no influence of seeding time, plant density or variety on grain protein (P>0.05). Initial
assessment of grain screenings includes whole and cracked grain. Except for Emu Rock, screenings of all
varieties were lower than five per cent when sown at the first sowing time (P<0.05). Observations of Emu
Rock at harvest suggest the screenings are a result of mechanical damage, rather than small grain (further
measurements are to be undertaken to assess this).
Acknowledgements
Thanks to the technical services team for terrific trial management, GRDC and DAFWA for joint support of this research through the ‘Wheat
Agronomy-building system profitability in the Western Region’ (DAW00218). For more information contact Christine Zaicou-Kunesch, Research
Officer, Geraldton on 9956 8549 or email christine.zaicou-kunesch@agric.wa.gov.au.
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Sowing deep to establish a crop under drying conditions
Background
This is a systems demonstration to highlight how deep current varieties can be sown when ‘chasing
moisture’.
Soil moisture, sufficient to establish a wheat crop, was present at depth in many of the soils surrounding the
Mullewa region in autumn 2012. Often this was beyond the recommended depth of sowing for wheat.
Recommended sowing depth of wheat is from 30−40 mm dependant on variety.
Longer season varieties generally have greater coleoptile length than shorter season varieties and can be
sown deeper as a result (growers are aware of this).
A less than perfect start, low rainfall at the break late in the season, dictates that they must push the limits
in order to utilise the limited moisture available.
In an effort to establish wheat crops with limited soil moisture farmers are sowing wheat at depths greater
than the known coleoptile length.

Aim
Deep sow current varieties, Mace, Magenta, Wyalkatchem, Cobra, Corack, Bonnie Rock, to demonstrate
the ability of each variety to emerge from depth.

Trial Details
Property
Soil type
Crop and Varieties
Treatments
Replicates
Sowing date
Seeding rate

Mullewa Research Annexe, Ardingly South Road.
Heavy red loam
Wheat; Bonnie Rock, Cobra, Corack, Mace, Magenta, Wyalkatchem
3 Sowing depths; 40mm, 60mm, 90mm
2 replicates
25 May
40 kg/ha

Figure 1. Horizontal stubble indicating soil surface, depth of sowing approximately 90mm with seed at
bottom of hole, screw driver indicating top of moisture line approximately 40mm.
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Results and Conclusion
Table 1. Emergence of varieties two weeks after sowing (plants/m2)
Variety

Sowing Depth (mm)
40
60
90
Bonnie Rock 2
16
62
Cobra
9
32
64
Corack
1
11
37
Mace
8
28
63
Magenta
10
36
35
Wyalkatchem 3
23
38
Table 2. Yield (t/ha) of six varieties sown at three depths.
Variety

Sowing depth (mm)
40
60
90
Bonnie Rock 1.63
1.66
1.71
Cobra
1.58
1.3
1.42
Corack
1.73
1.73
1.86
Mace
1.51
1.42
1.72
Magenta
1.52
1.41
1.59
Wyalkatchem 1.71
1.6
1.61
In this demonstration, chasing moisture to 90 mm resulted in greater establishment two weeks after sowing.
At the time of sowing moisture was present at 40 mm, the recommended depth of sowing of wheat.
Seed sown at this depth did not emerge due to the mixing of dry soil with moist. It was surprising not to see
more wheat emerging from 60 mm in the first two weeks after sowing.
When deep sowing there is a difficulty in maintaining consistent depth, particularly in areas of compaction.
This impacts on the placement of seed relative to the moisture layer.
As a result emergence is uneven. On this soil type there was a staggered emergence from all depths.
Two weeks after sowing greatest emergence was from a depth of 90 mm, then from 60 mm, very little had
emerged from 40 mm.
Following the rainfall in the first week of June the remaining seed did emerge from 40 mm and 60 mm. The
staggered emergence can make for difficult management decisions during post-emergent spraying.
Seed size determines the ability of the crop to emerge from depth.
The deeper sown paddocks will require higher seeding rates to account for the weaker seed unable to
make it up from depth. Be careful not to draw many conclusions from the yield data.
This was a demonstration only for the purpose of evaluating emergence from depth.
Plant density evened up across treatments following rainfall in the first week of June but there was still
significant variation throughout the trial.
Acknowledgements
Thanks to the members of the MDFI for instigating this demonstration; Steve Cosh, Larry Prosser, Dirranie Kirby and Trevor Bell for their flexibility
and capacity in their management of this demonstration. For more information contact Wayne Parker, Development Officer, Geraldton on 9956
8555 or email wayne.parker@agric.wa.gov.au.
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Opportunistic Use of Break Crop versus Fallow; Second Season
Background and Aim
The objective of this trial was to compare an opportunistic break crop against fallow and wheat to better
define the pros and cons of fallowing.
2012 was the second season for this trial. Wheat was sown into the residues of canola, fallow and wheat
from 2011.
Well-managed chemical fallow enables control of weeds, assists soil moisture retention, allows for earlier
and potentially dry sowing and breaks the disease cycle of the majority of cereal diseases.
Break crops, crops other than cereals, perform a similar function. They offer a rotation of herbicides and an
ability to manage weeds differently.
Many also break the disease cycle of cereal diseases.
Unlike fallow they can return a profit when a well-managed chemical fallow cannot. Further to this, most
break crops are able to be dry sown.
This trial is designed to help answer the question − is it possible to gain more through tactically using a
break crop than strategically relying on fallow?
To use a break crop tactically is to play the season. There is the option of brown manuring the crop and
treating as a fallow or to continue supplying inputs and treat as crop.
This could be seen as an extension to the close of your cropping window, where fallow increases the
beginning of the cropping window.
TT canola was the break crop selected for this systems demonstration because of several characteristics.
TT canola can be dry sown and seed is relatively inexpensive, dependant on variety.
Canola has good plasticity with an ability to maintain yield at low plant densities.
TT canola has a residual broadleaf herbicide that can be applied after sowing with fewer timing restrictions
than other crops.

Trial Details
Property
Soil type
Crop and Variety
Treatments:

Replicates:
Sowing date
Seeding rate
Fertiliser (kg/ha)
Growing Season Rainfall

Mullewa Research Annexe, Ardingly South Road
Red loam
Wheat - Magenta, Canola - Cobbler
2011 Canola 4 sowing rates of 1, 2, 4 and 6 kg/ha; wheat and fallow
as comparisons.
2012 Wheat into each old plot of canola, fallow and wheat
4 replicates latinised row column design
Dry sown 26 April
Wheat 40 kg/ha
Agras 80 kg/ha
115.8 mm (April to end September)
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Results and Conclusion
2011 treatment

Canola 6 kg/ha
Canola 4 kg/ha
Canola 2 kg.ha
Canola 1 kg/ha
Wheat
Fallow
LSD (P<0.1)

2011
Yield
(t/ha)

2.94
2.9
2.73
2.75
3.3
0
0.49

2011
Gross
return

2011
2012
Input Cost Yield
(estimated) (t/ha)

Wheat
$220
Canola
$525
$1543
$1522
$1433
$1443
$752
$0

2012
Gross
return
Wheat
$347

$114
$114
$114
$114
$100
$40

2.5
2.35
2.6
2.29
1.98
2.98
0.37

$896
$816
$903
$795
$688
$1033

Figure 1. Soil moisture measurements from canola, wheat and fallow plots during April 2012. Percentage
Moisture by Depth (cm).
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In this instance, the opportunistic crop of canola in 2011 has proven the more successful rotation.
At the beginning of the season, given the rainfall during harvest, the soil had comparable moisture at depth
irrespective of the crop in 2011.
The weed break given by the canola was significant, very few grass weeds coming through in old canola
plots. The management of weeds proved telling in this trial.
Much of the potential wheat yield was removed by the brome grass in the wheat on wheat plots.
Wheat on wheat this season achieved approximately 16 kg/mm of rainfall.
Wheat growing without the competition of weeds on the canola plots achieved in excess of 19 kg/mm.
Making crude assumptions that wheat on fallow grew at 19 kg/mm, and the additional 400 kg/ha yield was
the result of additional moisture alone, then there was approximately 21 mm of additional moisture in the
fallow plots.
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Fallow had more moisture available closer to the surface than the other plots though not significantly more
moisture throughout the remainder of the profile (Figure 1).
In 2012 wheat on fallow plots returned $100 more than wheat grown on either wheat or canola residue.
This recouped the $40 loss from the 2011 fallow with additional profit but fallow did not result in the greatest
total profit over the two seasons of the trial.
The extra production on the fallowed treatments was unable to make up the opportunity cost of not growing
a crop in 2011. This is not unexpected given the high crop yields achieved in 2011.
Figure 2. Emerging wheat on canola stubble.

Figure 3. Wheat emerging on fallow.
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Figure 4. Wheat on wheat.

Figure 5. An indication of the brome grass present in the wheat on wheat plot.

Acknowledgements
Growers of the MDFI for identifying this as an issue they needed to target.
Research Support Unit Geraldton − Steve Cosh, Trevor Bell, Dirranie Kirby, Larry Prosser with seeding, harvest and seasonal management. For
more information contact Wayne Parker, Development Officer, Geraldton on 99568555 or email wayne.parker@agric.wa.gov.au.
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Managing wheat yield quality and risks through plant density and
nitrogen
Background and Aim
The objective of this research is to determine the value of agronomic management (plant density and
nitrogen) on production of quality grain for profitable wheat systems.
Increasing plant density is a useful tool to increase the competitiveness of a crop against weed.
However, how will this influence grain yield and quality for the new wheat varieties?

Trial Details
Property
Plot size & replication
Soil type
Soil pH (CaCl2) + EC
Paddock rotation
Nitrate (mg/kg)
Ammonium N (mg/kg)
Variety
Seeding date
Seeding rate
Fertiliser
Herbicides

Growing Season Rainfall
(Apr-Oct)

Wenballa Farm, East Dalwallinu
20 m x 1.54 m x 3 replications
Loamy clay
pH 5.4 (0-10 cm); EC 0.09 dS/m
2009 wheat, 2010 wheat, 2011 canola
18 (0-10cm), 3 (10-20cm), 2 (20-40cm), 3 (40-60cm)
2(0-10cm), 2 (10-20cm), 1 (20-40cm), <1 (40-60cm)
Mace, Corack, Cobra
22 May 2012
Various
22 May: 100 kg/ha Agstar Extra, 25 kg/ha Muriate/Potash
22 May: 200 mL/ha Talstar, 100 mL/ha Dominex, 118 g/ha Sakura.
13 June: 1 L/ha Hasten, 1 L/ha Decision; 23/7/12: 700 mL/ha
Barracuda, 2.5 g/ha Ally
133 mm

The trial was sown in the third week of May. To assess response of varieties to increasing plant density
Cobra, Corack and Mace were sown at 4 seeding rates (40, 80, 120 and 160 kg/ha) to establish 98,160,
203 and 251 plants/m2 respectively (averaged across all varieties). To assess the response of varieties to
added nitrogen at average and high plant density, nitrogen treatments of 14, 30, 60 N kg/ha were applied at
seeding (Agstar Extra plus urea). The 90 kg/ha N treatment was a split application, 60 units at seeding and
30 units post emergent.

Results
Note: This trial has a high CV of greater than 10 per cent indicating high variability across the trial. Interpret
results with caution and make decisions based on additional sources of information such as agronomists,
NVT trials and prior experience.

Increasing plant density of Cobra, Corack and Mace from 98 to 250 plants/m2 had no effect on grain yield
(Table 1) at Dalwallinu in 2012.
Head numbers differed significantly between varieties at the higher plant density (Cobra 188 heads/m2,
Corack 165 heads/m2 and Mace 211 heads/m2), however this did not influence the yield of the varieties.
The yield of the varieties differed significantly (p= 0.05). Mace (2.08 t/ha) and Corack (2.11 t/ha) were
significantly higher yielding than Cobra (1.70 t/ha) (Table 1). This result correlates to the significantly lower
protein levels for Corack (14.0%) and Mace (13.5%) compared to Cobra (15%) averaged across all
nitrogen treatments. This result indicates dilution of protein with higher yields and not reduced nitrogen
uptake by Mace and Corack. (Note: whole grain screenings are not available at the time of print.)
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Table 1. Plan density influence on yield of wheat.
2

Cobra

Corack

Mace

Plant density (Number/ m )
105
169
210
266
88
138
199
207
100
176
198
292
Nitrogen
Variety
Var x N
CV%

Grain yield (t/ha)
1.76
1.68
1.65
1.72
2.09
2.18
2.15
2.07
2.00
2.05
2.10
2.16
ns
P=0.005; LSD=0.18
ns
12%

At both plant densities (160 and 250 plants/m2), the yield of varieties and head number were not
significantly influenced by increasing nitrogen (14, 30 and 60kg/ha) at seeding. However the 60 and
90kg/ha of nitrogen did improve grain protein compared to the lower nitrogen treatments. As observed with
increasing plant density, Corack and Mace were significantly higher yielding than Cobra (Table 2).
Table 2. Nitrogen influence on yield and protein of wheat (at 250 plants/m2).
Cobra

Corack

Mace

Nitrogen (kg/ha)
14
30
60
90
14
30
60
90
14
30
60
90
Nitrogen
Variety
Var x N
CV%

Grain yield (t/ha)
1.67
1.82
1.70
1.93
2.06
2.15
2.20
2.00
2.16
2.13
2.06
1.92
ns
P=0.05; LSD=0.19
ns
11.3%

Protein (%)
13.5
13.7
14.7
14.8
12.4
13.0
13.6
14.7
11.9
12.7
13.1
14.3
P=0.003; LSD=0.75
P=<.001; LSD=0.19
ns
3.4%

Conclusion
Increasing plant density is a tool to improve a crop’s competitiveness against weeds. This strategy did not
adversely affect the yield of the varieties at this site in 2012. Nitrogen treatments did not significantly
influence crop yield, however did influence grain protein. The soil nitrogen levels and season are likely to
have influenced this result. Soil testing and understanding the crops requirements as the season unfolds
are useful strategies to manage crop performance economically. The environment is likely to have had a
bigger influence on the performance of the varieties than plant density or nitrogen. Growing season rainfall
for the region was the lowest on record in 2012 and disease patches (most likely Rhizoctonia) were evident
at the trial. The water use efficiency at the site was 13 kg/mm, given growing season rainfall (April to
October) was 133 mm (plus 34 mm in January) and grain yields of 1.98 t/ha across whole trial.
Acknowledgements
Thanks to Liebe Group for their support with trial planning and preparation, DAFWA’s technical services team for terrific trial management, GRDC
and DAFWA for joint support of this research aiming to improve profitability of wheat production through the Wheat Agronomy Project DAW 218.
For more information contact Christine Zaicou-Kunesch, Research Officer, Geraldton on 9956 8549 or email christine.zaicoukunesch@agric.wa.gov.au.
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Managing wheat yield and quality risks through plant density and
nitrogen application
Summary
Weed competition is one factor which can limit early sowing and increasing crop competition through
increasing plant density has been demonstrated as a useful non-chemical tool to reduce weed growth.
The objective of this research is to evaluate the effect of plant density and nitrogen on crop yield and grain
quality of new wheat varieties.
The research has demonstrated that increasing plant density did not adversely affect crop yield or grain
quality of crops sown in early June at Badgingarra in 2012.

Aim
Determine value of agronomic management (sowing rate and nitrogen) on production of quality grain for
profitable wheat systems

Trial Details
Property
Plot size & replication
Soil type
Soil test results
Rotation
Crop type and variety

Northern Road, Badgingarra
1.54 m x 20 m x 3 replications
Red sandy loam
source CSBP- see below
2007 pasture, 2008 pasture, 2009 pasture, 2010 canola, 2011 barley
Wheat - Mace, Emu Rock and Cobra

Machinery used
Seeding date
Fertiliser

Cone seeder
5 June
100kg/ha Agstar Extra drilled and 25 kg/ha Muriate Potash
topdressed at seeding.

Herbicides

2L/ha Sprayseed +1L/ha @100 L/ha Irrigator Extend +118 g/ha
Sakura + 1.5 L/ha Treflan IBS
3 varieties @ 4 targeted plant densities (75, 150, 225 & 300
plant/m2) @ 60 kg/ha N
3 varieties @ 4 N rate (14, 30, 60, 60+30 (90)) @ 150 targeted
plant/m2)
3 varieties @ 4 N rate (14, 30, 60, 60+30 (90)) @ 300 targeted
plant/m2)
332 mm

Treatments

Growing Season Rainfall
(Apr-Oct)

Table 1. Soil test results (CSBP).
Depth pH
(cm)
0-10
10-20
20-30
90100

EC

OC N
N
P
Nitrate Ammonia

PBI K

S

4.8 0.1
1.1
4.5 0.05 0.4
4.2 0.03 0.2

40
15
7

4
2
4

14 31
8
17
4
17

128 5
41
3
47
5

5.1 0.02 0.1

1

1

1

59

51

Ex
Al

ECEC Ex
Cu
Al%

0.07 3.7
0.18 1.7
0.28 1.1

12 0.05 0.9

Zn

Al

2
11
25

0.9 1.1 1.1
1.2 0.1 2.9
0.7
4.6

6

0.2

0.5
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In 2012, plant emergence at each seeding rate treatment of 40, 80, 120, 160 plant/ m2 was 83, 130, 162
and 196 plants/m2.respectively. Nitrogen treatments (14, 30, 60 N kg/ha) were applied at seeding as
Agstar Extra plus Urea. The 90 kg/ha N treatment was a split application with 60 units at seeding and 30
units post emergent on 31st July.

Results and Conclusion
Figure 1: Grain yield response of three wheat varieties to increasing plant density at Badgingarra in 2012.
(error bars = SED for each variety)
6
5

GY t/ha

4
Cobra

3

Emu Rock

2

Mace

1
0
83

130

162

196

plants/m2

Cobra and Mace were significantly higher yielding than Emu Rock at all seeding densities (P<0.05) (Figure
1).
There was a yield increase for Emu Rock and Cobra when plant density increased from 83 plants/m2 to 130
plants/m².
Further increases in plant density did not improve or reduced grain yield of these varieties.
There was a yield increase for Mace from 130 plants/m2 162 plants/m2. Increasing plant density did not
influence grain screenings which were less than two per cent for all varieties.
At Badgingarra, nitrogen application at seeding (14, 30, 60 and 90 kg/ha) did not affect grain yield at either
seeding densities (data not provided).
The soil was a red sandy loam with nitrate levels in the top 20 cm of soil at 55 mg/kg. Protein levels in the
grain were in excess of 12.5 per cent for all treatments and varieties.
The higher split nitrogen application did significantly increase protein by 0.4 per cent however without a
yield increase the late N application was not economical.
This may be a strategy to consider for high yielding varieties such as Mace.
At the higher plant density, and higher yield, Mace had lower protein than Cobra and Emu Rock.
Acknowledgements
Thanks to the West Midlands Group for support with trial planning and preparation, DAFWA’s technical services team for terrific trial management,
GRDC and DAFWA for joint support of this research aiming to improve profitability of wheat production through the Wheat Agronomy Project DAW
218. For more information contact Christine Zaicou-Kunesch, Research Officer, Geraldton on 9956 8549 or email christine.zaicoukunesch@agric.wa.gov.au.
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Managing wheat leaf disease through nutrition and fungicide
Background
Profitable wheat on wheat systems will include managing disease and nutrition for improved production of
quality grain.
Where early disease is severe, developing rapidly on a susceptible variety and seasonal conditions favour
disease development, the application of fungicide at tillering or stem extension delays disease development
and increases yield.
Applications at Z31 have been found to be the most reliable early timing for profitability but a follow-up
application may be required at flag leaf emergence.
In addition, to maximise fungicide return on susceptible varieties, studies indicate the need for optimum
nitrogen nutrition.
However, where new varieties have improved disease resistance, the value of fungicide applications and
interaction with nitrogen may differ and ultimately affect the profitability of the wheat-on- wheat system.

Aim
Determine the value of nitrogen and fungicide on the profitability of new wheat varieties with different
disease resistance.
Property
Plot size & replication

Bligh-Lee Farms, Mingenew
1.54 m x 20 m x 3 replications

Soil type
Soil test results (0-10 cm)

Sandy loam
Texture – loam; NH4 -2; NO3 -8; P-colwel - 33; K-colwel -303; OC%
- 0.73; pH - 5.3
Wheat – Bonnie Rock, Cobra, Corack, Emu Rock, Envoy, Mace,
Magenta, Westonia, Wyalkatchem
Cone seeder
1 11 May 2012 on to wheat stubble (unburned)
7
75 kg/ha
100 plants/m2
80kg/ha Agstar Extra drilled with seed +50kg/ha Urea topdressed at
seeding
pre:. Dominex 100mL/ha +SpraySeed 1L/ha + Triflur X 1.5L/ha
post: Hasten 0.5 L/ha+700 mL/ha Velocity
9 wheat varieties - Bonnie Rock, Cobra, Corack, Emu Rock, Envoy,
Mace, Magenta, Westonia, Wyalkatchem

Crop and Variety
Machinery used
Seeding date
Seeding rate
Plant counts (3-4 leaf)
Fertiliser
Herbicides
Treatments

2 Nitrogen rates –N1- 30 kg N and N2- 60 kg N (applied postemergent as Flexi N) and applied on 4 July.
2 Fungicide applications – 1: F(-). Nil, 2: F (+): 150 mL/ha of
Prosaro when all varieties had reached Z31 (on proviso rain forecast
within next 7 days) was applied on 30July.
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Results and Conclusions
Emergence at this site was staggered and this will impact on the information which can be interpreted from
this research. Crop establishment was poor at between 75 and 100 plants/m2.
High nitrogen plus fungicide significantly increased greenness compared to the lower nitrogen rate and nil
fungicide treatment.
This was evident from the green seeker measurements, taken on 17 August that gave an indication of
greenness and biomass (data supplied at Mingenew Field Day 2012).
Over the growing season, the high nitrogen treatments received 94 kg/ha of nitrogen and the low nitrogen
treatments received 64 kg/ha of nitrogen.
Disease
Disease at the site was predominantly yellow spot, with some Septoria nodorum blotch and ring spot also
present. Disease incidence was low at the site due to seasonal conditions. However there were differences
in the incidence of disease between varieties (Table 1).
Table: 1 Yellow spot resistance rating and disease rating (average of top 3 leaves) at the trial on August 8.
Sowing Time

Wheat
grade

Bonnie Rock
Cobra
Corack
Emu Rock
Envoy
Mace
Magenta
Westonia
Wyalkatchem

AH
AH
APW
AH
APW
AH
APW
APW
APW

Yellow
spot
resistance
MR-MS
MR-MSp
MR(p)
MS
MS-S
MR-MS
(MR)
MS-S
MR

Septoria
Nodorum blotch
resistance
MS-S
MR-MSp
MS-Sp
S
MS
MS
MR-MS
MS-S
MS-S

Average LAD
top 3 leaves
at 17 July
9.9%
10.9%
12.0%
15.2%
11.1%
7.2%
11.4%
12.6%
13.2%

Average LAD
top 3 leaves at
8 Aug
16.9%
18.0%
15.7%
30.4%
15.6%
15.1%
11.8%
22.3%
11.1%

Sources: Wheat Variety Guide 2011, DAFWA.
http://www.agric.wa.gov.au/objtwr/imported_assets/content/fcp/cer/wh/bn_wheat_variety_guide_2011.pdf
LAD = leaf area diseased. On 17 Aug varieties ranged from Z31-43. On 8 Aug – varieties ranged in maturity from Z37-55.

Emu Rock, which is a short-maturing variety and has a yellow spot rating of moderately susceptible (MS)
and S.nodorum rating of susceptible (S), had more disease than the other varieties at both times of disease
assessment. At the first disease assessment (17 July) Emu Rock had significantly more disease on the top
three leaves than Bonnie Rock, Cobra and Mace (P<0.05, LSD- 4.2 per cent). At the second disease
assessment (8 August), Emu Rock had an average of 30 per cent disease on the top 3 leaves which was
significantly more than all the other varieties (P<0.05, LSD- 6.0 per cent).
Fungicide influence on yield
Across all the varieties and nitrogen treatments, fungicide application significantly increased yield by almost
0.3 t/ha (nil fungicide treatments averaged 1.98 t/ha while plus fungicide treatments averaged 2.26 t/ha)
(P<0.05, LSD- 0.24). There were no significant fungicide x nitrogen x variety, fungicide x variety, or
fungicide x nitrogen interactions (P>0.05).
Nitrogen influence on yield and quality
Nitrogen levels applied were high relative to the growing rainfall season and yield potential. Each variety
yielded more with the higher nitrogen treatment but this wasn’t statistically significant (P<0.05.). There were
significant yield differences between the different varieties within each nitrogen treatment (Figure 1). In the
wheat on wheat scenario, Corack and Mace were significantly higher yielding than all other varieties.
Bonnie Rock, Cobra and Westonia were ranked similarly and less than Corack and Mace. Emu Rock
yielded similarly to Wyalkatchem and ranked lower. Magenta and Envoy were significantly lower yielding
than all other varieties ((P<0.05, LSD =0.077).
14

Northern Agricultural Region Trials and Demos 2013 | Crops

Figure 1: Grain yield (average across fungicide treatments at a) N=64kg/ha (pre and post em) and b)
N=94kg/ha (pre and post emergent) LSD (0.05) for variety at each N= 0.11.
1a)

1b)

Grain protein of Corack and Mace (P<0.05) were significantly lower than other varieties (Table 2).
Screenings (whole and cracked) of Magenta and Emu Rock (P<0.05) were significantly higher than other
varieties (Table 2).
Table 2: Grain protein and screenings (whole and cracked) of wheat varieties (averaged across all nitrogen
and fungicide treatments at Mingenew in 2012.
LSD

Wyalkatchem

Westonia

Magenta

Mace

Envoy

Emu Rock

Corack

Cobra

Bonnie Rock

Protein (%)

11.6 12.0 11.4 12.2 12.6 11.3 12.3 11.8 12.0 0.3

Screenings (%)-(whole and cracked) 4.3

4.4

3.8

6.1

4.2

4.5

5.1

4.9

2.7

1.0

Varieties in a wheat on wheat scenario
In a wheat-on-wheat scenario, the season and sowing time had a greater influence on varietal performance
than disease pressure at this site. Corack and Mace were the highest yielding varieties and Magenta and
Envoy were the lowest yielding varieties at this site in 2012. The protein level of Corack and Mace were
significantly less than other varieties and related to yield.
Despite the low rainfall during the growing season, (only 60 mm of rain fell in the 8 weeks after the
fungicide was applied on 30 July), fungicide application was profitable (gave, on average, a 0.3 t/ha yield
response across all varieties).
A wheat crop that has sub-optimal nitrogen and has no fungicide applied will be more vulnerable to leaf
spot diseases, particularly if it is a susceptible variety, and as such may suffer yield losses (compared to
one that has optimal N and fungicide). A variety susceptible to disease in this case will respond yield-wise
to nitrogen or fungicide on their own, and a combination of the two may give added disease control. If the
crop has adequate N, extra N does not make a difference to fungicide performance (N is not a fungicide).
A variety that has some disease resistance will naturally be less responsive to fungicide, but will still
respond yield-wise to nitrogen when nitrogen is limiting. There is unlikely to be any additional benefit of
combining fungicide and nitrogen.
Acknowledgements
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Dynamic Crop Sequences
Background
Ninety unique crop sequences were set up in Wongan Hills in 2009 and 2010 by growing nine different
‘crops’ in 100 m × 10 m strips in 2009, and 10 in 2010 in perpendicular strips.
These ‘crops’ (see Table 1) were chosen to represent the range of land use options available in this
particular environment.
Wheat was grown across the entire site in 2011 and again in 2012.
Plots were split for herbicide treatment in 2012; half were sprayed with trifluralin and half with Sakura prior
to sowing.
This made no difference to grain yield so the herbicide treatment results are not reported here.

Aim
To study the continued effects of crop sequences set up in 2009 and 2010 on wheat in 2012.

Trial Details
Property
Plot size & replication
Soil type
Soil pH (CaCl2) (0-10 cm)
EC (0-10 cm)
Sowing date
Seeding rate
Fertiliser
Paddock rotation
Herbicides

Fungicides
Growing Season Rainfall

Wongan Hills Research Station
10 m × 10 m, replicated 4 times
Wongan loamy sand/Wongan sand
5.8, except in plots mouldboard ploughed in 2010 where it was 5.0
0.15 dS/m
20-21 June 2012
100 kg/ha
20-21 June: 80 kg/ha Macropro plus (14 %P, 10 %N, 8%S)
31 August 2012: 25 kg/ha N as Flexi-N (32 %N)
9 Crop treatments in 2009 and 10 in 2010;
Wyalkatchem wheat in 2011 and 2012
13 June: 2012 1.5 L/ha Roundup
20 June 2012: 1.5 L/ha Trifluralin, 118 g/ha Sakura treatments
9 August 2012 :670 mL/ha Velocity
23 August 2012: 300 mL/ha Prosaro
186 mm (1 May to 31 October)

Trial Design
Table 1: Crop sequence treatments in 2009 and 2010
2009 treatments
Wheat (2 plots per rep)
Barley
Oaten hay
TT Canola
Clearfield juncea canola
Lupin
Cadiz serradella, brown manured
Volunteer pasture
Chemical Fallow

2010 treatments
Wheat
Wheat after mouldboard ploughing
Barley
Oaten hay
TT Canola
Roundup Ready Canola
Lupin
Cadiz serradella, brown manured
Volunteer pasture
Chemical Fallow
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Results
In 2012 wheat grain yield differed significantly even two years after the treatments were imposed. It ranged
from 1.79 t/ha in the Juncea canola-TT canola-wheat-wheat sequence to 2.48 t/ha in the volunteer pasturefallow-wheat–wheat sequence. Figure 1 shows grain yields from sequences that included wheat in 2009
or 2010.
Figure 1: Wheat yield in 2012 of sequences beginning with wheat in 2009 (red bars, labels show 2010 crop)
or in 2010 (blue bars, labels show 2009 crop). All sequences had wheat in 2011 and 2012.

2010 wheat

2.6
2.5
2.4
2.3
2.2
2.1
2
1.9
1.8

Grain yield (t/ha)

Grain yield (t/ha)

2009 wheat
2.6
2.5
2.4
2.3
2.2
2.1
2
1.9
1.8

2009 crop

2010 crop

The 2009 treatments generated more than ten-fold differences in ryegrass population and these were by
and large maintained throughout the life of the trial (Figure 3). This explains why sequences that began
with fallow, oaten hay, and volunteer pasture were still producing high yields in 2012, and why sequences
that began with canola, where weed control failed in 2009, were still yielding poorly in 2012. The 2010
treatments did not have such long lasting effects on the ryegrass population, therefore the 2010 treatments
also had less effect on wheat yield in 2012. The most obvious effect of crop sequence was on weed
population. In both 2011 and 2012 grain yield was closely linked to ryegrass population. In 2012 ryegrass
population explained 45 % of the variation between sequences in grain yield (Figure 2).

Grain yield (t/ha)

Figure 2: Effect of ryegrass density in July 2012 on wheat grain yield after 90 different crop sequences in
2009 and 2010 ( y=2.213-0.0023x , r²=0.445).

2.5
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2
1.9
1.8
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1.6
1.5
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July ryegrass density
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Other factors such as soil water availability and soil mineral N supply influenced grain yield in 2010 and
2011 but neither of these had a significant effect in 2012; in fact high levels of soil N at sowing in some
treatments may even have decreased yields in 2012.
There was no evidence of differences in leaf or root disease between sequences in this experiment.
Figure 3: Change in July ryegrass density of selected sequences over life of trial. W-wheat, F-fallow, TTCTT canola, L-lupin. The error bar only applies to 2012 data.

July ryegrass density
(plants/m²)
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1
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Year
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Series7

0.1

Economic Analysis
Grain quality data were not available when this paper was prepared so economic analysis was not
possible.

Conclusion
The most important single driver of crop sequence performance in this experiment was ryegrass
population.
In 2010 soil water and 2011 soil nitrogen also had important effects but by 2012 these differed only slightly
between treatments.
The biggest reductions in ryegrass numbers occurred after fallow, oaten hay, volunteer pasture, serradella
and lupins in 2009 by preventing seed set using chemical (fallow, spray topping or crop topping in the case
of lupins) or mechanical means in the case of oats.
These were not as effective in 2010, particularly crop topping lupins.
The fact that ryegrass density rebounded to a high level after fallow in 2010 when there was no seed set
suggests that seed was carried over from 2009 to 2011.
This implies that at least two years of good control is necessary to effectively control/manage a large
ryegrass population.
When ryegrass levels are low, e.g. after fallow, oats, pasture or lupins in 2009, keeping them low by good
management can allow good productivity to continue for several years unless other constraints such as
disease appear.
Acknowledgements
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Are early fungicide applications effective for Yellow Spot and/or
Stagonospora nodorum in the Low Rainfall Zone?
Summary
In 2012, despite low rainfall and low disease levels, early fungicide application at tillering (Z22/26) did
significantly reduce leaf spot disease levels at two out of three low rainfall sites in the northern agricultural
region.
Best disease control was provided by a double spray strategy (early tillering spray plus an application at
flag leaf, Z39) or a single high rate fungicide application at Z39.
There were no yield responses to fungicide applications at any of the three sites, though there were some
grain quality benefits.

Background
Recent trends in cereal production have been towards increasing areas sown to wheat after wheat.
Stubble-borne leaf diseases such as yellow spot are a higher risk in a continuous wheat system.
Previous research in high rainfall zones or above average seasons has shown that in cases where leaf spot
disease levels are high very early, fungicide application at early stages (five leaf stage – first node) is
effective at reducing disease levels and increasing yield.
The trials conducted here were investigating if the same results would be obtained in lower rainfall
environments.

Aim
To assess the efficacy of foliar fungicide application prior to stem extension for control of yellow spot or
stagonospora (septoria) nodorum in wheat in low rainfall zones.

Trial Details
Property
Wheat variety
Soil type
Sowing Date
Seeding Rate +
Variety
Fertiliser
(kg/ha)
Fungicide
treatments
Paddock
rotation

Growing
Season
Rainfall

Messina, Mullewa
(Site 1)
Calingiri
Medium loam
Early May, germinated
late May
50 kg/ha
60 kg/ha Agstar Xtra at
seeding, 60 kg/ha Urea
post seeding
11 July (Z22), and 16
August, 2012 (Z37)
2011 – wheat , 2010 wheat, 2009 – wheat

190 mm (May-Oct)

Labuschegne, Mullewa
(Site 2)
Mace
Sand
Not available at time of
printing
Not available at time of
printing
Not available at time of
printing
25 July (Z26), and 16
August ,2012 (Z37/39)
2011 – Wheat
(Wyalkatchem), 2010 –
Lupin , 2009 – Wheat
(Wyalkatchem)
140 mm (May-Oct)
estimate

Earle (Smart), East
Nabawa (Site 3)
Mace
Sand
20 May, 2012
80 kg/ha
Agstar Xtra @ 50 kg/ha at
seeding, Urea @ 30 kg/ha
down boot
11 July (Z22), and 10
August, 2012 (Z37/39)
2011 – Wheat (Mace) ,
2010 - Lupin (Mandelup) ,
2009 – Wheat
125 mm (May-Oct)
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Treatments:
1. Unsprayed
2. Prosaro at 150 mL/ha applied at tillering (Z22/26)
3. Prosaro at 150 mL/ha applied at tillering (Z22/26) and Prosaro at 150 mL/ha applied at flag leaf
emergence (Z37/Z39)
4. Prosaro at 300 mL/ha applied at flag leaf emergence (Z37/Z39)
Trials were set up in July opportunistically in grower’s established paddocks. Plot size was 20 m x 5 m, with
4 replicates of each treatment; treatments in a randomised block design. Herbicide and in-crop fertiliser
products were applied by the grower.

Results
Site 1 (Messina, Mullewa)
At Z22 there was disease evident at the site (average 6 per cent on top 4 leaves). The disease was found
to be a mixture of both yellow spot and septoria nodorum blotch.
The disease did not progress much at all during the season and so fungicide applications had no significant
effect on disease levels. At Z57 (ear emergence nearly complete) there was only 5 per cent average
disease on the top three leaves. Rainfall was very low so ultimately the application of fungicide at either
time was not worthwhile at this site.
There were no significant yield differences between the fungicide treatments; average yield across all was
1.0 t/ha.
There were no significant grain quality differences between the fungicide treatments, average protein was
14.8 per cent, moisture was 10.7 per cent, average screenings were 5.9 per cent, and average hectolitre
weight was 80.5 kg/hL.
Site 2 (Labuschegne, Mullewa)
At Z26 there was a low amount of disease evident at the site (3 per cent on top 4 leaves). The disease was
found to be a mixture of both yellow spot and septoria nodorum blotch.
The disease did not progress much during the season. At Z55 (ears half emerged) there was only 5 per
cent average disease on the top three leaves in the nil treatment but this was still significantly more than
the fungicide treated plots (Table 1).
There were no significant yield differences between the fungicide treatments; average yield across all was
2.0 t/ha. The Z22 fungicide application significantly reduced screenings from 7 per cent to 6 per cent. Other
grain quality measurements were not significantly affected by fungicide treatment. Average protein was 9.8
per cent, and average hectolitre weight was 82.8 kg/hL. Ultimately the application of fungicide at either time
was not worthwhile at this site in 2012.
Table 1. % Leaf area diseased (LAD) for the fungicide treatments on Mace at Labuschegne’s, Mullewa in
2012.

Fungicide treatment
Nil
Prosaro @ 150mL/ha at Z22
Prosaro @ 300mL/ha at Z39
Prosaro @ 150mL/ha at Z22 and Z39
LSD (5%)

% LAD average
of top three
leaves
Z39
Z55
1.9
4.7
1.3
3.7
2.1
2.0
0.5
1
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Site 3 (Earle, East Nabawa)
Initially there was disease evident at the site (14 per cent on top 4 leaves at Z22). The disease was found
to be predominantly yellow spot, with some septoria nodorum blotch also present (75:25).
The disease continued to progress up the canopy and all fungicide treatments did significantly reduce
disease levels at Z39 and Z65 (Table 2). The double spray strategy of applying fungicide at Z22 and Z39,
and the Z39 spray performed similarly in providing the best disease control.
There were no statistically significant yield differences, probably due to the dry spring ― only approximately
63 mm of rain fell in the 8 weeks after flag leaf emergence.
Previous DAFWA research has found that at least 80 mm of rain needs to fall in this period for a Z39 flag
leaf fungicide application to be profitable.
While there were no significant yield impacts from the fungicide treatments there were significant grain
quality results. Hectolitre weight was significantly higher (81.8 compared to 81.2 kg/hL) and percent
screenings significantly lower (1.7 per cent compared to 2.2 per cent) on treatments that received the flag
leaf spray, Z39).
Other grain quality measurements were not significantly affected: average protein was 14.8 per cent, and
average screenings were 5.9 per cent,
Table 2. % Leaf area diseased (LAD) average of the top three leaves at two disease assessment times,
Z39 and Z65 on Mace at Earle’s, East Nabawa in 2012.

Nil
Prosaro @ 150mL/ha at Z22
Prosaro @ 300mL/ha at Z39
Prosaro @ 150mL/ha at Z22 and Z39

% LAD average
of top three
leaves
Z39
Z65
9
29
5
21
8
18
5
15
1.05
4.90

Conclusion
In 2012, early fungicide application at Z22 did significantly reduce leaf spot disease levels at two out of
three low rainfall sites in the northern agricultural region.
Most effective disease control was provided by a double spray strategy (early tillering spray plus an
application at flag leaf, Z39) or a single high rate fungicide application at Z39, as they performed equally
well.
However, disease levels were only high at one site (east Nabawa), and the very dry spring meant none of
the sites responded yieldwise to the fungicide application, although there were some grain quality benefits.
So in 2012 fungicide application was not profitable at any of these low rainfall sites.
The trials will be repeated in 2013 to gather final data sets to answer the research question. If you can offer
a wheat-on-wheat paddock that has early disease in a low rainfall zone please contact Ciara Beard.
Acknowledgements
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Does potassium deficiency make wheat more vulnerable to Septoria
nodorum blotch?
Summary
Disease (septoria nodorum blotch) did not reach significant levels until after head emergence.
A fungicide spray at Z43 gave significant disease control and grain quality benefits but did not provide any
significant yield response.
Potassium application had no clear effect on leaf disease control but did significantly reduce glume blotch
infection on heads at Z69.
Potassium application gave a significant yield response of 0.3 t/ha and provided significant grain quality
improvements above the untreated.

Background
Plants deficient in potassium have increased susceptibility to foliar leaf diseases due to the deficiency
effecting biochemical processes and tissue structure (weaker/thinner leaves).
Potassium deficient plants have higher concentrations of sugars and amino acids, sources of energy for
many pathogens, compared to plants with adequate potassium.
Previous DAFWA research on the South Coast has shown that the application of potassium fertiliser to
barley significantly reduces the percent leaf area diseased for spot -type net blotch and powdery mildew in
barley grown in marginal soil potassium conditions.
We wanted to determine if the same would be found for yellow spot and septoria nodorum blotch in wheat.

Aim
To investigate how potassium nutrition affects control of yellow spot and/or septoria nodorum blotch in
wheat – does potassium deficiency make plants more vulnerable to leaf spot infection?

Trial Details
Property
Soil type
Sowing Date
Seeding Rate + Variety
Fertiliser (kg/ha)

Fungicide treatments
Paddock rotation
Growing Season Rainfall

Kim Halbert, North Eneabba
Grey sand
22 May, 2012
90 kg/ha Wyalkatchem
22 May (sowing): 70 kg MAP;
22 June (Z15): +K treatments received 50 kg/ha Muriate of Potash (K
fertiliser), and all plots in the trial received 200k/ha of NS41. (-K
treatments received no K fertiliser)
Applied on 17 August, 2012 (Z43)
2011 – Wheat, 2010 – Lupin, 2009 – Wheat
315 mm (May – Oct)

Treatments: (see Fertiliser details above)
1. +K and Prosaro at 300 mL/ha at Z43*
2. +K and Nil fungicide
3. – K and Prosaro at 300 mL/ha at Z43*
4. – K and Nil fungicide
Trial set up on 22 June opportunistically in grower’s established paddock. Plot size was 20 m x 5 m, with 4
replicates of each treatment; treatments were in a randomised block design.
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Results
Soil samples taken in May prior to seeding, showed the site was potassium deficient with on average 16
mg K /kg soil or less across the trial area (less than 50 mg/kg is considered potassium deficient).
Disease assessments were conducted on 15 June (Z12), 31 July (Z30), 17 August (Z43) and 13
September (Z69).
Initially there was disease evident at the site (2 per cent on top 3 leaves at Z31) which was found to be a
mixture of both yellow spot and septoria nodorum blotch, with yellow spot dominating.
For much of the season the disease did not progress much, most likely due to low rainfall and
Wyalkatchem having moderate resistance to yellow spot.
At Z43 (booting) there was only 3 per cent average disease on the top three leaves across all treatments,
however disease levels picked up by the end of the season when septoria nodorum struck late, and upper
leaves and heads were infected at Z69 (end flowering).
Fungicide treated plots had significantly less disease at Z69 (29 per cent average Leaf Area Diseased
across top 3 leaves compared to the untreated which had 35 per cent).
Addition of potassium to the nil fungicide treatments did not have a clear impact on leaf infection but did
significantly lower levels of head infection, glume blotch (Table 1).
In potassium deficient plots, application of fungicide significantly reduced head infection.
Whole shoot nutrient analysis at Z69, showed a significant difference in shoot potassium concentration
between the potassium treatments, with the plus K treatments having significantly more potassium in the
shoot (average 1 per cent) than the minus K treatments (average 0.8 per cent).
Table 1. % head area infected with septoria nodorum blotch at Z69 (end of flowering) for each of the
potassium and fungicide treatments on Wyalkatchem at Halbert’s in North Eneabba in 2012.
Potassium Treatment
Nil K
Plus K

Nil Fungicide
8.5
4.5
LSD (5%)

Plus Fungicide
3.1
6.0
3.04

Yield results
Fungicide application gave no yield benefit but significantly increased hectolitre weight and reduced
screenings (Table 2).
Potassium gave a significant yield benefit of 0.3 t/ha while also significantly reducing percent protein and
screenings, and significantly increasing hectolitre weight (Table 3).
There were no significant fungicide x potassium interactions for yield or grain quality.
Table 2. Yield, hectolitre weight and screenings % for the fungicide treatments on Wyalkatchem at Halbert’s
in North Eneabba in 2012.
Fungicide Treatment
Nil fungicide
Prosaro at 300 mL/ha at Z43
LSD (5%)

Yield
2.1
2.2
ns

Hectolitre Weight
74.8
76.3
0.3812

Screenings %
2.6
2.1
0.4278
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Table 3. Yield, protein, hectolitre weight and screenings % for the potassium treatments on Wyalkatchem at
Halbert’s in North Eneabba in 2012.
Potassium Treatment
Nil K
Plus K
LSD (5%)

Yield
2.0
2.3
0.141

Protein
13.73
12.76
0.501

Hectolitre Weight
75.0
76.1
0.381

Screenings %
2.6
2.1
0.428

Conclusion
Septoria Nodorum blotch did not develop to significant levels until after head emergence so although
fungicide applied at Z43 (booting) did provide some disease control and grain quality benefits it did not give
any significant yield response.
Addition of potassium had mixed effects on disease levels on leaves late in the season, but lowered
disease infection on heads.
The 0.3 t/ha yield response from potassium fertiliser and grain quality benefits confirm the value of optimal
soil potassium for crop yield regardless of any potential disease control.
We plan to repeat this trial in 2013 to investigate if results would be different in (hopefully) a wetter year in
which disease arrives earlier.
Acknowledgements
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Understanding the Lifecycle of Sclerotinia in Canola in the Northern
Agricultural Region of WA
Background
Sclerotinia stem rot in canola was identified by growers and agronomists as a research priority through the
Regional Cropping Systems Network (Northern Zone) and GRDC funded a small project for 2012 to further
understand the lifecycle of the disease in the Northern Agricultural Region (NAR).
Sclerotinia sclerotiorum in canola (and to a lesser extent lupins) is becoming a major yield limiting disease
in the NAR.
Field observations suggest that on loamy soils in the high rainfall zone, it is a more significant disease than
Blackleg in this region.
Recent trial work (2011) conducted by DAFWA and Bayer Crop Science show that economic control can
be achieved with fungicides, however there are observations in the field that suggest that improved control
may be achieved by having a better understanding of the disease life-cycle in the NAR.
There is huge variability in findings around the world on what contributes to favourable germination of
sclerotinia, crop infection and disease spread which makes it difficult to relate international findings to our
environment here in WA.

Aim
To better understand the lifecycle of Sclerotinia sclerotiorum (fungal pathogen that causes Sclerotinia stem
rot) in the NAR in order to maximise the effectiveness of fungicidal timing and control in Canola.
Specifically we are interested in:
• Development of apothecia (the small mushroom like structures that produce the spores to spread
disease), what temperatures and crop conditions (humidity, moisture) favour their development and
longevity?
• What seasonal conditions and variety/site/sowing/rotation factors favour sclerotinia infection, spread
and severity in a crop/variety?
• Is it just Sclerotinia sclerotiorum present (which infects through petals dropping down into canopy)
or is there evidence of Sclerotinia minor (which infects stems directly through the soil)?

Observation Site Details
Seven growers’ canola paddocks were observed during the 2012 season. Five sites were chosen in midlate July to be observation sites as they were deemed high disease risk paddocks.
Humidity and temperature loggers were installed at these sites in mid-late July or early August to assess
under what conditions apothecia develop. These were at Moonyoonooka, Chapman Valley, Greenough,
and two around Northampton.
Two other canola sites that were found to be infected with sclerotinia in mid-late August were later added
as observation sites; these were in West Northampton and Chapman Valley.
Temperature and humidity loggers were not installed at these sites due to the likelihood of apothecia
development this late in the season being extremely small.
At each of the sites at which loggers were present, soil temperature, canopy temperature and canopy
humidity data were gathered every hour (canopy temperature and humidity were taken from loggers
installed above ground, under the canola plants). Daily rainfall data (total in mm) was gathered for all sites
from the nearest BOM rainfall station, grower’s rain gauge or nearest DAFWA rain gauge. Crop density,
variety, position in landscape, and soil type were recorded for each site.
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Sites were visited weekly or fortnightly to observe any presence of apothecia (noting when they first
appeared and how long they survived for) and disease symptoms (severity and incidence), and crop/variety
growth stage were recorded. Photos were taken of apothecia and/or disease symptoms.
Records were obtained from growers about rotation history, sowing date, seeding rate, and fertiliser and
fungicide applications.

Results
2012 was a very dry year, decile 1 for most of the NAR. June was the only month that good amounts of rain
fell and so sclerotinia disease development was slow and apothecia were only observed at two of the
seven sites (only one monitored and photographed).
Only four of the seven sites developed disease symptoms, only three of these displayed stem rotting, but it
was interesting that the disease persisted at all in such a dry year.
The dry season gave us the opportunity to record the gradual process of disease initiation and spread as in
a wet year disease spreads so rapidly the different epidemiological stages can be hard to differentiate.
There were only two sites where leaf symptoms that looked like early sclerotinia symptoms were seen in a
crop, on the leaves, prior to flowering and, although leaves were sent to Agwest Plant Labs for diagnosis,
no confirmation could be given that it was sclerotinia. So whether it was early S. sclerotiorum or S. minor
was not determined.
This confirms the need for species differentiation of the pathogen in order to determine if it is sclerotinia,
how it is infecting so early and how it can be controlled.
At our request Agwest Plant Labs are looking into whether there is a PCR (polymerase chain reaction) test
that can be done in future on leaves to detect sclerotinia pathogens as it would be valuable to be able to
diagnose early symptoms on leaves.
We were able to capture some great photos of disease symptoms and spread and also of apothecia
gradually dying and were able to confirm that they only last for around a month under optimal conditions.
The soil temperature, canopy temperature and humidity data gathered may help to explain the longevity of
the apothecia at the one site where they were monitored and will be useful for comparison with future
years.
Observations from the sites we monitored have confirmed there is a clear correlation between presence of
soil moisture and soil type with disease severity in crops.
The soils that were wetter for longer and those that were by creeks or in lower parts of the landscape or
poor draining were more prone to early disease and, once disease established, displayed more severe
symptoms that persisted.
Time of sowing also appeared to be involved with early sown crops of good yield potential that received the
June rainfall being more vulnerable to infection in 2012.
We gained some insight into how variety differences could impact on a variety’s vulnerability to sclerotinia
infection due to observing differences in growth habit and flowering time across varieties.
We are investigating the potential of using satellite imagery/aerial photos to determine the densest parts of
canola crops in the expectation that these parts of paddocks are more likely to develop apothecia and
disease.
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Conclusions
Due to the dry season in 2012 we were not able to find as many sites as we would have liked to monitor
apothecia development and longevity and disease did not progress to severe stages at many of the sites
due to the dry weather hindering pathogen persistence and halting spread.
Hence we were not able to gather all the observation data that we had hoped and will need further seasons
of observation (in preferably wetter years than 2012) to achieve our aims.
To better understand the epidemiology of sclerotinia in WA we need to have a range of sites with apothecia
sightings and observations of longevity, a range of sites (same as apothecia ones or different) with disease
that progresses during the season.
Sites that have apothecia observed prior to crop infection are preferable so we can determine how long it
takes a crop (crop in same paddock or neighbouring down-wind) to be infected after apothecia develop and
release ascospores.
Despite a dry season we were able to start expanding our knowledge of the behaviour of the pathogen in
the NAR.
Much more work is needed and DAFWA will continue some observations in 2013 in the NAR and also
possibly commence observations in the Esperance region where sclerotinia is starting to become a
significant issue for canola growers.
Please contact Ciara Beard if you can offer an observation site this season. We are keen to hear from you
if you observe apothecia and/or sclerotinia disease symptoms (particularly prior to flowering) in your canola
crops this season.

Photo 1: Apothecia (mushroom-like structures) of Sclerotinia Sclerotiorum photographed in Chapman
Valley in 2012 (top). These produce spores that spread the disease. Under optimal weather conditions they
can survive for about a month before they shrivel and die (bottom).
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Photo 2: Typical watermark like symptoms of sclerotinia on leaves seen in 2012.

Photo: White fungal growth caused by Sclerotinia can develop on infected stem tissue.
At one site in 2012, Sclerotes could be seen on the stem surface.
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Integrated disease management options to control rhizoctonia barepatch in cereals
Summary
When sowing to wheat or another cereal in a paddock with a previous history of Rhizoctonia bare-patch,
using cultivation below the seed (~10 cm) and a registered fungicide can reduce disease impact.
A break crop of canola or a chemical fallow may be useful for reducing Rhizoctonia inoculum in the soil
prior to sowing a cereal crop.
In the near future, new in-furrow fungicide options, that improve the control of Rhizoctonia disease in barley
and wheat, may become available to WA farmers.

Background and Aim
Rhizoctonia bare-patch (R. solani AG8) is a major problem across WA’s cereal growing regions and is
estimated to reduce WA state-wide cereal yields by 1 to 5 per cent annually at a cost of $27 M in wheat and
barley (Murray and Brennan, 2009; 2010).
Until 2013, Australia had only one registered fungicide for use on seed (Dividend®).
Now new options are available for use in the current season, including Vibrance® and EverGol Prime®.
Current management practices recommended to minimise the impacts of Rhizoctonia bare-patch in WA are
combinations of, cultivation with a fungicide seed-dressing and adequate nutrition.
In South Australia it has been shown that canola and other non-grasses can reduce the inoculum level of
R. solani following cereals and thus, are effective break crops (Rhizoctonia Fact Sheet 2012).
In WA, benefits from crop rotation have yet to be demonstrated.
Our aims were to determine the efficacy of the new fungicides to control Rhizoctonia in cereals. Also, the
effect of rotation and current management options to control R. solani were examined.

Trial Details
All sites established in WA in 2012 had visible patches in cereals the previous year and the pathogen was
confirmed to be R. solani (AG8) by PreDicta-B® soil test.
Trials were sown by cone-seeder and spayed regularly with foliar fungicide to remove confounding effects
of differences in leaf disease.
Fungicide efficacy trials
Seventeen fungicide efficacy trials, sown to either barley or wheat, were established in WA by DAFWA and
in SA by SARDI during 2011 and 2012.
The trials had a randomised block design with six replicate plots (20 m x 1.8 m). In WA, each treated plot
was adjacent to an untreated plot, while in SA individual plots were split into treated and untreated three
row plots.
Among the 9 to 10 fungicide treatments for each trial were seed dressings of Vibrance or EverGol Prime,
some including different rates.
All treatments were compared with untreated controls plots. Additional treatments were new experimental
in-furrow fungicides for which results are not presented in the present paper.
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Plots were sown using knife points to the seed depth and were injected with Flexi-N below the seed in
2012, while a granular fertiliser was applied below the seed in 2011. In SA, plots received a granular
fertiliser.
Crop rotation and management options trial
A two year trial was established in 2011 in Katanning to examine the influence of crop rotation and
management on R. solani root disease.
The trial had a split plot randomised block design with 2011 treatments of barley (Buloke), wheat (Mace),
canola (Cobbler) and fallow (repeated herbicide applications), replicated four times in randomised blocks
with each block containing four plots of 40 m x 1.8 m.
In 2012, each of the four plots/block contained a treatment of (1) untreated, (2) seed dressing (Dividend),
(3) in-furrow application of an unregistered fungicide or (4) tilling to a depth of 10 cm below the seeding
depth.
The variety used in all 2012 plots was Buloke barley. The first three 2012 treatments were tilled to a depth
of the seed using knife-points. All plots were injected with Flexi-N in 2012.
Measurements
Plant emergence counts were conducted on all plots 3-5 weeks after sowing. Forty plants were sampled at
tillering (8-10 weeks after sowing) and disease was assessed on a 0-5 root disease severity scale.
NDVI were measured using Greenseeker. Patch size in WA trials was estimated for all plots in 2012 only,
as in 2011 distinct patching in any trial was not present. At post-anthesis, head/m2 and plant heights/m2
were assessed.
Plots were harvested and grain yield determined. For the crop rotation and management trial (Katanning),
grain yield in 2012 was compromised due to a stampede of 500 sheep.
Inoculum levels of R. solani AG8 were assessed using PreDicta-B immediately prior to sowing and at
anthesis for all plots in the rotation trial and for only the untreated and highest fungicide rate treatment in
the efficacy trials.
For the crop rotation trial, soil samples were also collected every 6 weeks over summer 2011-12 until just
before sowing.

Results
Vibrance and EverGol Prime efficacy
EverGol Prime and Vibrance have been evaluated as seed treatments to suppress Rhizoctonia in field trials
conducted by DAFWA and SARDI in 2011 and 2012 (Table 1).
A direct comparison between Evergol Prime and Vibrance cannot be made as they were independent
experiments.
EverGol Prime 80 mL/100 kg seed was evaluated only in barley; it increased yield by an average 120 kg/ha
or 5.4 per cent (range 4 to 7.2 per cent) across 4 barley trials.
The increase was significantly greater than the untreated in the trial at Minnipa in 2011 (Table 1).
Vibrance 360 mL/100 kg seed increased grain yield by an average 80 kg/ha or 5.7 per cent (range 0 to 17.7
per cent) across 8 wheat trials.
The responses were significantly greater than the untreated at 2 sites. In barley, the yield increases
averaged 0.4 per cent (range -4 to 6 per cent) across 5 barley trials (Table 1).
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Table 1. Summary of cereal yield responses to seed dressing treatments with EverGol Prime and Vibrance
in 17 Rhizoctonia fungicide efficacy trials conducted by DAFWA and SARDI.

Fungicide
EverGol
Prime

Vibrance

Crop
barley

Site
Lake Grace,
WA
Karoonda SA
Port Julia SA
Minnipa SA

Average
barley Calingiri, WA
Karoonda SA
Port Julia SA
Keith SA
Minnipa SA
Average
wheat Lake Grace,
WA
Karoonda SA
Port Julia SA
Corrigin, WA
Ongerup, WA
Keith SA
Minnipa SA
Yumali SA
Average

Year

Yield
Untreated
(t/ha)

Treated
(t/ha)

Net (t/ha)

Per cent

2012

0.78

0.82

0.04

5.1

2012
2012
2011

2.66
2.93
2.64
2.25
1.18
2.62
3.02
2.61
2.93
2.47

2.8
3.05
2.83**
2.38
1.25
2.51
2.95
2.7
2.9
2.46

0.14
0.12
0.19
0.12
0.07
-0.11
-0.07
0.09
-0.03
-0.01

5.5
4.0
7.2
5.4
6.0
-4.0
-2.5
3.7
-1.2
0.4

2012

0.71

0.80*

0.08

11.6

2012
2012
2011
2011
2011
2011
2011

1.37
2.88
2.84
1.82
2.70
1.98
1.33
1.95

1.61*
2.9
2.84
1.94
2.72
2.06
1.39
2.03

0.24
0.02
0.001
0.12
0.02
0.08
0.06
0.08

17.7
0.9
0.04
6.8
0.7
4.0
4.2
5.7

2012
2012
2012
2011
2011

* Significant (P < 0.05) or ** Significant (P < 0.001), compared to untreated plots.
In all DAFWA trials, yield was increased (albeit not significantly) when compared to the untreated plots, this
was in spite of the significantly lower rainfall on average during 2011 and 2012 at most WA trial sites as
indicated by the low yields (Table 1).
Plants in treated plots were in general more vigorous than in untreated plots as determined from NDVI
measurements, but only in the Vibrance at Lake Grace was this significant.
Patch size was not significantly reduced in any of the three 2012 trials in WA, although patches were
reduced by up to 26 per cent compared to the untreated plots.
Root disease at tillering was reduced (P < 0.1), compared to the untreated plots, in the trials at Ongerup
and Lake Grace. Where Vibrance was applied, reductions of 23 and 30 per cent in disease incidence were
observed.
Rotation and management options
Both cereal crops significantly increased the inoculum level of R. solani between the pre-sow and the
anthesis soil sample in 2011 (Figure 1).
Inoculum levels in cereals continued to be significantly higher over summer 2012 compared with those for
the canola and fallow plots. At the pre-sow sampling, in early June, barley plots were still significantly
higher compared to canola, fallow and wheat plots. In 2012, plots were sown to barley with treatments of infurrow fungicide injection, Dividend® seed dressing, or cultivation 10 cm below the seed (as detailed
above).
These 2012 treatments did not have a significant impact on soil DNA levels. However, the 2011 treatments
continued to significantly influence the inoculum (DNA) levels until the anthesis sampling in 2012, with 2011
barley plots having significantly higher inoculum levels than 2011 canola or fallow plots (Figure 1).
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Figure 1. Rhizoctonia solani DNA levels in 2011 and 2012 crop rotation plots. All plots were sown to barley
in 2012. Note – inoculum levels may have varied between the March 2012 and June 2012 measures
following rainfall events in that period. Green triangle: sowing date; Red triangle: harvest date.

In 2012, barley sown on 2011 fallow plots had significantly less root disease at tillering compared to barley
sown into the 2011 barley and wheat plots.
At anthesis, the barley sown into the 2011 canola plots had significantly reduced root disease compared to
the 2011 barley plots.
These root disease results for the 2011 rotation treatments are indicative of the DNA levels in the soil for
2012 (Figure 1).
The 2012 treatments did not have a significant effect on root disease measured at either tillering or
anthesis.
Patch size in 2012 was significantly reduced in the 2011 canola plots compared to barley plots, and the
2012 cultivation treatment significantly reduced patch area compared to untreated plots (Figure 2).
Although grain yield was compromised, the 2012 cultivation treatment was the highest yielding treatment.
Overall, barley grown on 2011 barley plots was significantly smaller than canola and fallow plots, and was
less vigorous, as determined by NDVI.
The treatment grain yield obtained when a cultivation below the seed was applied was 11% or 50 kg/ha
($15/ha at $300/t). There have been reports of over 50% improvements when cultivation is used (Jarvis
and Brennan, 1986).

Conclusion
These results support the current recommendation for management of Rhizoctonia bare-patch.
When sowing to wheat or another cereal in a paddock with a high rhizoctonia risk, cultivate below the seed
(at least 10 cm) at the time of sowing and use a registered fungicide.
Both Vibrance and EverGol Prime are registered to suppress Rhizoctonia root rot, and will only provide
adequate control of this disease when used in conjunction with cultivation and practices which reduce
inoculum levels.
A break crop of canola or chemical fallow, in paddocks with severe Rhizoctonia bare-patch, may reduce
Rhizoctonia inoculum levels and reduce disease in the following cereal crop.
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In paddocks with Rhizoctonia, barley will exacerbate the disease substantially compared to other crops.
Further research on new in-furrow fungicides for Rhizoctonia bare-patch control is planned for 2013
following the promising results during 2011 and 2012 from DAFWA and SARDI trials.
Figure 2. Katanning trial in 2012 which was sown to barley and shows patching attributed to Rhizoctonia
solani. Red arrow, untreated plot; white arrow, 10 cm below seed cultivation plot.

Further reading
1. Gupta V, Roget D, McKay A, Ophel-Kellar K, Wilhelm N, MacLeod B, and Kirkegaard J (2012).
Rhizoctonia Fact Sheet. GRDC, ACT, Australia.
http://www.grdc.com.au/uploads/documents/GRDC-FS-RhizoctoniaSW.pdf
Jarvis RJ and Brennan RF (1986). Timing and intensity of surface cultivation and depth of cultivation affect
rhizoctonia patch and wheat yield. Australian Journal of Experimental Agriculture 26, 703-708.
http://www.publish.csiro.au/?act=view_file&file_id=EA9860703.pdf
Murray GM and Brennan JP (2009). Estimating disease losses to the Australian wheat industry.
Australasian Plant Pathology 38, 558-570. http://link.springer.com/article/10.1071/AP09053
Murray GM and Brennan JP (2010). Estimating disease losses to the Australian barley industry.
Australasian Plant Pathology 39, 85-96. http://link.springer.com/article/10.1071%2FAP09064#page-1
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Agronomic and economic responses of the NAG Water Repellence
Management trial at Nookanderri farm
Background and Aim
This realistic trial using full scale farm machinery has been comparing 17 different management options for
water repellence on moderately repellent deep pale yellow sand farmed in a full controlled traffic system.
This is the second season of the trial and some economic values have been calculated.

Trial Details
Property
Soil type
Sowing Date
Seeding Rate
Crop and variety
Paddock
rotation
Fertiliser (kg/ha)

Nookanderri R&C Ford
Pale yellow sand
1 May 2012
100 kg/ha
Lupins - Mandelup
2010 Canola 2011 wheat

Growing Season
Rainfall

123 mm (May-October)

40 kg/ha DAP extra on wide rows. Herbicide pre-seeding 1.5 L/ha simazine,
200g/ha metribuzin and treflan

The tested management options for water repellence are listed below.
Soil Treatment
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

SP=Spaded in 2011
SP=Spaded in 2011
ZSP=Zero Till discs or slow knife points on SP
ZSP=Zero Till discs or slow knife points on SP
WP= Winged Points each year
WP= Winged Points each year
KP= Knife Points each year
KP= Knife Points each year
DR= Deep Ripped in 2011
ZT=Zero Till discs or slow knife points
ZT=Zero Till discs or slow knife points
CL=Clayed 150-40 t/ha (50% kaolin) spaded to 100mm
2011
CL=Clayed 150-40 t/ha (50% kaolin) spaded to 100mm
2011
MP= Mouldbourd Ploughed in 2011
MP= Mouldbourd Ploughed in 2011
BL= Blanket Surfactant (20L/ha Seedwet) in 2011
BL= Blanket Surfactant (20L/ha Seedwet) in 2011

Banded Surfactant
(1L/ha Irrigator eachyear)
+
+
+
+
+
+
+
+
-

Yields of lupins in 2012 were measured with a DAFWA plot header along the southern side of the
measurement track through the trial.
One cut was made in the centre, between the tramlines and including the burned windrow, the other cut
was in the western wing of the airseeder.
Plot yield is calculated as the yield in the centre cut added to twice the value of the wing cut and divided by
3.
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Results
2011 Season
Wheat was sown into moist conditions and repellency was not a major problem for establishment.
Treatment effects were mainly driven by water and nutrient supply to the crop from deep cultivation, clay
addition and herbicide toxicity to the crop. Spading performed best in that year and blanket wetting agent
worst. The mouldboard ploughing was compromised by poor inversion and performed poorly.
The claying was compromised by shallow incorporation and performed poorly despite very good crop
growth; root activity was mainly confined to the topsoil and the crop was moisture deficient at grain fill.
When done more effectively at another trial nearby at Binnu, mouldboarding and claying performed better;
see Figure 3 (below).
2012 Season
Lupins were sown on 1 May into mainly dry soil despite 10mm of rain 2 days previously. 2.5 mm of rain
fell in the next five days and effects of water repellence were considerable.
Treatments with banded surfactant and wider furrows established about 20 plants/m2 but knife points only
had 10 plants/m2. Heavy rain in early June (Figure 1) allowed much compensation in crop establishment
and enabled a final plant population of about 30 plants/m2 across the site.
A drought in July (Figure 1) induced yield limiting stress in at least two early established treatments and
eventually crop yields of the treatments were not as different as the early crop establishments.
To make a more fair comparison, the yields of the treatments suffering drought stress were corrected to an
estimated unstressed value, using the relationship between plant numbers and yield for the unstressed
treatments.
Figure 1. Weather in 2012 season - Rainfall from Nookanderri and maximum air temperatures from Binnu
automatic weather station. On 21 July maximum temperature was 24.3C and evaporation 5 mm. The
probable drought stress period is circled on the graph.
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The yield differences from the control treatment (knife points) for each season were then multiplied by a
representative crop value (yield x grain value) and the estimated costs of the treatments subtracted (Table
1).
Table 1. A summary of yield and crop value responses of a range of management options on a moderately
water repellent sand at Balla; treatment costs are included and gross margins calculated. The shaded lupin
yields were estimates corrected for drought stress. Costs are best estimates and no use of loans is
assumed.
Treatment
(bwa= banded wetting agent)
Winged knife points +bwa
Winged knife points
Spaded, knife points
Zerotill on Spading
Zerotill on Spading+bwa
Knife Points
Deep Ripped, knife points
Spaded, knife points+bwa
Mouldbd ploughed, knife points+bwa
Zerotill, single disc+bwa
Knife Points+bwa
Mouldbd ploughed, knife points
Zerotill, single disc
Clayed, knife points
Clayed, knife points+bwa
Blanket surfactant, knife points
Blanket surfactant, knife points+bwa

2011 response @ $300/t
2012 response @ $200/t
code Wheat kg/ha % $/ha resp Lupins kg/ha % $/ha resp
WP+ 3.01
330 12 903
99 1.77
230 15 354 46
WP 3.05
368 14 914 110 1.61
66 4 321 13
SP
3.42
736 27 1025 221 1.66
121 8 332 24
ZSP 3.10
425 16 931 128 2.09
549 36 418 110
ZSP+ 3.25
575 21 976 172 1.88
338 22 376 68
KP
2.68
0 0 804
0 1.54
0 0 308
0
DR
2.90
223 8 871
67 1.63
90 6 326 18
SP+ 3.26
577 22 977 173 1.52
-21 -1 304
-4
MP+ 3.05
375 14 916 112 1.46
-83 -5 291 -17
ZT+ 2.52
-159 -6 756
-48 1.67
129 8 334 26
KP+ 2.54
-137 -5 763
-41 1.63
94 6 327 19
MP
2.79
113 4 838
34 1.44
-94 -6 289 -19
ZT
2.37
-311 -12 710
-93 1.57
30 2 314
6
CL
2.66
-21 -1 797
-6 1.34
-201 -13 268 -40
CL+ 2.65
-33 -1 794
-10 1.40
-139 -9 280 -28
BL
2.41
-267 -10 724
-80 1.29
-248 -16 258 -50
BL+ 2.35
-327 -12 706
-98 1.63
92 6 326 18

W+L W+L
cost $/ha
Gross Margin
$/ha resp 2011 2012 total $/ha
1256 145
11
10
21 124 WP+
1235 124
1
1 123 WP
1357 245 150
150
95 SP
1349 237 153
153
84 ZSP
1352 240 163
10 173
67 ZSP+
1112
0
0
0
0 KP
1196
85
85
85
0 DR
1281 169 160
10 170
-1 SP+
1207
96 110
10 120
-24 MP+
1090 -22
3
10
13
-35 ZT+
1089 -22
10
10
20
-42 KP+
1127
15 100
100
-85 MP
1024 -87
3
3
-90 ZT
1065 -47 200
200 -247 CL
1074 -38 210
10 220 -258 CL+
982 -130 202
202 -331 BL
1032 -80 200
10 210 -290 BL+

Figure 2 shows the gross margins calculated so far for each management option (using direct costs or
loans).
Figure 2. The comparison of gross margins for the first 2 years (wheat/lupins); above (a) direct costs, below
(b) with annual repayments a loan at 8.5 per cent over 5 years to spade, mouldboard, clay, deep rip or use
blanket surfactant on 500 ha.
(a) Treatments
SP=Spaded in 2011
ZSP=Zero Till discs or slow knife points on SP
WP= Winged Points each year
MP= Mouldboard Ploughed in 2011
KP= Knife points each year
+= Banded surfactant (1L/ha Irrigator) each year
DR= Deep Ripped in 2011
ZT=Zero Till discs or slow knife points
CL=Clayed 150-40 t/ha (50% kaolin) spaded to
100mm 2011
BL= Blanket surfactant (20L/ha Seedwet) in 2011
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(b)
SP
ZSP
ZSP+
WP+
WP
SP+
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MP+
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1
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Table 2. Summary of results from 2012; paddock 3 Nookanderri, Mandelup Lupins. Treatments in order of
increasing yield, no drought corrections.
TREATMENT
BL Blanket Seedwet 20L/ha 2011
BL+ Blanket Seedwet 20L/ha 2011 + 1L/ha
banded Irrigator each year
CL Clayed 150-40 t/ha 2011
CL+ Clayed 150-40 t/ha 2011+ 1L/ha banded
Irrigator each year
MP Mouldboard Ploughed 2011
MP+ Mouldboard Ploughed 2011+ 1L/ha banded
Irrigator each year
SP+ Spaded 2011+ 1L/ha banded Irrigator each
year
KP+ Knife points+ 1L/ha banded Irrigator each
year
KP Knife points (Control)
ZT Zerotill Discs or slow (5kph) Knife points
DR Deep Ripped 2011
WP Winged points each year
SP Spaded 2011
ZT+ Zerotill Discs or slow (5kph) Knife points+
1L/ha banded Irrigator
WP+ Winged points each year+ 1L/ha banded
Irrigator each year
ZTS+ Zerotill Discs or slow (5kph) Knife pnts on
Spading+ 1L/ha banded Irrigator
ZTS Zerotill Discs or slow (5kph) Knife pnts on
Spading
95%LSD
90%LSD

Early plants
/m2
11.8
15.5

Final plants
/m2
30.2
30.6

Yield
(t/ha)
1.25
1.26

yld/pl
(kg/ha)
42
42

8.5
5.9

29.2
35.2

1.32
1.37

46
39

8.5
9.4

22.7
25.2

1.44
1.44

66
59

9.8

25.7

1.50

63

19.6

30.6

1.51

50

9.4
9.2
13.5
7.0
10.5
14.6

31.1
32.0
32.0
31.3
26.8
31.1

1.51
1.53
1.54
1.57
1.63
1.63

49
49
47
51
62
53

21.8

32.2

1.76

55

4.9

28.7

1.90

67

5.7

33.1

2.08

64

5.19
4.26

4.09
3.41

0.508
0.423

17.9
13.6
35
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Binnu long term amelioration trial
The responses found in 2012 from the four year old treatments at Binnu on poor sand and yellow sand
(Figure 3) showed that;
• Claying and mouldboarding can be successful when done the right way
• Spading responses can be less variable than claying and mouldboarding.
Deep ripping coupled with controlled traffic looks very effective at this site; we found evidence of more clay
at the surface of the deep ripped plots than the controls.
This may have been drawn up by the ripper tines. Such a simple and relatively low cost method deserves
further investigation for amelioration of repellence.
Figure 3. 2012 wheat responses to water repellence amelioration methods done at Binnu in 2009.
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Grain yields of each treatment
Spading responded very well in the wheat phase due to dilution of the repellence, decompaction and good
root exploration of the subsoil for the wheat. There was no large response in the dry sown lupins
Zero Till after spading responded well due to the spading benefits in wheat and delayed emergence to
avoid July drought stress in lupins, there was some yield loss from herbicide damage in the wheat phase.
Winged points responded well due to a wider furrow and better water harvesting for the dry sown lupins as
well as better grading of the repellent soil from the seed zone in the wheat phase.
Deep ripping responded in the wheat phase, but showed little benefit for the lupins, despite forming wider
furrows in the looser soil. Wider furrows helped establish more lupins but they seemed to drought in July.
Mouldboard ploughing responded little due to poor inversion and retention of much surface repellence, as
well as surface crusting in the lupin season. Weed control was also poor. Banded surfactant helped.
Claying did not improve yields. In the relatively wet wheat season roots proliferated in the topsoil and
growth to flowering was very good, but explored the subsoil very little causing poor grain fill. In the dry lupin
year rain was intercepted by the surface clay and easily evaporated to restrict establishment and growth.
Banded surfactant tended to improve lupin yield with knife points and winged points but not for the late
sown wheat. In wheat herbicide (Boxer Gold) damage was reduce by the banded surfactant with the disc
drill and establishment and yield of the poorly buried topsoil of the Mouldboarding was also improved, but
yields from spading were reduced by banded surfactant. July drought seemed to reduce lupin yield after
early establishment in treatments KP+ BL+ and also ZT+ and DR (wider furrow).
36

Northern Agricultural Region Trials and Demos 2013 | Soil Management

Conclusions
Spading is the most profitable amelioration of repellency on this soil so far.
Blanket surfactant was very unprofitable due to leaching and zero-till suffered herbicide damage.
Mouldboarding and claying have been compromised but show responses like spading at the Binnu site,
where inversion was good and clay incorporation was deeper, and therefore may be profitable.
Winged points are the most profitable mitigation method on this soil so far.
Banded surfactant was profitable with knife points if only used for lupins.
Banded surfactant reduced yields from spading but salvaged the poor mouldboarding.
After 2 seasons the winged points are the most profitable of all treatments if all treatment costs are met in
the first year; due to a low cost and modest benefit, compared to spading with much higher cost and higher
benefits.
If the amelioration treatments are paid for with 5 year loans then Spading is the most profitable of all
treatments after 2 seasons, because the initial costs fall from $150 /ha in year one to $38 /ha for each year.
In 2013 we plan to sow canola dry at the site.
Acknowledgements
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Managing water repellence in the West Midlands – productivity and
economic benefits
Summary
When used over the whole cropping program a winged paired-row seeder gave a net whole farm benefit of
$19/ha when a modest yield benefit of 100 kg/ha was used on repellent soils.
Mouldboard ploughing applied to 450 ha of the property had a financial benefit in year 1 only of $15 /ha
using a yield benefit of 900 kg/ha which is less than the measured benefits in a 3-year on-farm trial on the
property.
These findings demonstrate that a strategy of affordable progressive amelioration and better sowing
methods for the rest of the crop can be a successful and profitable approach for managing soil water
repellence.

Background and Aim
A number of options exist for managing water repellent sandplain soils.
The range of options include better sowing methods that are relatively cheap to implement and can be used
over the whole crop and long-term but more costly amelioration methods such as clay spreading,
mouldboard ploughing and rotary spading.
In this report we assess the results of an on-farm soil amelioration demonstration but also assess the net
whole farm benefit from using a winged point paired-row seeder over the cropping program plus adoption of
450 ha of mouldboard ploughing.

Trial Details
Property
Soil type
Sowing Date
Seeding Rate
Fertiliser (kg/ha)
Paddock rotation
Growing Season Rainfall

Andrew Kenny, ‘Rubicon’, Badgingarra
Pale deep sand and sandy gravel
16 June 2012
70 kg/ha Hindmarsh barley
100 kg/ha MacroPro at seeding; 2x post-seeding of 75kg/ha NS61
2010 barley, 2011 wheat, 2012 barley
338 mm

Demonstration strip-trial design;
Clayed 2012 ~150t subsoil/ha
Untreated Control 1
Mouldboard 2010
Clayed 2012 on Mouldboard 2010
Mouldboard 2010
Untreated Control 2
Clayed 2012 + Mouldboard 2012
Mouldboard 2012
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Results
In 2010 Andrew established two large scale on-farm mouldboard plough trials (Table 1) on repellent soil
with ploughing resulting in yield increases >1.0 t/ha for wheat and barley and between 0.5-1.0 t/ha for
lupins (Table 1). The measured yield increases were partly a result of overcoming the water repellence by
soil inversion and improving crop establishment.
For example, at site 1 barley establishment was improved by about 50 per cent (40 more plants/m2) in
2010, lupin establishment increased by 300 per cent (33 more plants/m2) in 2011 and barley establishment
by 75 per cent (75 more plants/m2) in 2012. However, additional productivity benefits are likely a result of
soil loosening (deep ripping effect), improved nutrient access and enhanced crop root growth in the 10-40
cm layer and can all contribute to the measured yield improvement.
Table 1. Yield increases in two on-farm mouldboard plough (MBP) trials at Badgingarra on highly water
repellent sandplain soils. Ploughing was done in 2010. Note that for site 2 the whole paddock was
ploughed in 2012 so no comparative results are available.
Site 1 – Pale Deep Sand
GSR
Grain yield
Season (mm) Crop
(t/ha)
Control MBP
2010
300
0.8
2.0
Baudin barley
2011
485
1.8
Mandelup lupin 0.8
Hindmarsh
2012
337
1.4
2.7
barley

Site 2 – Pale Sandy Gravel
Grain yield
(t/ha)
Crop
Control MBP
1.0
2.2
Calingiri wheat
1.3
1.8
Mandelup lupin
Hindmarsh
n/a
n/a
barley

In 2012 additional clay spreading strips were incorporated into the soil amelioration trial. Clay-rich subsoil
was spread at a rate of about 150 t/ha; due to time constraints clay incorporation was minimal in 2012 and
this probably limited crop response to claying (Figure 1).
On average the 2010 mouldboard ploughing increased barley grain yield by 1.33 t/ha over the untreated
control, a 95 per cent yield increase (Figure 1) in the third season. On average 2012 mouldboard ploughing
increased grain yield by 1.02 t/ha, a 73 per cent increase (Figure 1).
It was encouraging to see that in this trial there has been no decline in crop response to the 2010
mouldboard ploughing. This trial will continue to be monitored to see if the clay and mouldboard treatments
provide future benefits.
Figure 1. Barley grain yield (t/ha) in response to various combinations of clay spreading (150 t clay-rich
subsoil/ha) and mouldboard ploughing (MBP) on a strongly repellent pale deep sand at Badgingarra.
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Financial Analysis – whole farm economic benefit
In 2011 Andrew’s Morris 9000 knife-point seeder was compared with a Morris Contour independent opener
seed drill with a paired row double-shoot winged opener so that seed is placed near the walls of a 4-inch
wide furrow. Wheat establishment was doubled using the paired-row seeder in more severely water
repellent patches. The overall bulk-harvest yield benefit was 190 kg/ha. While this yield increase for a
different seeder is encouraging, in a similar comparison at a nearby property the bulk harvest yield
improvement was over 500 kg/ha indicating the benefits can in fact be much larger. In 2012 Andrew
purchased a Morris Contour Drill and used it over his entire cropping program which included 658 ha of
wheat, 677 ha barley, 416 ha ‘TT’ canola, 247 ha ‘RR’ canola , 195 ha lupin and 32 ha oats. In 2012
Andrew ploughed a total of 450 ha over the farm which was sown to either wheat (180 ha) or barley (270
ha). While control areas were not left in each paddock the paddock yields achieved suggest substantial
yield improvements, up to 1 t/ha in some cases. In good gravel soils wheat and barley yields ranged from
4.0-4.5 t/ha while in the poorer sand soils barley yields were 2.5-3.0 t/ha. Andrew commented that for some
of these paddocks these were the best yields ever achieved.Based on the demonstration results for the
paired row seeder and mouldboard ploughing outlined above, the net whole-farm benefit (Table 2) for a
total arable area of 3700 ha was calculated for both the winged boot + paired row seeder, which was used
over the entire cropping program (2230 ha) and for the mouldboard ploughing (450 ha). Mouldboard
ploughing was costed by the grower at approximately $150/ha including driver, tractor, plough, levelling and
rolling costs. For net whole-farm benefit a conservative estimate of 100 kg/ha yield benefit is used for the
paired-row seeder compared with a knife point seeder despite this being the lowest benefit recorded in the
2011 trials. A cereal yield benefit of 900 kg/ha is used for the mouldboard ploughing which is on the low
side of the measured trial benefits (Table 1) on this farm. The economic benefit has been calculated using
the actual crop makeup on the ploughed areas of barley (270 ha) and wheat (180 ha). Using these values it
can be seen that the estimated net whole-farm benefit was $19/ha for the winged boot + paired-row seeder
and $15/ha for mouldboard ploughing in 2012 in the first year only (Table 2). This amounts to an overall
additional profit of $77,700 for the new seeder used over the 2230 ha of cropping and $54,000 for the 450
ha of mouldboard ploughing in year 1 only.
Table 2. Net whole farm benefit (using 2012 grain prices) over a range of yield benefits from a paired-row
seeder (compared with standard knife point seeder) and mouldboard ploughing on a 3700 ha Badgingarra
property with common repellent soils.
Paired-row Seeder
Yield
Improvement
(t/ha)
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45

$/ha
improvement
$7
$19
$31
$42
$54
$65
$77
$88
$100

Mouldboard Plough (Year 1 only)
Yield
Improvement
$/ha
(t/ha)
improvement
0.05
-$16
0.15
-$13
0.30
-$7
0.45
-$2
0.60
$4
0.75
$9
0.90
$15
1.05
$20
1.20
$26

0.50

$111

1.35

$31

Paired-row seeding and mouldboard ploughing combined have had an estimated net benefit of $33 /ha
averaged over the 3700 arable hectares in 2012 alone.
Many of the paddocks had been cropped continuously for 10 years so reduced and more effective
herbicide use was a significant additional benefit.
This analysis is for the first year only and the impressive long-term benefits in the mouldboard plough trials
on this property suggest that the ongoing financial benefit of ploughing will be large.
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Andrew intends to continue mouldboard ploughing and using the paired row seeder which he partly
purchased because it is good for seeding ploughed areas.
Andrew has undertaken claying in the past and found it does work but the cost is prohibitive and he has
found that mouldboard ploughing gives a similar yield response but for only one-fifth of the cost of claying.
It is not known how long the benefits of ploughing will last although significant yield increases have been
measured four and five years after ploughing in some long-term trials.

Conclusion
Andrew’s management of water repellence demonstrates that a strategy of affordable progressive
amelioration and better sowing methods for the rest of the crop can be a successful and profitable
approach for managing soil water repellence.
On-farm testing of water repellence management options can help confirm which strategies are likely to be
successful and profitable on particular soils and landscapes.
The use of winged paired-row systems, winged points, banded-wetting agents, on-row seeding or
broadcast spreading a proportion of the seed ahead of the bar can all potentially improve the effectiveness
of sowing on water repellent soils and this is the subject of ongoing research.

Photo: Impact of mouldboard ploughing of pale deep strongly repellent sand conducted in 2010 (on right)
on barley establishment and growth compared with an untreated control (on left).
Acknowledgements
We particularly thank Andrew and Gina Kenny, family and staff for trial establishment, support and allowing access to the site. Research funded by
DAFWA & GRDC through the ‘Delivering agronomic strategies for water repellent soils in WA – DAW00204’ project and by the West Midlands
Group. Kari-Lee Falconer’s involvement is supported by DAFWA through the ‘Bridging the Yield Gap’ project. For more information contact Stephen
Davies, Research Officer, Geraldton on 9956 8515 or email stephen.davies@agric.wa.gov.au.

41

Northern Agricultural Region Trials and Demos 2013 | Soil Management

Evaluating methods for improving the efficacy of furrow sowing on
water repellent sandplain soils
Summary
Early sowing into variable soil moisture conditions, with dry soil over some moisture, resulted in partial crop
emergence with the majority emerging several weeks later after rain.
The wetting agent improved crop emergence with this subsequent germination. On average the wetting
agents increased the yield over knife points by 41 per cent (470 kg/ha) on the pale sand and 265 kg/ha on
the sandy gravel.
Paired row seeding increased yield by 60 per cent (685 kg/ha) and 33 per cent (540 kg/ha) on the pale
sand and sandy gravel, respectively.

Background and Aim
Both growers and researchers have found that furrow sowing with knife points on water repellent sandplain
soils is often ineffective with poor crop establishment.
The problem appears to be caused by dry repellent soil flowing around the knife point and being
concentrated with the seed and fertiliser in the base of the furrow.
The problem is exacerbated in severely repellent soils when dry sowing and in seasons with a dry start.
Possible solutions include modifying the seeding point or boot design to prevent the repellent soil from
flowing back into the furrow or to help the furrow wet up through the use of banded wetting agents.
This trial aims to test whether crop establishment and productivity using furrow sowing can be improved on
water repellent sandplain soil by using alternative sowing points, sowing boots and banded wetting agents
compared with standard knife points.

Trial Details
Property

Soil type
Sowing Date
Seeding Rate
Fertiliser (kg/ha)
Paddock rotation
Growing Season Rainfall

Location: Colin McAlpine, “Sandown“, Marchagee Track (Trial site),
Badgingarra Property ID: 1045370 Map Reference: Projected (UTM):
357679.52mE 6651498.05mN zone: 50 Geographic: 115.521 deg
Longitude -30.26 deg Latitude
Pale deep sand and sandy gravel
Sown with the DAFWA Research Airseeder 18 May
70 kg/ha Mace wheat
25kg/ha MacroPro Trace
Lupins 2011; Wheat 2012
325 mm

Treatments:
1. Knife Point A (Control)
2. Knife Point A + Banded wetting agent A at 1L/ha
3. Knife Points + Banded wetting agent B at 1L/ha
4. Knife Points B
5. Winged Point B
6. Winged paired row (single row sown behind boot)
7. Winged paired row (twin row sown)
All using wide DBS presswheels 75 mm wide.
Experimental Design:
Randomised complete block design with 4 replicates each plot ran from deep sand to shallow gravelly sand
over gravel about 300 m away.
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Results
Early sowing (17 May) into highly variable and marginal soil moisture conditions, with dry soil over some
moisture, resulted in partial crop emergence with the majority of plants emerging 3 weeks later following a
>20 mm rainfall event.
The wetting agent improved crop emergence over knife points alone with this subsequent germination
suggesting it had remained active for the 3 week dry period.
Banded wetting agents increased total establishment by an average of 36 per cent (15 plants/m2) in the
pale deep sand and by 48 per cent (18 plants/m2) in the sandy gravel (Figure 1).
The paired-row (both rows sown) treatment increased overall crop establishment by 31 per cent (13
plants/m2) in the deep sand and by 66 per cent (25 plants/m2) in the sandy gravel (Figure 1).
The sandy gravel had more soil moisture in the subsurface soil than the deep sand at seeding and the
winged points appeared to delve more of this moist soil into the seed zone improving early emergence on
the sandy gravel but not the deep sand (Figure 1).

Wheat establishment (plants/m2)

Figure 1. Wheat establishment (plants/m2) in response to different seeding point designs and banded
wetting agents (wetter) used in water repellent pale deep sand and sandy gravel at Badgingarra in 2012.

70
60

Deep Sand
Sandy Gravel

50
40
30
20
10
0

Both banded wetting agents and a paired row seeding both had significant yield increases over knife points
alone (Figure 2).
On average the wetting agents increased the yield over knife points by 46 per cent (507 kg/ha) on the pale
sand and 35 per cent (523 kg/ha) on the sandy gravel.
Paired-row seeding, with both rows sown, increased yield by 88 % (965 kg/ha) on the pale deep sand and
43 per cent (650 kg/ha) on the sandy gravel. Winged points gave a 33 per cent yield increase (500 kg/ha)
on the sandy gravel but showed no yield benefit on the deep sand (Figure 2).
On the pale deep sand there was no impact of treatment on grain protein which ranged from 12.2 to 12.5
per cent across the treatments (data not shown). On the deep sandy gravel marginal (0.2 per cent)
increases (90 per cent confidence of a real difference) in grain protein were measured for one of the soil
wetting agents (wetter A), winged points and the Stiletto, single row sown treatments (data not shown).
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Figure 2. Impact of seeding systems on wheat yield grown in water repellent pale deep sand and sandy
gravel at Badgingarra in 2012.
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Figure 3. Impact of seeding systems on screenings (%) for wheat grown in water repellent pale deep sand
and sandy gravel at Badgingarra in 2012.

4.0
3.5

l.s.d. (0.10)
sand

l.s.d. (0.10)
sandy gravel

Deep Sand
Sandy Gravel

Screenings (%)

3.0
2.5
2.0
1.5
1.0
0.5
0.0

On the sandy gravel soil the knife point control had screenings of 3 per cent and the use of banded wetting
agent and winged paired-row seeding decreased this to 2.5 per cent (Figure 3) with smaller but still
significant declines in screenings for these treatments on the deep sand.
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Grass weed ratings indicated that the banded wetting agent treatments had less weed numbers than the
knife point control on both soil types while the paired row (both rows sown) treatment had less on the deep
sand soil (data not shown).
Weed seed counts indicated that all treatments had large reductions in ryegrass seed set on the sandy
gravel soil but only the banded wetting agents reduced brome grass seed set on the sandy gravel. There
was no effect of treatment on grass weed seed set on the pale deep sand (data not shown).

Conclusion
This and other research demonstrates that it is possible to improve crop establishment and productivity on
water repellent soils using modified furrow sowing techniques.
Banded wetting agents are helpful with early dry or partially dry sowing before opening rains but show less
benefit later in the sowing program when there has already been rain and the soil has started to wet up
more (see Banded wetting agent paper West Midland Group 2012 research annual).
In very erodible conditions with high wind erosion risk the use of this strategy may be safer than the options
with winged points or boots due to less soil disturbance and release of root anchorage for existing plant
cover.
Optimal wetting agents for West Midland Group areas still need identification.
Winged points and winged-paired row systems perform better than knife points under certain soil conditions
but the benefits are variable and in some sowing conditions may provide little benefit.
Further research is required. Winged points look most attractive when shallow moist soil can be ‘delved’ to
the seed zone to provide early establishment (as in the winged knife point on the gravelly sand with shallow
moisture).
Simple approaches like sowing next to or at a shallow angle across the previous year’s crop row and
broadcast spreading a portion of the seed in front of the seeding tynes are relatively simple approaches
that can provide establishment benefits.

Photo: Fitting up the research airseeder.
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Photo: Primary Sales knife point with Stilleto.

Photo: Winged point.
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Large lupin yield responses to amelioration of water repellent soil
Summary
Soil amelioration treatments increased lupin grain yield on water repellent pale deep sand in 2012, the
second year after treatments were applied.
Lupin grain yield increases of over 1 t/ha were achieved for mouldboard ploughing, rotary spading and clay
spreading. Shallower cultivation using offset discs or one-way ploughing and increased lupin grain yields by
between 320 and 380 kg/ha, respectively.
All the soil amelioration treatments have had a positive net benefit while the two-year return on investment
was highest for offset discs, rotary spading and mouldboard ploughing.
The high initial cost of claying resulted in a lower return on investment over two years despite excellent
productivity gains but claying did have the best crop establishment and reduced wind erosion.
One-way ploughing showed little benefit in year 1 due to wind damage but recovered well in the second
year. The trial demonstrates the effectiveness and profitability of the amelioration options.

Background and Aim
A range of options exist for managing soil water repellence in cropping systems. Mitigation options include
furrow sowing and banded soil wetting agents that assist water entry into repellent soils. They are relatively
cheap to implement each season but need to be repeated every year.
Soil amelioration options include one-off mouldboard ploughing, rotary spading and claying that either
physically remove or overcome the topsoil water repellence. These options can give longer term benefits
but are slow to implement and can be expensive.
Mouldboard ploughs and rotary spaders overcome repellence by engaging the subsoil and bringing to the
surface either a layer or seams of subsoil that are non-repellent while burying at depth the repellent topsoil.
These layers or seams of non-repellent subsoil brought to the surface provide pathways for water entry into
the soil.
In many cases these tools have proven to be very successful and yield increases have been significant in
the first year, often in excess of 500 kg/ha, however both the mouldboard plough and the rotary spader are
costly to purchase and to use.
One-way disc ploughs can still be found and are relatively cheap to use and maintain and may offer a
cheaper alternative to the more expensive deep cultivation techniques.
To be effective the one-way plough would need to work in the subsoil and tip the soil on its side so that
columns of subsoil are created that could act as pathways for water entry into the repellent topsoil.
In this on-farm demonstration one-off one-way ploughing is compared with other soil amelioration
techniques, including mouldboard ploughing, rotary spading and claying and with shallow cultivation using
offset discs.

Trial Details
Property
Soil type
Sowing Date
Crop variety
Seeding Rate
Growing Season Rainfall

Colin McAlpine, ‘Sandown’, Badgingarra
Pale deep water-repellent sand
28 May 2012
Tanjil lupin
80 kg/ha
325 mm

Crop Rotation

Wheat 2009, Lupin 2010, Wheat 2011, Lupin 2012
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Soil amelioration treatment list:
1. Control - untreated
2. Mouldboard ploughing to ~35 cm, April 2011
3. Clay-spreading, 120 t clay-rich subsoil/ha, April 2011, shallow (10 cm) incorporation
4. Rotary spaded to ~35 cm, April 2010
5. Offset discs to ~10 cm, April 2011
6. One-way disc plough to ~15 cm, April 2011

One-way
plough

Control

Offset
discs

Control

Rotary
Spader

Control

Clayed

Control

Mouldboard
plough

McKays Rd

Trial design, large in-paddock unreplicated strip treatments (9 m x 190 m) with repeated controls

Results
Harvest results are based on three transects of hand harvest cuts. For each cut, plant number, total shoot
dry weight and seed dry weight were recorded.
Unfortunately machine harvest grain yield could not be collected in 2012 and it should be noted that hand
cuts can overestimate yield and, in a more variable crop like lupin, it can be difficult to get an accurate yield
estimate.
Despite not being a fully replicated trial, repeated control plots were included in the design which takes into
account site variation so that treatment differences can be compared with the nearest control.
Figure 1.Lupin plant number (plants/m2) measured from harvest cuts at crop maturity.
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In general, establishment was still highly staggered at the site, particularly in the control treatments.
Early (21 June) establishment was best for clayed, spaded and one-way ploughed but by harvest time late
emergence on the control plots in particular had reduced the difference in plant numbers (Figrue 1).
Despite some recovery of plant numbers in control treatments subsequent crop growth was poor; plants
were small which was reflected in low grain yield per plant (Figure 2), low biomass (Figure 3) and low grain
yield (Figure 4) in the untreated plots.
Mouldboard ploughing
Establishment was low (Figure 1) possibly due to fairly poor inversion with the repellent topsoil not
completely buried below the seeding depth. Despite lower plant numbers plant growth was good and plants
in the mouldboard treatment had equal highest weight of seed per plant along with spading and one-way
ploughing, and much higher yield per plant than the untreated control (Figure 2). Shoot biomass was
increased by 2.09 t/ha over the untreated control (Figure 3), a 91 % increase, which also represents
significantly higher inputs of legume-derived N. Grain yield showed similar trends with mouldboard
ploughing increasing the grain yield by 1.03 t/ha, a 104 % increase (Figure 4). Compared with the other
treatments mouldboard ploughing had poorer establishment but compensated for this with better plant
growth and yielded similarly to the best of the other treatments, namely claying and spading.
Rotary Spading
The rotary spading strip was done a year before the other treatments, so is now in its third season since
being implemented, and it is encouraging to see ongoing benefits. Establishment was improved a little by
spading compared to its neighbouring controls (Figure 1), an increase of nearly three plants/m2, an 11 %
increase. What stood out visually was the excellent and vigorous crop growth in the spaded treatment.
Shoot biomass (Figure 3) was increased by 2.47 t/ha (78% increase) and grain yield (Figure 4) by 1.17 t/ha
(82 % increase). It was clearly obvious that weed numbers and weed growth were also highest on the
spading with a lot more wild radish in this treatment. Overall, rotary spading together with claying has been
one of the best performing treatments and it is hoped that, with the improved fertility coming from bigger
biomass lupin crops, subsequent cereal crops will continue to benefit from this treatment. Good weed
control needs to be maintained after spading.
Figure 2. Total weight of seed per plant for lupin grown on pale deep sand, Badgingarra, 2012.
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Claying
The clay spreading treatment had the best and most consistent establishment (Figure 1) and establishment
appeared less staggered for this treatment. Overall, seed yield per plant was lower for this treatment
compared with mouldboard plough and rotary spader treatments (Figure 2) but this appeared partly due to
more even establishment and consistent and moderate plant size. Due to higher plant numbers however,
biomass (Figure 3) and grain yield (Figure 4) for the claying treatment was good. Compared to the
appropriate neighbouring controls claying increased biomass by 2.35 t/ha (90 % increase), grain yield by
1.12 t/ha (99 % increase). Claying on this pale deep (gutless) sand at a moderate clay rate is one of the
highest performing treatments along with rotary spading with the added advantage of protecting the soil
from wind erosion better than the other treatments.
Offset discs
Shallow cultivation of water repellent soils, in this case using offset discs, will reduce water repellence to
some degree. This is a consequence of a reduction in organic matter, some dilution of the repellent topsoil
due to the mixing process. It is anticipated that the benefits from such approaches will be relatively shortlived. However, in 2012, the benefits from the 2011 offset disc treatment could still be observed. Plant
establishment (Figure 1) was increased by 12 plants/m2, a 47 % increase compared to the neighbouring
controls. Shoot biomass (Figure 3) was increased by 0.71 t/ha (20 % increase) and grain yield (Figure 4) by
0.32 t/ha (20 % increase). Seed weight per plant was not significantly different to the nearby control
treatments.
One-way plough
For one-way ploughing there appeared to be no significant increase in plant numbers compared to its
nearest control (Figure 1) and no significant increase in seed weight per plant. However higher trends in
both of these still resulted in an increase in shoot biomass (Figure 3) of 0.72 t/ha (19 % increase) and grain
yield (Figure 4) by 0.38 t/ha (23 % increase). Overall, the benefit to one-way ploughing was very similar to
the offset discs despite a somewhat deeper working depth for the one-way plough. Like the offset discs the
interesting question for the one-way plough treatment is how long the benefits may last.
Figure 3. Total shoot biomass (t/ha) for lupin grown on repellent deep sand, Badgingarra, 2012.
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Figure 4. Grain yield (t/ha) for lupin grown on repellent pale deep sand at Badgingarra in 2012.
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Economics
The net two-year benefit and return on investment (ROI) has been determined for the first two years of the
trial (Table 1).
Estimated costs for the amelioration treatments are based on owner-operated and contract rates. Grain
prices were based on 2011 wheat (APW2) price of $280 /t and a 2012 lupin price of $300 /t.
Benefits associated with some of the treatments such as weed control for the mouldboard plough and
reduced wind erosion for the claying treatment have not been included.
The one-way ploughing treatment was the most affected by wind erosion in 2011, resulting in a loss in grain
yield and income which has substantially reduced the net benefit and the return on investment for this
treatment (Table 1).
Of the other treatments rotary spading and mouldboard ploughing had the highest net benefit, driven
largely by large lupin yield benefit measured in 2012.
Claying also had impressive yield gains and substantial increases in income (Table 1) but the high cost of
this treatment reduced the two-year net benefit and return on investment relative to the deep cultivation
treatments.
Given that claying can show benefits for decades the fact that the high cost has been covered in two years,
means any long-term benefits should improve net benefit and ROI for this treatment over time.
Offset discs have shown some grain yield increases and useful increases in income and given the lower
cost this treatment has the highest ROI so far of $4.17 return for every dollar invested (Table 1).
Ongoing measurement of yields at the site will determine how long the benefits of offset disc ploughing will
last but even the two-years of benefit has been profitable.
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Table 1. Soil amelioration treatment impact on grain yield and income, net 2-year benefit and 2-year return
on investment (ROI) for Mace wheat (2011; grain value $280 /t) and Tanjil lupin (2012; grain value $300 /t)
grown on pale deep water repellent sand at Badgingarra.

Treatment
Mouldboard
Plough
Clay (100t/ha)
Rotary Spader
Offset Discs
One-way Plough

Estimated
cost
($/ha)

Change in
grain yield
(t/ha)
2011
2012

$120

0.09

$400
$150
$30
$30

0.37
0.46
0.10
-0.23

2011

2012

Net
2-year
Benefit
($/ha)

1.03

$25.48

$307.70

$213.18

2.78

1.12
1.17
0.32
0.38

$104.44
$127.54
$28.28
-$63.00

$337.19
$349.89
$96.84
$113.93

$41.63
$327.43
$95.12
$20.93

1.10
3.18
4.17
1.70

Income
change ($/ha)

2-year
ROI

Conclusion
Pale deep sand has inherently poor yield potential and given the high cost of the water repellence
amelioration treatments it can be difficult to determine whether the investment is worthwhile.
At this site the productivity gains have been sufficient to offset the costs and be profitable for each of the
options tested.
Claying, despite being expensive, does have the advantage of being long-lasting and reduces wind erosion
risk.
Shallower cultivation with offset discs or one-way ploughing can give profitable improvements but the
example of the one-way plough demonstrated that the benefits can be reduced or even negated by wind
erosion damage.
It should be noted that other research indicates that improving the effectiveness of the seeding operation
can give yield gains of similar magnitude or even greater than those measured for the offset discs without
the erosion risk.
Exploring this possibility is probably a first step for growers looking to manage repellence on these soils.
Acknowledgements
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Lupin yield when pasture cropped over subtropical pastures
Summary
Results over three seasons have shown that pasture cropping can be viable in the northern agricultural
region, however, grain yield is dependent on effective weed control, adequate fertility and moisture, and
winter dormancy (or suppression) of the perennial pasture.
Pasture cropping can also provide out of season fodder, improve the feed value of stubbles, and reduce the
likelihood of wind erosion and groundwater recharge on deep sandy soils.

Background and Aim
Deep sandy soils are a major part of the landscape in the Northern Agricultural Region, however, the
productivity of these soils is generally low and they are prone to wind erosion.
There is a need to evaluate alternative options to lift productivity on these soils and reduce susceptibility to
erosion.
Over the past four years personnel with the Future Farm Industries CRC’s EverCrop project have been
evaluating the viability of pasture cropping over different subtropical perennial species at a focus site southwest of Moora.
Results to date have been very promising with little or no yield penalty (0-15 per cent) in barley (Ward et al.,
2012).
Last year (2012) the performance of a lupin crop sown over different subtropical species was evaluated.

Trial Details
Property
Soil type
Sowing Date
Seeding Rate
Fertiliser inputs
Herbicide inputs

Paddock rotation
Growing Season Rainfall

‘Yanda’ (Chris Vanzetti’s) ~ 20 km south-west of Moora
Deep pale sand: surface pH(CaCl2), 5.3 and OC, 1.1% (0-10 cm)
15 May (sown dry with discs)
120 kg/ha, ‘Wonga’ Lupin (180 mm row spacing)
150 kg/ha big phos manganese + 50 kg/ha murate of potash (22 May);
60 kg/ha urea (7 Aug) + 100 kg/ha Urea (30 Aug), High-N treatments only
1 L/ha SpraySeed® + 1.5L/ha Simazine (15 May) - Knockdown
0.5 L/ha Simazine + 150 mL/ha Brodal® (29 Jun) – Broadleaf selective
100 mL/ha Verdict® + 0.5 L/ha Uptake (9 Jul) – Grass selective
800 mL/ha Gramoxone® (23 Oct) – Croptopped
Lupin (2012), Barley (2011), Lupin (2010), Barley (2009)
258 mm

Perennial pastures — Gatton panic (Megathyrsus maximus), Katambora Rhodes grass (Chloris gayana)
and Aztec Siratro (Macroptilium atropurpureum) — were established in September 2008 on a deep sandy
soil about 20 km south west of Moora.
Row spacing was 36 cm for Siratro and Rhodes grass, and 36 or 72 cm for Gatton panic.
Crops have been sown in ‘crop only’ and ‘pasture cropped’ plots over the past four seasons (14 treatments
in total with three replicates).
This article reports on the management inputs and results for the 2012 Lupin crop.
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Results
Pasture growth
In July, the perennial grasses were severely impacted by the grass selective herbicide (100 mL/ha
Verdict®): leaves ‘browned off’ and a lot of Rhodes grass plants were killed.
Recovery was best in Gatton panic; however, green feed under the crop was still low at harvest (8 Nov):
<500 kg/ha for Gatton panic and <200 kg/ha for Rhodes grass.
In summer (2012/13), the perennial grasses ‘fired up’ after some significant rainfall events (126 mm, NovJan). Results for green-feed-on-offer, two months after harvest are in Table 1.
Table 1. Green feed available to livestock (t/ha) two months after harvesta

Treatment
Control - No perennial
Gatton panic - 36 cm
Gatton panic - 72 cm
Rhodes grass - 36 cmb
Siratro - 36 cmc

Pasture crop treatments
N Low
N High
0
0
0.87
1.33
1.01
1.47
0.75
0.96
0.38
0.63

Permanent pasture
1.41
1.64
0.91
0.21

a

Additional nitrogen (80 units) was topdressed on ‘High N’ treatments (Aug); lsd (5 per cent) = 0.3.
Verdict® (grass selective herbicide) had a severe impact on Rhodes grass density.
c
The density of siratro was <1 plant/m2.
b

Crop performance in 2012
Lupin establishment was good (44 plants/m2 overall) but growing season rainfall (258 mm) was well below
average. The wettest month was June (108 mm), July was dry (just 29 mm) and 53 mm fell in September
during grain fill.
Lupin grown in line with district practice (without a perennial base, or nitrogen) yielded 1.4 t/ha (Table 2).
Using this as a reference (or ‘control’) there did not appear to be any significant yield penalty for crops
sown across perennial grass treatments in line with district practice. By contrast, topdressing additional
nitrogen (80 N) reduced grain yield relative to the control for Gatton panic treatments (13-28 per cent).
The ‘high N’ treatments were included to evaluate crop and pasture performance in situations where
nutrition was not limited for either the crop or pasture base. Interestingly, there appeared to be greater
growth of grass weeds and Gatton panic in the ‘high N’ treatments which might account for the yield
penalty.
Table 2. Wonga lupin performance when sown across different perennial pastures and fertilized at two
rates of nitrogena.
Pasture base and
row spacing
Control - No perennial
Gatton panic - 36 cm
Gatton panic - 72 cm
Rhodes grass - 36 cmb
Siratro - 36 cmc

Grain yield (t/ha)
Low N
%
1.43
100
1.61
113
1.33
93
2.04
143
1.55
108

High N
1.63
1.17
1.42
1.51
1.52

%
100
72
87
93
93

a

Additional Nitrogen (80 units) was topdressed on ‘High N’ treatments (Aug); lsd (5 per cent) = 0.3.
Verdict® (grass selective herbicide) had a severe impact on Rhodes grass.
c
The density of siratro was <1 plant/m2;
b
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Grain yield and soil water results from previous seasons (2009–2011) were reported by Ward et al. (2012).
In brief, barley yields were similar in all plots in 2011 (3.3 t/ha); the lupin crop failed in 2010 due to drought;
and barley yield was slightly depressed in ‘High N’ treatments in 2009, possibly due to increased
competition from the pasture base.
Water in the top 1.2 m of soil was similar during the winter growing season for all treatments but about 100
mm lower under perennial than under the ‘crop only’ plots for the summer and autumn periods. The good
yields over time are possibly due to better water and nutrient cycling in the ‘pasture cropped’ plots offsetting
the impact of competition for water.

Photo: Pasture cropping provides a double income stream: grain yield and green feed over summer.

Photo: Lupin sown into Gatton panic.
Acknowledgements
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Herbicide tolerance of Gatton panic and Rhodes grass during winter
Summary
Gatton Panic (Megathyrsus maximus) and Rhodes grass (Chloris gayana) pastures appear to have good
tolerance to many herbicides commonly used in wheat, lupin and canola production e.g. Achieve®,
atrazine, Decision®, Jaguar®, simazine and the knockdown herbicide glyphosate (540 ai) at 1 L/ha.
The ninemonth old subtropical grasses suffered severe damage and some plant death with Fusilade®
(Fluazifop-P), Select® (Clethodim), Topik® (Clodinafop-propargyl) and Verdict® (Haloxyfop). Rhodes
grass was more sensitive than Gatton Panic.
Intervix®, Midas®, and Raptor® suppressed growth of Gatton panic and Rhodes grass over winter without
jeopardising persistence of the perennial base. This might extend pasture cropping to include Clearfield
products. The use of Raptor® might also assist in the establishment of serradella as a companion legume
in perennial grasses pastures.

Background and Aims
Uncertainty about the tolerance of subtropical grasses to herbicides is constraining the performance of
perennial grass systems. Pasture performance is often poor due to a high proportion of annual weeds, and
when pasture cropped, crop performance is often poor simply due to inadequate (or no) in-crop weed
control.
Over the past two years the Future Farm Industries CRC’s EverCrop project has sought to identify safe
herbicide options for subtropical perennial grasses ― options that control weeds without jeopardizing the
productivity and persistence of the perennial base.

Trial Details
In 2012 two herbicide tolerance trials (17 treatments overall, Table 1) were implemented across Gatton
Panic and Rhodes grass plots that had been sown nine months earlier on a deep pale sand near Arrino,
WA.
The area was sprayed with SpraySeed® (2 L/ha) on 16 May to remove the initial flush of annual weeds and
mown (~5 cm high) on 14 June to provide a uniform pasture (i.e. similar height and leaf age) before
applying herbicide treatments on 5 July 2012.
Plots were 3 m by 15 m and there were three replicates per treatment. The treatments were rated visually
every 3 to 4 weeks (Jul-Sep) using a scale from one (no damage) to 10 (death).

Results
As in 2011 (see Borger and Ferris 2012), subtropical grasses sprayed with 1 L/ha glyphosate (540 ai),
recovered well with the onset of warm spring conditions; likewise there was no apparent damage to Gatton
panic and Rhodes grass plots sprayed with triazine or broadleaf selective herbicides (Table 1).
The impact of grass selective herbicides differed according to herbicide chemistry. Gatton panic and
Rhodes grass were tolerant of Achieve®, Axial®, Crusader®, Decision® and Factor® at label rates.
By contrast, three ‘fop’ and one ‘dim’ herbicide had a severe impact on Gatton panic and Rhodes grass
plots; and persistence was jeopardized because some plants were killed.
For Gatton panic plots, Fluazifop-P (Fusilade® at 820 mL/ha) killed 69per cent of plants, Haloxyfop
(Verdict® at 100 mL/ha) 49 per cent, Clodinafop (Topic® at 210 mL/ha) 24 per cent, and Clethodim
(Select® at 500 mL/ha) 10 per cent of plants.
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Table 1. Damage scores for Gatton panic and Rhodes grass plots after spraying with selective herbicides
on 5 July (1=no damage, 10=complete plant death).
Product*

Rate/ha Active ingredient

Achieve®
Atrazine#
Axial®

500 g
1.6 L +
1.6 L
300 mL

Crusader®
Decision®

500 mL
1L

Factor®
Fusilade®
Jaguar®

180 g
820 mL
750 mL

+ Decision®

1L

Midas®

900 mL

Roundup
PowerMAX®
Intervix®

1L

Raptor®
Select®
Simazine#
Topik®
Verdict®
NIL

50 g
500 mL
1.5 L
210 mL
100 mL

750 mL

Tralkoxydim (400 g/kg)
Atrazine (600 g/L)

Gatton Panic
Maximum 19
damage
Sep
3.3
2
1.3
1

Rhodes grass
Maximum 19
damage
Sep
4.5
1.8
1.3
1

Pinoxaden (100 g/L)

2.7

2.7

3.5

3.5

Pyroxsulam (30 g/L)
Diclofop-methyl (200 g/L) +
Sethoxydim (20 g/L)
Butroxydim (250 g/kg)
Fluazifop-P (128 g/L)
Bromoxynil (250 g/L) +
Diflufenican (25 g/L)
Diclofop-methyl (200 g/L) +
Sethoxydim (20 g/L)
MCPA (288.5 g/L) +
Imazapic (22 g/L) +
Imazapyr (7.3 g/L)
Glyphosate (540 g/L)

4.2
2

1.7
1

3
2.8

1.2
1.7

2.2
9.5
1

1.7
7.8
1

3
8.8
1

2
8.2
1

6.3

3

6.3

4.3

7.5

1

7.2

2.2

Imazamox (33 g/L) +
Imazapyr (15 g/L)
Imazamox (700 g/kg)
Clethodim (240g/L)
Simazine (500 g/L)
Clodinafop-propargyl (240 g/L)
Haloxyfop (520 g/L)

6.3

1

5.5

1.3

5
8.3
1
7.5
8.8
1

1.3
3
1
4
6.5
1

5.8
8.7
1
8.3
9
1

2.5
8
1
7.2
8
1

* Plus wetter/adjuvant recommended on product label. Date for maximum damage score varied with
herbicides.
# Simazine was applied on 16 May and atrazine on 6 May and 5 July (split application).
An interesting discovery was the response of Gatton panic and Rhodes grass to imidazolinone herbicides.
Intervix®, Midas® and Raptor® appeared to suppress growth of the perennial grasses over winter without
any lasting damage to the perennial base.
Of these, Midas® caused the most severe and prolonged damage. Further work is required to confirm the
safety of these products across a wider range of environments and time of year.
Thus it is important not to make any decision solely on the basis of these experimental results but to seek
specialist advice before applying herbicides to perennial pastures.

Conclusion
This research has identified grass-selective herbicides that might be used to control weeds when pasture
cropping across subtropical perennial grasses for grain production.
Products registered for crop production can be used when cropping over subtropical grasses provided
stock withholding period (on herbicide labels) are observed.
Thus pasture cropping across subtropical grasses should not be constrained by the lack of knowledge
about safe herbicide options for in-crop weed control.
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Photo: Impact of Atrazine (1.6 +1.6 L/ha) and Midas® (900 mL/ha) on subtropical grasses two months after
spraying.
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Effect of seed quality and source on establishment of sub-tropical
grasses
Background
The establishment of sub-tropical grasses has improved dramatically over the last five to seven years.
Major contributing factors have been furrow sowing, better weed control and the development of an
establishment package for sub-tropical grasses.
An important aspect of the ‘package’ is sowing good quality seed with low dormancy.
A survey of commercial seeding operations in 2006 found the four major causes of establishment failure
were: (i) sowing too deep; (ii) poor seed quality; (iii) incorrect time of sowing; and (iv) incorrect machinery
configurations (R. Yates, unpublished data).
Seed quality
The quality of sub-tropical grass seedlots can vary widely in terms of germination, purity and dormancy.
Poor seed quality can be a major limitation to successful establishment. The germination of sub-tropical
grass seedlots can vary from as low as 10 per cent to more than 60 per cent.
Seed of panic grass, setaria and signal grass display a period of postharvest dormancy. In this condition,
seeds are viable but are not able to germinate. On seed labels and certificates, the term ‘fresh seed’
equals dormant seed. High levels of seed dormancy at sowing present a problem for two reasons. First,
establishment is likely to be much lower than expected given the seeding rate. Second, seeds that later
come out of dormancy and germinate long after the optimum sowing window are less likely to establish
successfully.
After a period of storage, germination improves as the seeds undergo biochemical and physiological
changes. The time required to reach acceptable germination levels varies between species and storage
conditions (temperature, moisture). In general, panic grass seed requires 8–10 months to achieve
maximum germination. Signal grass also has a long period of after-ripening dormancy, while Rhodes
grass, digit grass and kikuyu exhibit little or no seed dormancy.
On the other hand, sub-tropical grass seed does not have a long storage life. In a storage experiment the
germination of Rhodes grass seed began to decline after about 12 months’ storage.
Sub-tropical grass seeds are often sold with brightly coloured coatings, which consist of polymers that
pelletise the seed and bind together a range of chemicals, such as fungicides, insecticides, nutrients, seed
primers and lime.
Coated seeds have several advantages over naked seeds. They are easier to handle and flow more easily
through seeding machinery; this is particularly the case with fluffy-seeded species, such as Rhodes grass
and digit grass. By comparison, uncoated seeds of these species need to be mixed with a carrier, such as
fertiliser, to enable the seed to flow through machinery. The bright colour of the seed coating also enables
easy checking of seed placement.
The main disadvantage of seed coatings is that they markedly increase seed size, which means a large
reduction in the number of seeds per kilogram.
The main sub-tropical grass species used in the Northern Agricultural Region are Gatton panic and Rhodes
grass. In this trial we evaluate coated and uncoated Gatton panic (Heritage seeds) from the same seed
batch, plus seed purchased in different years including two older seed lots that have been in storage for a
few years.
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Aim
To demonstrate the effect of different seed sources and seed quality on the establishment of sub-tropical
grasses

Trial Details
Property
Soil type
Plot size
Machinery used

Pasture and varieties

Sowing Date
Seeding Rate
Fertiliser (kg/ha)
Herbicides
Paddock rotation
Growing Season Rainfall

Kariba’ - Callum Scott, Garibaldi-Willis Rd, Eneabba;
(-29.84903, 115.51984)
Moderately deep sand over gravel
10 m x 3.2 m
Cone seeder (Department of Agriculture and Food, WA), set up for
sowing perennial grasses with a modified scalping point, followed by a
depth wheel for accurate seed placement with a press wheel in line.
The treatments include Gatton panic from 5 different seed sources and/or
years, two Katambora Rhodes grass lines from different years and two
seed mixes which have been in storage for a few years.– refer to Table 1.
22 Aug 2012 - considered close to the optimum time for this district.
All coated seed - 4.0 kg/ha. Uncoated Gatton panic - 2.0 kg/ha (Table 1).
No fertilizer was applied at seeding.
Knockdown - glyphosate in early August

Small plot trial with nine perennial grass lines in a randomized block design with 3 replicates.

Results
The coated seed was sown at 4 kg/ha, the uncoated Gatton panic at 2 kg/ha and the two seed mixes (60
per cent Gatton panic, 20 per cent signal grass and 20 per cent Rhodes grass) at 4 kg/ha, but the number
of viable seeds per m2 varied between treatments.
This was due to the seed coatings which varied widely as indicated by the 1,000 seed weight, while the
germination varied from 11 to 65 per cent.
The net result was that for the 7 single species seed lots the number of viable seeds per square metre
varied from a low of 22 to 109/m2 (Table 1).
The two seed mixes had been in storage for 3 and 4 years.
The seed mixes both contained 30 per cent uncoated Gatton panic, which represented 66 to 68 per cent of
the seed lots by seed number, but had nil to very low germination. On the other hand, the coated Gatton
panic seed had germination of 26 to 30 per cent, while the Rhodes grass had moderate to very good
germination, but represented a very low seed number per square metre.
In both seed lots the signal grass had nil germination after 17 days.
The net result was that when sown at 4kg/ha the seed lots were supplying 28 to 33 viable seeds/m2.
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Table 1 Eneabba Seed source trial – Summary of seed source, seed weight, germination per cent and
establishment (seedlings/m2) and strike rate.
Treat
ment
No.

Year
of
purch
ase

Seed
source

Species/Va
riety (& for
mixes %
by weight)

Coated
or
uncoat
ed

1000
seed
weigh
t (g)

Sow
ing
rate
(kg/
ha)

See
ds
per
2
m

1

2011

Envirogro

coated

1.10

4.0

2

2012
2012

Uncoat
ed
coated

0.53

3

Heritage
Seeds
Envirogro

4

2011

Envirogro

5

2012

6

2012

Heritage
Seeds
Envirogro

7

2011

8

2008

Katambora
Rhodes
grass
Gatton
panic
Gatton
panic
Gatton
panic
Gatton
panic
Katambora
Rhodes
grass
Gatton
panic
30%
Gatton
panic
30%
Gatton
panic
20% Signal
grass
10%
Rhodes
grass
(green)
10%
Rhodes
grass
(blue)

9

2010

Heritage
Seeds
Evergree
n
Northern
mix

Evergree
n
Northern
mix

% of
seed
mix by
seed
number

Germ.
%
(after
17
days)

Viabl
e
seeds
per
2
m

Establish
ment
2
Av/ m

364

30

109

2.8

Strike
rate %
(seedling
s per 100
viable
seeds)
3

2.0

376

13

49

24.3

50

5.22

4.0

77

45

34

13.4

39

coated

3.52

4.0

114

49

56

12.1

22

coated

1.82

4.0

220

29

64

16.9

27

coated

3.96

4.0

101

65

66

13.0

20

coated

2.04

4.0

196

11

22

18.0

83

Uncoat
ed

0.53

4.0

226

65.5

0

0

14.3

76*

coated

1.66

4.0

72

21.0

26

19

Uncoat
ed
coated

3.24

4.0

25

7.2

0

0

0.2

6.00

4.0

7

1.9

34

2

0.5

5**

coated

2.62

4.0

15

4.4

45

7

345

100

28

14.9

53

226

67.9

1

2

13.8

60*

30%
Gatton
panic

Uncoat
ed

0.53

Tot
al
4.0

30%
Gatton
panic
20% Signal
grass
10%
Rhodes
grass
(green)
10%
Rhodes
grass
(blue)

coated

1.90

4.0

63

19.0

33

21

Uncoat
ed
coated

2.90

4.0

28

8.3

0

0

0.3

4.96

4.0

8

2.4

50

4

1.8

19**

coated

5.02

4.0

8

2.4

69

5

Tot
al

333

100

15.9

49

33

Note: * Strike rate is the number of panic seedlings compared with number of viable seeds (both coated
and uncoated).
** Strike rate is the number of Rhodes grass seedlings compared with the number of viable Rhodes grass
seeds both green and blue.
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The trial established well, all treatments had good to very good establishment with >12 seedlings/m2
except for Katambora Rhodes grass 2011 with only 2.8 plants/m2 (Figure 1).
The uncoated Gatton panic had the highest establishment with an average of 24.3 plants/m2, which
depending on seasonal conditions may be too high in this environment.
The seed mixes had establishment of 14.9 to 15.9 plants/m2, which was predominantly Gatton panic.
Given the very low germination of the uncoated Gatton panic and moderate germination for the coated
Gatton panic (26-33 per cent), the establishment results represent a very high strike rate for the coated
panic grass seed.
Figure 1. Establishment numbers (seedlings/m2) on October 31st
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Persistence was measured by installing permanent pegs (2 m x 3 rows per plot) with plant counts taken on
the 20th of December and 15th of February.
There was little change in the total plant number over summer to mid-February (Figure 2). However, the
size of the plants is a good indicator of plant health.
In general, the large plants have a high chance of persisting through to the break of the season, medium
size plants a good chance, while the small and/or stressed plants will require favourable conditions to
persist.
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Figure 2 Persistence of sub-tropical grasses over summer from December to mid-February.
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The seed lines with a higher plant density have a higher number of small and/or stressed plants. For
example, Gatton panic (uncoated) and Gatton panic Envirogro have the highest plant density but also the
highest number of small and/or stressed plants. The early growth of the sub-tropical grasses (panic grass,
Rhodes grass) was slow and they appeared to have been set back by low temperatures with some ‘cold
stess’. The seedlings, particularly the Gatton panic took some time to recover from the cold stress and in
mid-spring were smaller than the Gatton panic in the surrounding paddock which had less signs of cold
stress and the plants were larger even though they were sown later. By early December there was little or
no visible difference between the small plot trials and the paddock sowing.

Conclusion
All of the seed lines have established well with the exception of the 2011 Katambora Rhodes grass which
had low plant establishment (2.8 plants/m2) due to a very low strike rate. The uncoated Gatton panic from
Heritage Seeds sown at 2.0 kg/ha resulted in 24 plants/m2 compared with 16.9 plants/m2 for the coated
seed from the same batch sown at 4.0 kg/ha, although the difference by mid-February was smaller in terms
of persistence. The seed mixes in storage for 3 to 4 years resulted in surprisingly good perennial stands,
which are dominated by Gatton panic. The Rhodes grass from these mixes gave good germination test
results of 34-69 per cent, but as they are only a small proportion of the seed mix together with a low strike
rate, the Rhodes grass establishment in the field was low. The establishment of signal grass was poor
which was consistent with the germination tests. The proportion of coating to seed varies from about 3:1 up
to 10:1, so in some seed lots only 10 per cent of the weight is seed. Rhodes grass seed in particular
appears to have a high ratio of coating to seed. When purchasing sub-tropical grass seed carefully check
the seed quality.
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Effects of Time of Sowing on Sub-tropical grass establishment
Background
The district to the east of Eneabba and west of the Darling Fault (Midlands Road) has a high proportion of
sandy soils. Many of these sandy soils are marginal for growing crops, however when compared with
areas further west – the current area of perennial grasses in the district is low while there appears to be a
large area of suitable soils. However, this district is cooler in winter than the coastal areas which will impact
on perennial production over winter and also influence the time of sowing.
The correct timing of seeding is critical for the successful establishment of sub-tropical grasses. The key is
to strike a balance between rising soil temperatures in late winter and early spring versus the likelihood of
follow-up rainfall after seeding. As a result, the ideal sowing time is a compromise between sowing early
enough to enable sufficient root development before the onset of the summer drought and late enough so
that low soil temperatures do not limit germination and seedling growth.
This leads to a ‘sowing window’ for each location, which is the range of sowing dates that maximise the
chance of successful establishment. The sowing window is earlier for warmer and lower rainfall areas than
for cooler, higher rainfall areas. For the Eneabba district the sowing window is thought to be in late August.
Can the sowing window be moved earlier? This trial was set up to measure the impact of sowing ~2 weeks
before and ~2 weeks after this date.
The main sub-tropical grass species used in the Northern Agricultural region - Gatton panic and Rhodes
grass were included as monocultures and in seed mixes to assess the impact of sowing time on
establishment and composition. With the cooler conditions over winter there is interest in including
perennial veldt grass in the mix to increase perennial grass production over the growing season.

Aim
To identify the optimum sowing time for establishment of sub-tropical grasses to the east of Eneabba

Trial Details
Property
Soil type
Plot size
Machinery used

Pasture and varieties

Sowing Date

Seeding Rate
Fertiliser (kg/ha)
Herbicides

Kariba’ - Callum Scott, Garibaldi-Willis Rd, Eneabba;
(-29.84903, 115.51984)
Moderately deep sand over gravel
20 m x 2.6 m
Cone seeder (Department of Agriculture and Food, WA), set up for sowing
perennial grasses with a modified scalping point, followed by a depth wheel
for accurate seed placement with a press wheel in line.
Gatton panic, Katambora Rhodes grass, Callide Rhodes grass, Mission
perennial veldt grass, Mix (75 per cent Gatton panic, 25 per cent Katambora
Rhodes grass), Mix (67 per cent Gatton panic, 22 per cent Katambora
Rhodes grass, 11 per cent Veldt grass)
TOS 1 – Aug 8 2012
TOS 2 – Aug 22 2012
TOS 3 – Sep 5 2012
Veldt grass was sown at 3 kg/ha, all other treatments were sown at 4 kg/ha,
with three times of sowing (TOS)
No fertilizer was applied at seeding
Knockdown - glyphosate - approximately 1 week before the first time of
sowing

Four perennial grasses (Katambora and Callide Rhodes grass, Gatton panic, Mission perennial veldt grass)
and 2 seeding mixes were compared in a small plot trial. The trial was a randomized block with 3 replicates
for each of the three times of sowing.

64

Northern Agricultural Region Trials and Demos 2013 | Pastures

Results
Seed Mixtures: Two seed mixes were included in the trial with the aim of measuring variety performance
within a mix over 3 times of sowing.
1. A mix of Gatton Panic and Katambora Rhodes.
2. A mix of Gatton Panic, Katambora Rhodes and Veldt grass.
The number of plants was recorded 8 weeks after the final time of sowing; Figure 1 shows the plants m2
and the species composition.
Figure 1. Establishment counts on Oct 31 (8 weeks after the third time of sowing).
25

Plants/m2

20

15

Average of Velt
m/2

10

Average of
Rhodes m/2

5

Average of
Gatton m/2

0

8/08/2012

22/08/2012

5/09/2012

8/08/2012

22/08/2012

5/09/2012

1

2

3

1

2

3

Mix Panic and Rhodes
Mix Panic/Rhodes/Veldt
seed mix and time of sowing

For both mixtures, recommended sowing date of the last week of August resulted in the highest
establishment densities. For the Panic / Rhodes mix, there was a penalty in seedling numbers for sowing
two weeks earlier or two weeks later than the recommended seeding date, but the resulting seed
composition was similar. By contrast, where veldt was included in the mix, Panic made up a lower
proportion of the pasture. If sown early, veldt makes up 46 per cent of the germinated plants, but reduced
to 25 per cent if sown at or after the last week of August.
It is important to note that there may be a difference in the persistence of individual species which will
ultimately influence the density and composition of the pasture in the longer term.
Figure 2 shows the percentage difference of the first and third times of sowing when compared to the
second time of sowing (Aug 22).
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Figure 2. Percentage difference of establishment when compared to the second time of sowing.
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The ideal time for sowing Gatton Panic was consistent with the current recommendation of late August.
Seedling numbers of Gatton Panic at this time were very good at 22 m2. Sowing on Aug 22 also
maximized germination for Rhodes grass, but unlike Panic, Rhodes grass has a wider window and may be
suitable for later sowing if needed. When seeded at the second time of sowing, Callide Rhodes produced
14 plants/m2 and Katambora Rhodes produced 11 plants/m2. Generally, the earlier sowing times were less
successful at converting seed into a seedling; the exception being Veldt grass which produced 18
plants/m2 at the second time of sowing with the trend being similar germination numbers across all times of
sowing.
The change in germination numbers were also recorded over time. Figures 3 and 4 show germination
numbers per square metre that were recorded on September 4, September 24, and October 31; that is, 0, 3
and 8 weeks after the last time of sowing. Each line on the chart represents the number of plants
germinated at each time of sowing.

Fig 3. Change in germination numbers of Gatton Panic over 7 weeks across 3 times of sowing.
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With Gatton Panic, there was little difference in germination numbers between the first and second time of
sowing when measured three weeks after sowing. As expected there were few plants germinating at the
third time of sowing at this time. When sown at the conventional time, numbers of Gatton Panic seedlings
increased from 14 plants/m2 to 22 plants/m2. The third time of sowing also showed a similar increase in
numbers, but had only established 11 plants / m2 by this stage.
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Fig 4 Change in germination numbers of Callide Rhodes over 5 weeks across 3 times of sowing.
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The window for the best time of sowing for Callide grass appears to be wider than Gatton panic, although
the first time of sowing of Callide Rhodes shows only 4.5 plants/m2 by September 24 and increases to only
2.6 plants/m2 by October 31. The numbers for the second and third time of sowing show a very similar
result to each other, increasing from approximately 9 plants/m2 to 14 plants/m2 over five weeks.

Conclusion
The early growth of the sub-tropical grasses (panic grass, Rhodes grass) was slow and they appeared to
have cold stress. The seedlings were cold stressed with all three times of sowing and they took a while to
recover.
An interesting observation was that the surrounding paddock was sown to a sub-tropical grass mix (Gatton
panic and Rhodes grass) just before the third time of sowing, however the early growth of the perennial
seedlings in the paddock was superior to the small plot trials. Gatton panic is apomictic (i.e. all plants are
essentially clones), so any difference must be due to the environment. In this case, the markedly stronger
early growth and less cold damage may be due to the improved nutrition from the fertilizer applied at
seeding.
To evaluate whether there was a nutrient deficiency an application of fertilizer (150 kg/ha of DAP plus 100
kg/ha of MOP) was applied to half of each replicate in mid-December in a split plot design. Subsequently
there was little rainfall, so no opportunity to measure a response.
By mid-February there was not a substantial difference between the three times of sowing for Rhodes
grass and Gatton panic which makes sense as in effect the sub-tropical grasses all emerged in early to
mid-September for all three times of sowing. The only species to emerge in any numbers before the third
TOS was perennial veldt grass. However, by mid-February about 35−40 per cent of the veldt grass plants
had died and many more plants were highly stressed and may die over summer-autumn. Sowing veldt
grass in late winter – early spring with the sub-tropical grasses may not work, in that persistence over
summer may be poor. Perennial veldt grass is a C3 so does not have the same soil temperature
requirements as the sub-tropical grasses (C4). An autumn sowing may be more successful for veldt grass.
The results from this Time of Sowing trial at Eneabba in 2012 suggest little or no advantage in early sowing
of sub-tropical grasses in early August. The optimum sowing window appears to be late August with more
flexibility with Rhodes grass than Gatton panic for early sowing.
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Comparison of seeders adapted for sowing sub-tropical grasses
Background
A survey of 50 farm businesses in the Northern Agricultural region found that establishment was an issue
for many growers who are yet to sow perennial sub-tropical grasses and for those with smaller areas (<200
ha). This is not without reason, as until the mid 2000s, establishment of perennial grasses in WA at the
paddock scale was typically patchy, with areas of good plant density interspersed with many areas of poor
density.
In general, the establishment of sub-tropical grasses has improved dramatically in recent years. Leading
producers are now regularly achieving uniform establishment across the paddock each year, in spite of
variable seasonal conditions. Major contributing factors have been furrow sowing, better weed control and
the development of an establishment package for sub-tropical grasses.
Perennial grasses are often sown on infertile, sandy soils that have non-wetting surface soil and a low
water-holding capacity. For successful establishment, the non-wetting surface soil needs to be scalped
away and seeds need to be placed so that developing seedlings can utilize the available soil moisture. In
addition, sub-tropical grass seed requires precise, shallow seeding at a depth of 5–10 mm. This compares
with cereals which can be sown up to 10 cm deep. The sub-tropical grasses have very small seeds and
consequently have insufficient energy reserves to emerge from depth.
A key element of the establishment package is using a seeder specifically modified for sowing sub-tropical
grasses. Successful establishment has been achieved with a range of seeding machinery and
configurations (tynes, discs) provided the machine:
forms stable furrows that scalp away non-wetting sand, remove weed seeds and harvest rainfall
uses press wheels to provide good seed contact with moist soil
has wide row spacing (typically 50–60 cm) to allow space for annual pasture growth over winterspring.
This replicated demonstration trial compares three commercial seeders specifically adapted to sow subtropical grasses
Aim
To compare three commercial seeders specifically adapted to sow sub-tropical grasses.

Trial Details
Property
Soil type
Pasture type and variety

Sowing Date
Seeding Rate
Fertiliser (kg/ha)
Herbicides
Growing Season Rainfall

Matt Taylor’s ‘The Shiralee’ (-30.587872° 115.465104°)
Sand over gravel (north) grading to in deep pale sand (south)
Evergreen Northern mix: 70 per cent coated Gatton panic and 30 per cent
coated Rhodes grass (15 per cent Katambora Rhodes grass and 15 per
cent Callide Rhodes grass)
15 August 2012
3 kg/ha
No fertilizer was applied, except for a low rate (~30 kg/ha) of compound
fertilizer mixed with the seed for the International combine with 6” points.
A knockdown, Glyphosate 450 @ 2 L/ha + additives on 8 August 2012
299 mm (Jul 2012-Jan 2013)

The trial consisted of large farm scale plots with three commercial seeding machines with 3 replicates. For
rep 1, each machine seeded 4 runs 850 m in a north-south direction; while for reps 2 and 3, each machine
seeded 2 runs of 850 m due to space constraints.
Machinery use
The trial involved a comparison of 3 seeding combines:
Matt Taylor – 27 row Case 5126 International combine with a 6” scarifying point modified with a 6”
pipe ‘collar’ to move the sand out of the furrow, with the seed dropped into the furrow behind the
point followed by a press wheel.
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Grant Creagh – John Shearer 6 row trash culti drill modified with 2 points in line with a 7” sweep at
the front while the second 5” point acts to clean the sand out of the furrow, seed is dropped in the
base of the furrow and pressed in with a press wheel, row spacing ~55 cm.
Gavin Haywood – Disc seeder - modified 24 run A61 International combine. A furrow was created
with an offset disc and seed was dropped into the furrow behind the disc and pressed in with a
following press wheel, row spacing ~55 cm.

Results
Furrows created by seeding in sandy soil can be susceptible to sand infill which ‘effectively’ increases the
seeding depth. As sub-tropical grasses are sensitive to seeding depth, sand moving into the furrows can
reduce emergence. Sand infill before or during emergence of the seedlings is critical as later in the season
furrows may completely fill. Sand infill was measured 21 days after seeding on 5 September and again on
30 October.

Figure 1. Sand infill into seeding furrows, 21 days after seeding (5 September) and 76 days after seeding
(30 October).
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Within the trial, three sites were selected, north, centre and south. In the north the soil was a shallow sand
(~30 cm) over gravel and there was a large amount of brome grass present, while at the southern end the
soil was a pale deep sand with low groundcover after seeding. The sand infill measured on 5 September
was predominantly due to strong winds associated with a cold front a few days earlier which resulted in
sand movement in the paddock. At that stage there was minimal emergence of the perennial grasses.
At the northern end of the trial there was less than 5 mm sand infill but with all three seeders there was
more sand infill in the furrows at the southern end (Figure 1). There was, on average, >10 mm sand infill
with the John Shearer seeder and >15 mm with the disc seeder. The average amount of sand infill ranged
from 6.5 mm to 22 mm on 30 October. The soil type and groundcover after seeding appear to be main
factors influencing sand infill, although there is a difference between the seeders.
Establishment counts plus species composition were measured on 30 October. As with the infill
measurements, plants were counted in the shallow sand over gravel in the north section, as well as the
sandier middle and the deep sand in the south section of the plots.
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Figure 2. Establishment by Oct 30 (plants/m2).
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The seed mix contained 70 per cent Gatton panic and 30 per cent Rhodes grass; so, as expected, the
panic grass established in much higher numbers; with 17 plants /m2 for the disc seeder, 8 plants /m2 for
the John Shearer with sweeps and 5.5 plants /m2 for the Case-International combine with 6” scarifier
points. The number of Rhodes grass seedlings for the disc seeder, John Shearer (sweeps) and CaseInternational (points) were 1, 0.8 and 1.9 plants/m2 respectively. Generally, germination numbers for Panic
were good, although Rhodes grass struggled to establish suitable seedling numbers in the sandier soil
when sown with the discs or sweeps. With the International disc seeder and John Sheerer combine with
sweeps, plant numbers increased from the shallow sand in the North to the sandier soil in the centre and
south of the plots. The Case International combine with 6” scarifier points performed best towards the
middle of the plots in medium to deep sand.
Plant numbers and health
While germination numbers are important to ensure a successful establishment, persistence of germinated
varieties is ultimately what sets the paddock up with viable, long lasting plants. Persistence over time was
measured using fixed pegs in the rows of each machine and at the three locations, north, middle and south.
Individual plants were monitored between these pegs. Counts were taken 11 weeks and 26 weeks (6.5
months) after seeding to measure the total number of plants in an area and the health of the plants. Figure
3 shows the initial germination from the plots of the International disc seeder and then the subsequent
summer decrease as plant numbers began to stabilize.
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Figure 3. The persistence of establishment using the international disc seeder.
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Initially, even though Rhodes made up 30 per cent of the volume of the seed mix, it only made up 6 per
cent of the seedlings when counted 11 weeks after seeding. At this time, approximately 45 per cent of
Panic seedlings were small and stressed and as these plants died, the percentage of Rhodes grass in the
population increased to 29 per cent. Contrasting the Panic numbers over time, Rhodes increased between
October and February. This could be in part due to runners of the Rhodes grass establishing new plants in
this time. While Panic numbers stabilized well across the three sections of the trial, Rhodes did not
establish well in the sandier south section, yet was well established in the north and middle of the trial.

Conclusion
All three seeders have resulted in successful establishment of sub-tropical grasses at the paddock scale.
This reinforces that successful establishment can be achieved with a range of seeding machinery providing
the basic principles are followed: i.e. furrow sowing, press wheels, precise shallow seeding together with
wide row spacing. The disc seeder appeared to have the least soil disturbance, with less loose soil on the
soil surface after seeding, but had slightly more sand infill. This may be due to steep side walls and a
relatively narrow furrow, while the seeders with tynes created larger – wider furrows, so sand moving into
the furrow was spread over a wider base. The Case-International combine with a single point had the
lowest sand infill. The disc seeder resulted in the highest establishment of panic grass but in late October
many of these plants were still small seedlings and subsequently many died over summer. As both number
of plants, and size and health of plants needs to be taken into account, the disc machine may not provide
an overall advantage as the proportion of healthy plants was much less. Visually, the Case-International
combine appeared to produce a thicker stand; this was most likely due to the higher number of medium to
large sized plants when compared to the other machines. The knockdown did not completely kill the brome
grass which subsequently recovered and competed with the emerging perennial grass seedlings in early
spring. Combined with dry conditions in October (5 mm) the perennial grass seedlings were struggling in
late October. More favourable seasonal conditions in November and December enabled the grasses to
establish. The scalping points on the John Shearer were able to reduce the impact of brome grass more
successfully than the other seeders. Persistence will be measured over late summer until the break of the
season. This machinery demonstration trial will be the focus of an extension video which features the
producers describing the modifications to their seeders.
Acknowledgements
This trial is part of the Transforming the Northern Sandplain project which is funded by Caring for our Country and DAFWA and is part of the Future
Farm Industries CRC. Many thanks to Matt Taylor for access to the site and to Grant Creagh, Gavin Haywood and Matt Taylor for use of their
machinery and time. For more information contact Christiaan Valentine, Development Officer, Northam on 9690 2197 or email
christiaan.valentine@agric.wa.gov.au.

71

