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Welcome to the Graham Centre Field Forum for 2014.  
This year we are looking at Crop Protection and Animal 
Nutrition. The Crop Forum will explore emerging problems 
with weed, disease and pest control while the Livestock  
Forum will investigate animal nutrition, feedstuffs and  
their effects on production.

Crop Protection includes weeds, diseases and pests of  
crops and pastures. This Forum will concentrate on emerging 
problems associated with stubble retention. These include 
herbicide resistant weeds and the emergence of slug and 
millipede problems. The diseases may also be changing.  
What then are effective strategies for dealing with these?

There is an increasing need to incorporate new non-chemical 
controls into long-term Integrated Pest Management plans. 
Our research underpins the effectiveness and reliability of 
these strategies to reduce costs and slow down development 
of resistance.

Animal Nutrition receives a boost with the release of 
the Graham Centre Monograph ‘Long-chain omega-3 
polyunsaturated fatty acids in ruminant nutrition: benefits  
to animals and humans’. The Monograph examines the impact 
of feeds varying in the content of omega-3 on different 
production enterprises. Changing the omega-3 content of 
ruminant diets can lead to a range of significant improvements 
in animal production, including the production of meat with 
improved health attributes or altering the sex ratio of lambs. 
The incorporation of fresh forage or silage into production 
feeding rations may allow producers to significantly improve 
the profitability of their enterprise. 

Regards

Professor Deirdre Lemerle, Director - Graham Centre

Welcome to our 2014 Field Forum
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We are all interested in the potential health benefits of 
omega-3 fatty acids. The chemical name for these fatty  
acids is ‘long chain omega-3 polyunsaturated fatty acids’, 
abbreviated as LCn-3PUFA. Their consumption has been  
linked to reducing the incidence of diseases including 
cardiovascular disease, arthritis and mental health disorders. 
Much publicity has been given to two found in oily fish, 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).

Although EPA and DHA are only found in relatively low 
concentrations in red meat (including beef and lamb) 
compared with oily fish, the total LCn-3PUFA concentration 
including docosapentaenoic acid (DPA) is significant in red 
meat. We also know the LCn-3PUFA content of meat can  
be increased if sheep and cattle consume green fodder.  
This could mean consumers will have an alternative source  
of omega-3 fatty acids to fish or supplements.

The Graham Centre will release Monograph No. 4 at the 
Cropping and Pasture Systems Field Forum. The title tells  
it all: Long-chain omega-3 polyunsaturated fatty acids  
in ruminant nutrition: benefits to animals and humans.  
The author, Dr Edward Clayton, is a livestock research officer 
(ruminant nutrition) at NSW DPI’s Wagga Wagga Agricultural 
Institute and a member of the Graham Centre.

The monograph summarises several possible health benefits  
of LCn-3PUFA in ruminants and humans, and outlines the 
effects of different production systems on the content of 
beneficial fatty acids in meat. The omega-3 fatty acid content 
of meat is improved by increasing the proportion of fresh or 
conserved forage into the diet of ruminants compared with 
grain and concentrates. The amount of omega-3 available in 
silage can be increased by ensuring that silage is produced 
under optimal conditions.

Dr Clayton also reviews the observed and recommended 
intakes of omega-3 fatty acids in the Australian population. 
Red meat contributes approximately 40% of the average  
daily intake of these fatty acids for adults in Australia.  
However, there is great potential to increase this by changing 
animal diets to fodder with improved availability of omega-3.

The monograph identifies opportunities for future research 
programs including:

• the need for a survey of the amount of omega-3 available 
in pastures and forages grown in Australia, and

• examination of the impact of ensiling forage on omega-3 
concentrations under Australian conditions.

There is a need to determine measureable improvements in 
the health of those consuming meat enriched with LCn-3PUFA 
following the incorporation of forage into production diets. 

If the consumption of meat with enhanced LCn-3PUFA can 
decrease the incidence of disease, producers would have  
an incentive to deliver this meat into the market.

New Graham Centre Monograph: 
how to improve omega-3 fatty acids levels in red meat
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The Field Site is open for inspection at all times. Representative 
plots in the trials will be labelled in spring so that you can 
make your own self guided tour. The following pages describe 
the trials sown at the Field Site in 2014 and researchers will be 
on hand after lunch at the Cropping and Pasture Systems Field 
Forum on 3 September to talk about their work:

• Incorporating stubble and farming carbon - Iain Hume

• Crop sequences - Guangdi Li

• Evercrop - Graeme Sandral

• New and unusual crops - Sergio Moroni

• N-fixing break crops and pastures for high rainfall zones - 
Mark Norton

• Root growth of different wheat cultivars - Mark Conyers

• Weed biology, weed suppressive crops and soil weed 
seedbank dynamics - William Brown

• Root lesion nematodes - Kylie Crampton

• Native plants - Peter Orchard

2014 field trials

Yield Prophet® is used to estimate the potential yields of the 
high and low nitrogen wheat plots in the crop sequence trial 
at weekly intervals during the growing season. The reports 
are posted on the Graham Centre Website. Yield Prophet® 
is designed as a tool for assisting decisions about crop 
management during the season. For more information,  
go to their website www.yieldprophet.com.au 

The most recent estimates of wheat yield, water available 
to plant roots and the growing season rainfall decile are 
displayed on a sign on the Coolamon Road/Prices Road corner.

The Yield Prophet sign shows the growing season rainfall decile till now, the current soil water, and the predicted yield that could 
be achieved in 50% of years.
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Incorporating stubble and farming carbon

Design
This experiment is testing if adding nitrogen, phosphorus  
and sulphur to the soil when stubble is incorporated  
captures more carbon as stable humus while maintaining  
the benefits of stubble retention. Stubble is being 
incorporated and fertiliser spread using farming equipment  
to test the practicality of this practice.

Figure 1. The stubble experiment is a large area adjacent  
to the Graham Centre Field Site.

Two replicates of three treatments have been applied  
in each block:

1. Control: standing stubble

2. I-: stubble incorporated with a Speedtiller™ implement

3. I+: extra nutrients (N, P and S) and stubble incorporated  
with a Speedtiller™ implement

Field operations
Incorporation and fertiliser application were much earlier 
in 2014. In 2014, stubble loads were higher requiring more 
fertiliser. The cost of incorporation and fertiliser is substantial 
(Table 1). These costs require extra income from significantly 
higher yield or better quality grain, or substantial payment for 

Urea MAP Total ($/ha) Fertiliser +$30 

application kg/ha $/ha kg/ha $/ha

2013 11th April 15 8.13 65 46.48 84.61

2014 16th Jan 20 10.84 95 64.35 105.19

Table 1. Fertiliser application rates

carbon sequestered. The 2013 wheat crop was frosted  
and the grain yield of 1.5t/ha resulted in a gross margin of 
-$64.37/ha. The uncompensated cost of stubble incorporation 
and fertiliser would depress the gross margin to -$148.49/ha.

Difference in development
Incorporation has promoted more rapid development   
(Figure 2).

Figure 2. Visual differences due to incorporation*. 

*The line in the photographs delineates the incorporated 
without extra nutrients treatment and the control/buffer.

However, measurements show the only statistical difference 
was in the proportion of plants that had visible flowers, (i.e 
those reaching BBCH growth stages 60 or 61) (Table 2). The 
biomass and population data were analysed by analysis of 
variance and the flowering data by General Linear Modelling. 
It appears that incorporation has advance development by 
about seven days. The untreated buffer (to the left of the line 
in the photographs in Figure 2) on 7th July is visually similar  
to the I+ treatment (to the right of the line) on 1st July.
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Table 2. Treatment effects measured on 7th July 2014*. 

*Treatments with the same letter are statistically similar.

Further measurements until harvest will see if this early 
advanced development endures to harvest or has any 
consequences for final yield. 

CONTACT: 

Dr Iain Hume 
Soil Scientist, Salinity and Catchment Hydrology 
NSW Department of Primary Industries, Wagga Wagga Agricultural Institute

Phone: 02 6938 1984    Email: iain.hume@dpi.nsw.gov.au 

Treatment

Control 1- 1+

Biomass (kg/ha) 229ª 223ª 239ª

Population (plants/m²) 43ª 47ª 54ª

Flowering (% plants at 
Growth stage 60+)

0.0ª 2.0ªb 7.1b

Acknowledgements
Norwood Ag for providing the Speedtiller.   
The Department of Agriculture for funding the research. 
Mr Ben Beck for spreading the fertiliser and incorporating 
the stubble.
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Most grain-growers recognise that including broadleaf species 
in their cropping program can reduce disease incidence for 
cereals, control weeds, and improve soil nitrogen fertility.

Despite this, the area sown to pulses or canola has declined 
dramatically in the last decade. There are many reasons why 
growers have reduced the use of broadleaf species, which  
are related to late starts to the growing season, drought  
and risk aversion.

However, it appears that much of the decline can be attributed 
to the wide-spread perception that broadleaf options are not 
as profitable as cereals. Certainly, low and fluctuating grain 
prices from pulses have not helped. Nor has the generally 
higher input costs for broadleaf crops. Nonetheless, much 
of the focus seems to be on the financial returns from the 
broadleaf phase in isolation from its potential beneficial 
impacts on the longer-term financial performance of 
subsequent crops.

The crop sequence project is examining the productivity and 
financial implications of growing grain legumes, including 
pasture legumes, in cereal-based systems to re-evaluate 
the full value of integrating broadleaf species in a cropping 
sequence. The project has engaged seven grower groups 
in low rainfall areas (Central West Farming Systems, NSW, 
and Birchip Cropping Group, Victoria), medium rainfall areas 
(FarmLink, NSW, and Riverine Plains, Victoria), high rainfall 
regions (Southern Farming Systems, Victoria and MacKillop 
Farm Management Group, South Australia), and irrigation 
areas (Irrigated Cropping Forum, Victoria).

Aims
• to quantify the rotational benefits of broadleaf crops  

and pastures for cereals through participatory research in 
partnership with key agribusiness consultants and seven 
leading grower groups from NSW, Victoria and SA

• to identify whether profitable broadleaf cropping 
sequences are available as alternatives to continuous 
cereals for low, medium, high rainfall zones and  
irrigated systems

• to provide guidelines for grain growers and their  
advisers when and where to include what break crops  
to achieve the best outcome

• to increase the diversity of crops grown in cropping zones.

Treatments and field site design
There were three sets of treatments, namely crop sequences 
with a single break crop, double break crops and continuous 
cereals as control (Table 1). Break crops were used once in 
single break and twice in double breaks in the crop sequence 
over three years. The break crop was phased in time

• break crops were canola, pulses (lupins, field pea  
and vetch) and pastures (high density annual legumes)

• field peas were harvested for grain or brown manured  
at peak dry matter (DM)

• vetch and pastures were cut for hay or brown  
manured at peak DM

• lupins and canola were harvested for grain.

Crop sequences: using broadleaf crops to improve wheat 
production and profitability

This year we are looking for differences between the wheat plots due to the crop sequences in 2011 and 2012
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Rainfall in 2011 – 2013
The site received only 391mm of rain with an extreme dry 
finish in 2013. The rainfall was only 13 and 12mm in October 
and November in 2013. In 2012, annual rainfall was above  
the long-term rainfall, but the growing season rainfall was  
only 188mm, a decile 1 growing season (Table 2). 

Grain yield response to break crops
Grain yield increased significantly for the first wheat crops 
following any break crops (field pea, vetch and pasture) 
when brown manured (Table 3). The benefit of break crops 
diminished in the second wheat crop in year 3, although 
the grain yields tended to be higher on the brown manured 
treatment. When field pea was brown manured, grain yield 
from the first wheat crop in year 2 was 10% higher than field 
pea harvested for grain in year 1 (P = 0.055). In contrast, when 
pasture was brown manured, the wheat grain yield in year 2 
was 18% higher than pasture cut for hay in year 1. There was 
no difference in grain yield when vetch was brown manured  
or cut for hay.

Under brown manured treatments, there was no difference 
in wheat grain yield in year 2 between break crops (field pea, 
vetch and pasture) (Table 3). For the second wheat crop,  
the grain yield from field pea brown manured treatment  
was significantly higher than those from vetch and pasture.  
For hay cut treatment, wheat following vetch produced more 
grain than that following pasture (Table 3). There was no 
difference in grain yield whether wheat crops followed field 
pea or lupins in years 2 or 3.

For continuous cereal treatment (control), the grain yield was 
48% higher on the treatment with 75kg N/ha (25kg N/ha at 
sowing and 50kg N/ha at tillering) compared with nil Nitrogen 
(N) treatment (Table 3). The yield increase was lower in year 3 
compared with year 2. However, the grain yield from N applied 
treatment was much lower than those following break crops, 
indicating that the N benefit from break crops were greater 
than fertiliser N for at least two wheat crops after break crops.

2011 2012 2013

Single break Break crop Wheat Wheat

Wheat Break crop Wheat

Double breaks Canola Break crop Wheat

Break crop Canola Wheat

continious cereals Wheat Wheat Wheat

Table 1. The sequence of crops from 2011 to 2013.

Table 2. Monthly rainfall in 2011-2013, and long-term average rainfall (LTAR, 115 years).

Month 2011 2012 2013 LTAR

Jan 44.4 72.4 30.2 38.4

Feb 158.2 50.8 38.6 38.6

Mar 51.4 193.4 30.8 41.0

Apr 26.6 8.0 6.2 38.7

May 26.7 41.8 43.6 43.8

Jun 25.8 17.1 16.8 49.9

Jul 32.0 42.4 36.0 48.8

Aug 41.2 26.8 38.2 48.0

Sep 24.8 6.0 37.2 48.0

Oct 19.8 17.7 13.0 51.6

Nov 147.9 35.8 11.8 41.1

Dec 65.2 48.6 28.4 40.8

Total 664.0 560.8 390.8 528.7

GSR* 318.2 187.6 256.6 331.2

 *Growing season rainfall (May-November).
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Nitrogen benefit from break crops
Break crops deposited significantly more N under brown 
manured treatments, up to 150kg N/ha at the end of 
growing season based on the calculation of N balance at 
harvest, compared to those treatments where products 
were removed (harvested for grain or cut for hay) (Table 5). 
At the start of the second growing season, the soil mineral 
N from brown manured treatment was significantly higher 
than where products were removed. The nitrogen benefit 
was still significant in the two growing seasons for the vetch 
treatment, but not for the field pea or pasture treatment when 
break crops were brown manured. The N balance was below 
20kg N/ha for most of treatments under break crops, with 
the exception of the vetch treatment. For continuous cereal 
treatment, crop without N input severely mined the soil  
with N balance below 8kg/ha at harvest in year 3.

Table 3. Crop yield (t/ha) for different crops under different crop management.

2011
Year 1 

Crop management 2012
Year 2

2013
Year 3

Year 1 Grain (t/ha)
Year 2

Year 3

Field pea Grain

Brown manured

Significance

Wheat

Wheat

Wheat

Wheat

2.5 3.5

3.7

P=0.055

3.5

4.1

n.s.

Vetch Hay cut

Brown manured

Significance

Wheat

Wheat

Wheat 

Wheat

3.4

3.7

n.s.

3.6

3.8

n.s.

Pasture Hay cut

Brown manured

Significance

Wheat

Wheat

Wheat

Wheat

3.1

3.6

P=0.01

3.5

3.6

n.s.

Wheat+N Grain

Grain

Significance

Wheat-N

Wheat+N

Wheat-N

Wheat+N

5.2 2.4

3.5

P<0.05

3.1

3.6

P<0.05

n.s., not significant; N.A., not applicable.

Taking soil cores in early 2014 to determine N levels in the  
soil profile under the different crop sequences.

Gross margin analysis
For obvious reasons, all brown manured treatments lost 
income in year 1. However, gross margins from the first and 
second crops after break crops were higher than those from 
continuous cereal treatments in years 2 and 3 (Table 6).  
Within each break crop, the gross margin under brown 
manured treatments was higher than those with grain 
harvested or hay cut treatments in years 2 and 3. When  
canola was included in the rotation, the gross margin 
improved significantly. Averaged across three years,  
the rotation with canola had the highest gross margin, 
treatments with brown manure were the lowest due to 
complete loss of income in year 1. However, the brown 
manured treatment offers great opportunity to control  
difficult weeds and reduces the risk of diseases as well  
as significant nitrogen benefit as shown in Table 5.
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Table 4. Nitrogen balance over three years for different crops under different crop management.

2011
Year 1 

Crop 
management

Soil mineral 
N in Autumn 

N balance at 
harvest

Soil mineral 
N in Autumn

N balance at 
harvest

Soil mineral 
N in Autumn 

N balance at 
harvest

Year 1 Year 2 Year 3

Field pea Grain

Brown manured

Significance

94.7

94.7

N.A.

55.6

139.3

P<0.01

83.0

125.1

P<0.05

39.3

62.2

n.s.

50.4

73.9

n.s.

9.4

13.4

n.s.

Vetch Hay cut

Brown manured

Significance

94.7

94.7

N.A.

8.4

150.4

P<0.01

67.2

114.8

n.s.

26.2

58.6

n.s.

60.9

106.9

P<0.05

18

53.4

P=0.069

Pasture Hay cut

Brown manured

Significance

94.7

94.7

N.A.

32.1

136.0

P<0.01

67.7

83.5

n.s.

30.7

31.9

n.s.

60.8

63.2

n.s.

18.7

15.3

n.s.

Wheat Grain - N

Grain + N

Significance

94.7

94.7

N.A.

79.5

79.5

N.A.

73.6

73.6

N.A.

48.9

97.6

P<0.01

43.4

89.5

P<0.01

7.7

98.2

P<0.01

n.s., not significant; N.A., not applicable.

CONTACT:

Dr Guangdi Li 
Principal Research Scientist 
NSW Department of Primary Industries, Wagga Wagga Agricultural Institute

Phone: 02 6938 1930       Email: guangdi.li@dpi.nsw.gov.au

Table 5. Gross margin analysis under different crop rotation sequence.

2011

Year 1 

Crop 
management

2012
Year 2

2013
Year 3 

Year  1 Year 2 Year 3 Average 
Gross 
margin

Yield  
(t/ha)

Gross 
margin

Yield  
(t/ha)

Gross 
margin

Yield 
(t/ha)

Gross 
margin

Field pea Grain               
BM

Wheat   
Wheat

Wheat   
Wheat

2.1      
0 

$191       
-$310

3.2        
3.6

$389     
$464

3.5        
4.1

$456       
$581

$346       
$245

Vetch Hay cut           
BM

Wheat   
Wheat

Wheat   
Wheat

5.1         
0

$359      
-$310

3.5       
3.7

$445     
$489

3.6        
3.8

$471      
$514

$425         
$231

Pasture Hay cut           
BM

Wheat   
Wheat

Wheat   
Wheat

5.1         
0

$353      
-$229

3.2         
3.8

$379     
$513

3.4        
3.6

$439      
$481

$390       
$255

Canola Grain Wheat Wheat 2.3 $1,029 3.5 $449 4.1 $583 $545

Wheat Grain Canola Wheat 5.0 $1,117 1.7 $418 3.6 $470 $531

Wheat + N Grain Wheat - N Wheat - N 5.2 $747 2.4 $213 3.1 $367 $442

Wheat + N Grain Wheat + N Wheat + N 5.2 $747 3.4 $361 3.6 $391 $500
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Evercrop phase II — perennial pastures in cropping systems

Evercrop is a national project funded by GRDC and the FFI  
CRC to explore the benefits and fit of perennial pasture  
plants in cropping systems.

Focus
In pasture:crop rotations, the aim of the pasture phase is to 
maximise benefits to the livestock and cropping components 
of the farm business. To test the merits of different pasture 
types and establishment techniques to both cropping and 
livestock systems, five experiments were established in 2012 
through parts of southern NSW at Mirrool (471mm average 
annual rainfall), Lockhart (484mm), Wagga Wagga (530mm), 
Eurongilly (535mm) and Burrumbuttock (580mm).

Treatments
Treatments are described in Table 1. Cultivars used include 
Aurora and Genesis lucerne; Sirolan phalaris; Casbah biserrula, 
Angel medic; and a sub clover mixture of Bindoon, Riverina 
and Coolamon. All cultivars of the same species were sown  
in equal parts by weight.

Results

Seedling counts
The annual legume seedling density in 2014 was highest  
in the monoculture sub clover treatment (3381 plant m²) 

followed by lucerne sub clover in the 1:1 (1945 plant m²)  
and 1:2 (1985 plant m²) treatment configurations (Table 2.)  
The lowest annual legume seedling densities were recorded  
in the lucerne medic 1:1 treatment (834 plant m²), and all 
lucerne phalaris sub clover combinations (859 to 937 plant 
m²). The largest increase in seedling density from 2013 to 2014 
was recorded in the Lucerne biserrula treatment with biserrula 
having a tenfold increase in seedling density over this period 
(110 - 1385 plant m²). 

Perennial basal frequency
The basal frequency of treatments containing phalaris either 
decreased or remained the same from 2012 to 2013 and  
then increased or remained the same from 2013 to 2014.  
The increase in crown frequency from 2013 to 2014 was due  
to the early wetter break to 2014, which allowed phalaris 
crowns to expand in size. Lucerne crown frequency on the 
other hand has a more limited capacity to expand after the 
establishment year and consequently the crown frequency  
of lucerne tended to decline over the experimental period  
or remain relatively unchanged (Table 2). There was a 
significant effect of increased perennial plant crown frequency 
to decrease annual legume seedling regeneration (R2 = 0.45).

Table 1. Treatment descriptions sown in 2012 at five sites.

Species and species combination Pasture description and sowing rate

Sub clover Monoculture Sown with Sub clover only (4kg/ha)

Lucerne Monoculture Sown with Lucerne only (3 kg/ha)

Lucerne Sub clover Mix Sown with Lucerne (3 kg/ha) and Sub clover (4 kg/ha) in the same row

Lucerne Sub clover 1:1 Lucerne (3 kg/ha) sown in one row and Sub clover (4 kg/ha) sown in the other row

Lucerne Biserrula 1:1 Lucerne (3 kg/ha) sown in one row and Biserrula (1kg/ha) sown in the other row

Lucerne annual Medic 1:1 Lucerne (3 kg/ha) sown in one row and annual Medic (3 kg/ha) sown in the other row

Lucerne Sub clover 1:2 Lucerne (3 kg/ha) sown in one row and Sub clover (4 kg/ha) sown in two rows

Phalaris Lucerne Mix Sub clover Phalaris (1.5 kg/ha), Lucerne (1.5 kg/ha) and Sub clover (4 kg/ha) sown in every row

Phalaris Lucerne 1:1 Sub clover Phalaris (1.5 kg/ha) sown in one row, Lucerne (1.5 kg/ha) sown in the other row with 
Sub clover (4 kg/ha) sown in all rows.

Phalaris Lucerne 1:2 Sub clover Phalaris (1.5 kg/ha) sown in one row, Lucerne (1.5 kg/ha) sown in the next two rows 
with Sub clover (4 kg/ha) sown in all rows.

Phalaris Sub clover 1:1 Phalaris (3 kg/ha) sown in one row and Sub clover (4 kg/ha) sown in the other row

Phalaris Sub clover Mix Sown with Phalaris (3 kg/ha) and Sub clover (4 kg/ha) in the same row
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Table 2. Seedling counts (plants m²) for annual species and plant frequency (m²) for perennial species over the 2012, 2013 and 
2014 period.

Species and species      
combination 

Annual legume seedling counts (plant m²) Perennial plant crown frequency (m²)

Jul-12 Jun-13 Apr-14 Jul-12 Jun-13 Nov-13 Mar-14

Sub clover Monoculture 99 843 3381 0 0 0 0

Lucerne Monoculture 0 0 0 105 80 56 55

Lucerne Sub clover Mix 92 243 1667 101 75 49 43

Lucerne Sub clover 1:1 93 363 1945 77 56 48 47

Lucerne Biserrula 1:1 45 110 1385 90 54 45 45

Lucerne annual Medic 1:1 115 117 834 79 68 45 44

Lucerne Sub clover 1:2 122 383 1985 56 41 40 35

Phalaris Lucerne Mix Sub 
clover

99 173 914 145 86 99 129

Phalaris Lucerne 1:1 Sub 
clover

110 177 937 121 88 92 108

Phalaris Lucerne 1:2 Sub 
clover

116 290 859 109 86 77 92

Phalaris Sub clover 1:1 87 323 1664 74 78 77 114

Phalaris Sub clover Mix 117 290 1260 134 99 102 161

LSD 5% 18 127 507 22 15 15 24

 Note: Annual legumes include: Sub clover, Biserrula and annual medic and are listed in respective treatments.

Seed reserves of annual legumes
Seed reveres of all annual legumes declined from 2012 to 
2013 due to the dry 2013 end of spring period that coincided 
with flowering and seed set. Interestingly, the seed reserves 
of some perennial/annual combinations had seed reserves in 
2013 comparable to the sub clover monoculture, including 
biserrula in the lucerne biserrula 1:1 and sub clover in the 
Lucerne sub clover 1:1 and 1:2 combinations (Table 3).

Valuing pasture types - Nitrogen
In the cropping zone pastures contribute to the cropping 
phase of a farm business by adding atmospheric nitrogen 
(N) to the soil. To estimate the value of the N contribution 
by the pastures (in N fixed kg/ha) we have assumed 3% N 
concentration in the legumes and a fixation efficiency of 70% 
for the cumulative above ground legume dry matter (kg/ha). 
The estimated dollar value of the N was provided by assuming 
the Urea cost was $550/t with a N concentration of 46%, while 
the estimated value to crops assumes 15% of the N fixed is 
utilised by the following crop. 

In 2012 the most valuable pasture in terms of N contribution 
to cropping (Lucerne Sub clover 1:2) was seven times more 
valuable than the lowest valued pasture (phalaris sub clover 
mix). This result has largely remained the same. However, 
other pastures have also performed well over the 2013 and 
2014 period and the most valuable pastures for N contribution 
in this period (Table 4) include the three Lucerne sub clover 

treatments (1:1, 1:2 and mix). At the other end, the lowest 
performing treatment was the phalaris sub clover mix that 
ranked last in the 2013 to 2014 period and last in 2012. 

Table 3. Seed reserves of annual legumes (kg/ha)  
for 2012 and 2013.

Species and species combination 

Seed reserves (kg/ha)

2012 2013

Sub clover Monoculture 513 130

Lucerne Monoculture 0 0

Lucerne Sub clover Mix 215 80

Lucerne Sub clover 1:1 256 126

Lucerne Biserrula 1:1 371 136

Lucerne annual Medic 1:1 109 38

Lucerne Sub clover 1:2 386 159

Phalaris Lucerne Mix Sub clover 158 60

Phalaris Lucerne 1:1 Sub clover 146 34

Phalaris Lucerne 1:2 Sub clover 179 47

Phalaris Sub clover 1:1 197 93

Phalaris Sub clover Mix 180 45

LSD 5% 128 40
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Table 4. Cumulative total dry matter (kg/ha) and cumulative legume dry matter (kg/ha) for the 2013 to 2014 period, percent 
legume, estimated N fixed (kg/ha), N value ($/ha), N value to crop ($/ha) and ranking of highest to lowest value treatment.

Wagga Wagga Cumulative 
Total DM

kg/ha

Cumulative

Legume 

kg/ha

Average

% Legume

DM

Estimated

N Fixed

kg/ha

Estimated

Value of

N $/ha

Estimated

Value of

Crop $/ha

Rank

for N out

of 100
Species and species         
combination

Sub clover Monoculture 6125 5592 91 117 297 45 4

Lucerne Monoculture 5720 4738 83 99 252 38 5

Lucerne Sub clover Mix 6300 6097 97 128 324 49 3

Lucerne Sub clover 1:1 6671 6289 94 132 334 50 2

Lucerne Biserrula 1:1 5224 4434 85 93 236 35 8

Lucerne annual Medic 1:1 4912 4048 82 85 215 32 9

Lucerne Sub clover 1:2 6978 6740 97 142 358 54 1

Phalaris Lucerne Mix Sub 
clover

7833 3604 46 76 191 29 10

Phalaris Lucerne 1:1 Sub 
clover

8237 4454 54 94 237 35 7

Phalaris Lucerne 1:2 Sub 
clover

7965 4571 57 96 243 36 6

Phalaris Sub clover 1:1 8230 3575 43 75 190 28 11

Phalaris Sub clover Mix 7918 1516 19 32 81 12 12

LSD 5% 1236 1011 - 21 54 8 -

Valuing pasture types - livestock
An estimate of the value/ranking of each of the treatments  
on livestock production was calculated using GrazFeed®.  
Dry matter available for grazing was calculated by assuming 
an efficiency of utilisation of 50% above a minimum amount 
of 1200kg/ha of available pasture. The daily intake rate and 
growth rates of 30kg merino wether lambs were calculated  
for each treatment based on the legume composition 
achieved and assuming digestibility of 80% and 45% for green 
and dead pasture respectively. Total weight gain was then 
calculated based on the dry matter available for grazing,  
the daily intake rates and daily growth rates predicted.  
Each of the treatments was ranked according to estimated 
weight gain (per ha) revealing that the best lamb production 
would be achieved from treatments that contained both 
phalaris and lucerne (Table 5).

In 2012 the best ranked treatment for livestock performance 
was phalaris lucerne 1:2 with sub clover sown in every row. 
However, results shown below for the 2013 to 2014 period 
indicate phalaris sub clover 1:1 and lucerne sub clover 1:1 
ranks best over this period (Table 5) for livestock performance. 
The worst performing treatments were the lucerne medic 1:1, 
lucerne biserrula 1:1, lucerne monoculture and the sub  
clover monoculture. 

Nitrogen and livestock
Overall rank considers both the nitrogen contribution  
and the livestock performance and this indicates that the  
best performing treatments were lucerne sub clover 1:1, 
lucerne sub clover 1:2, lucerne sub clover mix, phalaris lucerne 
1:2 with sub clover and phalaris sub clover 1:1 (Table 5).

Conclusion
At this early stage, an overall ranking that incorporates 
nitrogen and livestock benefits, shows three of the top  
five ranked pastures include both lucerne and sub clover,  
while the other two top ranked pastures contain phalaris 
in some combination. This highlights the potential value of 
adding perennials to sub clover based pastures. The results 
also show that the choice of sowing method and pasture 
species together can have a large impact on returns ($/ha).  
For example, the phalaris plus sub clover 1:1 outperformed the 
phalaris plus sub clover mixture and lucerne plus sub clover 
1:1 also outperformed the lucerne plus sub clover mixture. 
Pastures containing perennial species also outperformed 
annual only based pastures (i.e. the sub clover monoculture). 
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Table 5. Cumulative total dry matter production, legume content, pasture available (for grazing), predicted dry matter intake  
of 30 kg merino wether lambs and calculated animal production for each pasture treatment assuming 80% digestibility of  
green pasture and 45% digestibility of dead pasture. Dry matter available for grazing was calculated by subtracting the 
dry matter assumed in each of the scenarios from the cumulative dry matter production.

Wagga Wagga Cumulative 
Total DM

Average

% Legume

DM

DM

Grazed

kg/ha

Estimated

DM Intake

 kg/hd

Estimated

wt gain

kg/ha

Rank for

livestock

out of 100

Overall 

Rank
Species and species         
combination

Sub clover Monoculture 6125 91 2163 1.53 255 9 5

Lucerne Monoculture 5720 83 1960 1.52 234 10 6

Lucerne Sub clover Mix 7833 46 3016 1.45 377 5 3

Lucerne Sub clover 1:1 8237 54 3219 1.46 398 2 1

Lucerne Biserrula 1:1 5224 85 1712 1.52 204 11 8

Lucerne Medic 1:1 4912 82 1556 1.52 186 12 9

Lucerne Sub clover 1:2 7965 57 3083 1.47 379 4 2

Phalaris Lucerne Mix Sub 
clover

6300 97 2250 1.54 264 8 7

Phalaris Lucerne 1:1 Sub 
clover

6671 94 2435 1.54 287 7 5

Phalaris Lucerne 1:2 Sub 
clover

6978 97 2589 1.54 304 6 4

Phalaris Sub clover 1:1 8230 43 3215 1.44 403 1 4

Phalaris Sub clover Mix 7918 19 3059 1.40 395 3 6

LSD 5% 1236 - 483 - 60 - -
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CONTACT:

Mr Graeme Sandral 
Research Agronomist 
NSW Department of Primary Industries, Wagga Wagga Agricultural Institute

Phone: 02 6938 1807      Email: graeme.sandral@dpi.nsw.gov.au

Field Plan – Wagga Wagga
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Report produced by Graeme Sandral, Richard Hayes, Guangdi Li, Jim Virgona and Geoff Casburn - June 2014
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New and unusual crops

Only a few species of plants dominate the cropping area of 
southern and central New South Wales. There are many other 
plants that could be grown for specialty purposes and others 
have been promoted as ‘health’ foods. But what do these  
crops look like?

We have sown a range of these plants at the Field Site in 2014. 
We expect some to grow well, others to struggle because the 
weather or soils are not suitable, or because they have been 
sown at the wrong time. We plan to sow several of these  
again in spring when conditions may be more favourable 
for their growth. Do not judge them harshly if they are not 
growing well this time; come back later and check out the 
spring sowing.

Included in this demonstration sowing are:

Common Name Scientific Name Use

Amaranth Amarantus spp. Leaf vegetables, high protein flour

Buckwheat Fagopyrum esculentum Edible seeds high in protein

Chia Salvia hispanica Edible seeds eaten whole or ground into flour

Crambe Crambe abyssinica Oil (industrial lubricant)

Cotton Gossypium spp. Fibre, soil, meal

Einkorn wheat Triticum monococcum Edible seed (whole, cracked, flour)

Emmer wheat Triticum dicoccum Edible seed (whole, flour – bread, pasta)

Flax/linseed Linum usitatissimum Fibre, oil

Millet Pennisetum glaucum Edible seed (whole, flour)

Quinoa Chenopodium quinoa Edible seed (whole, ground)

Safflower Carthamus tinctorius Oil, meal

Sesame Sesamum indicum Edible seed, oil

Spelt wheat Triticum spelta Edible seed (whole, rolled, flour)

Triticale × Triticosecale Edible seed (whole, flour; stockfeed)

Teff Eragrostis tef Edible seed (whole, flour)

Stevia Stevia rebaudiana Sugar substitute

Wheat Triticum aestivum Edible seed (cracked, flour)

2-row barley Hordeum vulgare Edible seed (stockfeed, human

6-row barley Hordeum vulgare Edible seed (stockfeed)

Canola Brassica napus Oil, meal

CONTACT:

Dr Sergio Moroni 
Lecturer 
School of Agricultural and Wine Sciences, Charles Sturt University, Wagga Wagga

Phone: 02 6933 2914      Email: smoroni@csu.edu.au
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CONTACT:

Dr Mark Norton 
Research Scientist 
NSW Department of Primary Industries, Wagga Wagga Agricultural Institute

Phone: 02 6938 1934     Email: mark.norton@dpi.nsw.gov.au 

N fixing break crops and pastures for high rainfall zone acid soils

Of the developed nations, Australia’s dryland agricultural 
systems are the most dependent on biological nitrogen 
fixation because they are extensive and therefore must be  
low-cost. Research has shown that, as a ‘rule-of-thumb’, 
20–25kg N/ha can be added to the soil for every tonne  
of dry matter a legume crop produces.

However, over the last 10 - 15 years there has been increasing 
concern that the nitrogen (N) contribution of legume crops  
to southern Australian farming systems has been declining.  
It’s not clear why this is happening. The reasons are complex 
with several factors interacting with each other. Possible 
causes include:

• the overall reduction of crop and pasture production  
of the last decade caused by the Millennium drought

• low quality or unadapted rhizobia leading to  
poor nodulation

• disease causing pathogens, insect pests and  
residual herbicides

• all can cause a reduction in N fixation leading to  
lower crop productivity.

The problem for the south-eastern high rainfall zone
This issue is particularly felt in the newer cropping belt of  
the south-eastern high rainfall zone. Here, nitrogen-hungry 
wheat and canola are the main crops. There is relatively  
little use of pulses, grain legumes or leguminous forages. 
Farmers from these areas would like to increase their use  
of leguminous crops and pastures and so reduce reliance  
on expensive fertiliser N.

New project for the high rainfall zone acid soils
A new four year project commenced in 2014 to study the 
contribution of leguminous break crops to farming systems 
on high rainfall zone (HRZ) acid soils, and encourage greater 
adoption of these crops. It aims to develop guidelines to help 
farmers successfully integrate leguminous break crops into 
their mixed farming systems with the goal of substantially 
increasing the use of these crops, thereby improving farm 
profitability from both crop and animal production.

The project team is:

• NSW DPI and Graham Centre Scientists Mark Norton  
and Graeme Sandral, Development Officer Helen Burns  
and CSIRO’s Mark Peoples

• GRDC

• Holbrook LandCare Network, Southern Farming Systems 
and MacKillop Farm Management Group.

In addition to fixing nitrogen, legume crops and pastures 
would also act as ‘break crops’ to the wheat-canola rotations 
that predominate, allowing alternative weed control methods 
to herbicides while reducing the build-up of disease  
causing pathogens.

Legume break crops in these situations act to enhance 
farming system sustainability by reducing the rate of herbicide 
resistance development (already a serious problem in some 
of these regions), and the build-up of cereal and canola 
pathogens and insect pests.

Local trial at the Graham Centre Field Site
The trial at the Graham Centre Field Site is the first of three 
sites, with the other two to be established in 2015. One of 
these sites will be on the south west slopes near Holbrook  
and the other will be in south-west Victoria. 

The primary purpose of the Graham Centre trial is to 
determine the best trial design to successfully handle the 
logistics of undertaking a multi (3) factor trial that addresses 
such factors as different crop species, variations in crop residue 
management and inoculation practice. The treatments at the 
Field Site are different species (faba bean, narrowleaf lupin, 
high density forage legume), plus and minus inoculation  
with rhizobium and different ways of managing crop residue.

Graham Centre Field Site
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Root growth of different wheat cultivars

A deep and extensive root system enables plants to explore 
the soil for nutrients and to get water from depth. However, 
the soil at the Graham Centre Field Site presents challenges 
to plants to do this. Roots grow well in the upper red soil but 
have difficulty growing into the underlying yellow soil, which 
is 80 - 100 cm below the surface. We know that perennial 
plants like lucerne can grow into the yellow soil but annual 
plants such as wheat and canola do not usually penetrate it.

Western Australian studies have found that wheat cultivars 
varied in root growth in different soils. The soils varied from 
friable to high soil strength, with some having a hard pan. 
The wheats could be divided into six groups depending on 
how their roots grew in relation to different soil constraints 
(Botwright Acuna and Wade, 2012).

This year we are comparing the root growth of three wheat 
cultivars, one each from three of the contrasting groups 
identified by Boatwright Acuna and Wade (2012). The Group 
3 cultivars were generally successful in a range of soils as 
‘penetrators’. We have chosen Halberd from this group.

The growth of Group 4 cultivars is better in more friable  
soils and these are ‘non-penetrators’. We have chosen Janz  
from this group.

Group 1 cultivars have early fast root elongation, enabling 
them to penetrate soils quickly when soil moisture is ideal. 
They are ‘Escapers’, taking advantage of ideal soil conditions. 
Their fast early growth appears to enable them to get through 
the constricting hardpan layer before the soil becomes drier 
and hardens. However, they are less successful in penetrating 
to depth when moisture is less. We have chosen Spear from 
this group.

Root growth of these three wheats will be compared with  
that of canola and lucerne. Canola has a reputation for being 
able to grow in higher strength soils. Lucerne, which was sown 
next to the soil pit in 2012, has grown into the underlying 
yellow soil layer.

The annual plants were sown at two times, early (2 May) and 
late (30 May), alongside the soil pit to observe the effect of the 
length of the growing season on overall root development. Measuring root depth of canola in the soil pit

CONTACT:

Dr Mark Conyers 
Adjunct Professor 
NSW Department of Primary Industries, Wagga Wagga Agricultural Institute

Phone: 02 6938 1830      Email: mark.conyers@dpi.nsw.gov.au 

Reference
• Botwright Acuna TL, Wade LJ (2012) Genotype × environment interactions for root depth of wheat.  

Field Crops Research 137, 117–125.
• (Dr) Mark Conyers, Adjunct Professor, NSW DPI
• (Dr) Gordon M. Murray, Field Site Manager, Graham Centre

• (Prof ) Len Wade, Strategic Research Professor, Charles Sturt University
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CONTACT:

Professor Leslie Weston 
Research Professor 
Charles Sturt University, Wagga Wagga

Phone: 02 6933 4689      Email: leweston@csu.edu.au  

Weed biology, weed suppressive crops and soil weed   
seedbank dynamics
Certain crop species and cultivars can suppress weeds 
effectively at standard establishment rates, either due to 
their ability to compete effectively with weeds for valuable 
resources, or due to potential allelopathic effects associated 
with the crop or remaining residues following harvest.

Crops noted for their weed suppressive effects are being 
evaluated in a series of canola, wheat, cereal grains and long-
term rotational trials with the inclusion of pastures and grazing 
crops as well as traditional grain crops. Evaluations are being 
made on subsequent weed growth and weed seed viability 
on the soil surface or in the upper layer of soil under both 
minimum tillage and conventional cultivation systems.

Selection of crop cultivars for weed suppression
This trial has been conducted for three years at two locations 
(Wagga Wagga and Condobolin).

The objective is to evaluate a variety of common production 
crop cultivars in respect to their ability to reduce or suppress 
in-crop weeds as well as post harvest and summer  
weed emergence.

Weed suppressive canolas
This trial is an extension of past research work evaluating 
various Brassica napus cultivars and their ability to suppress 
weeds through crop competition, potential allelopathy  
by reducing in-crop weeds as well as post harvest and  
summer weed emergence. It is conducted in two locations, 
Wagga and Condobolin.

Influence of rotational sequences on soil weed  
seedbank reduction
This trial is a long term five year study using standard  
southern NSW crop and pasture rotations to evaluate 
the potential for reducing the weed seedbank over time 
and altering soil microbial communities in the crop/weed 
rhizosphere. It will also be initiated in Condobolin in 2015.

Weed suppressive wheats
This trial is an extension of long-term research into wheat 
cultivars that may reduce weed populations through several 
mechanisms including early plant vigour, plant architectural 
traits and potential allelopathic effects. Through cooperation 
with CSIRO and commercial wheat breeders we have included 
in this trial a broad spectrum of wheat cultivars representing 
the major genetic families in Australia including some 
heirloom varieties. It is conducted in two locations,  
Wagga Wagga and Condobolin.

Crop cultivars selection for weed suppression
This trial is now undergoing the final planting into last 
year’s crop cultivar trial and consists of a barley crop, in 
which evaluation is underway for long-term effects on weed 
populations in various stubble residues planted in 2013.

Dr William Brown 
Research Agronomist 
Charles Sturt University, Wagga Wagga

Phone: 02 6933 4174      Email: wilbrown@csu.edu.au 
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Root Lesion Nematode

Root lesion nematodes (RLN) are considered a serious pest of 
grain crops in Australia. By feeding on and reproducing within 
roots, these microscopic pests damage the root systems of 
susceptible crops creating lesions, limiting the plant’s ability  
to take up nutrients and water and ultimately decreasing yield. 
Two species of root lesion nematodes, Pratylenchus thornei and 
Pratylenchus neglectus, are of particular concern due to their 
prevalence and economic importance. Surveys conducted 
across the NSW Riverina region in 2012 showed that 85-95%  
of paddocks had Pratylenchus species present. Across Australia, 
it is estimated up to 40% of paddocks contain RLN nematodes 
at damaging levels (>2000 nematodes/kg soil).

The use of resistant and/or tolerant crop cultivars, rotations 
including poor host crops, manipulation of sowing time,  
and adequate nutrition and weed control allows some degree 
of management. However, losses are estimated to be in excess 
of $100M pa despite these measures. Currently, there are 
no nematicides registered to control RLN in cereal crops in 
Australia. Several groups of soil microorganisms can attack 
root lesion nematodes and may have promise  
as ‘bionematicides’.

Aims
The aim of this project is to develop a bionematicide with 
activity against RLN on cereals. Bionematicides are naturally 
occurring microorganisms that are able to reduce the numbers 
or activity of the nematodes in the root system. The project 
has three initial research targets:

• the identification and evaluation of existing commercial 
biopesticides with potential suitability for this crop/
pathogen system

• the development of a Trichoderma-based bionematicide 
for cereal root lesion nematodes

• the identification of indigenous strains of selected microbe 
groups that may have potential as bionematicides.

Field sampling in established cereal cropping ecosystems 
provided a large collection of microorganisms to test, 

Root lesion nematodes. Left: Stunted growth patch typical of 
RLN damage. Right: the root lesion nematode Pratylenchus 
thornei, showing the stylet which pierces root cells for feeding.

including a number of Trichoderma species not previously 
recorded within Australia. Glasshouse trials have subsequently 
identified a shortlist of microorganisms that have potential as 
biological control agents, including isolates of Trichoderma, 
Purpureocillium lilacinum, Pochonia and Bacillus. The Graham 
Centre Field Site trials will establish whether these most 
promising isolates are able to manage RLN under field 
conditions, when applied as seed treatments.

Trial #1 – Field efficacy of Trichoderma spp.
Trichoderma spp. are present in all soils and are the most 
commonly cultured fungi from soils. Several strains have been 
developed as biocontrol agents against plant pathogenic 
fungi but more recently, attention has turned to their potential 
to reduce the impacts of plant parasitic nematodes such 
as the root lesion nematode. Glasshouse trials of over 200 
isolates of Trichoderma have identified a small number of 
strains which show nematode biocontrol potential. The aim 
of this experiment is to determine the efficacy of the selected 
Trichoderma isolates against RLN under field conditions.  
These treatments will also be compared against the 
commercial bionematicide, Poncho-Votivo® (a.i. Bacillus firmus 
strain I-1582, Bayer CropScience), which is not yet available  
in Australia, as well as a promising isolate of each  
of Purpureocillium lilacinum and Bacillus sp.

The trial design consists of four replicates of 14 treatments,  
as follows:

10 13 4 7 1 5 12 9 11 3 14 8 6 2 Rep 1

6 9 3 1 14 4 11 8 10 2 13 7 5 12 Rep 2

3 11 5 8 2 6 13 10 12 4 1 9 7 14 Rep 3

5 2 7 10 4 8 1 12 14 6 3 11 9 13 Rep 4

Coolamon Rd

Nematode trial #2

Trt No. Treatment

1 Untreated

2 Trichoderma LU511

3 Trichoderma LU513

4 Trichoderma LU640

5 Trichoderma LU784

6 Trichoderma LU820

7 Trichoderma LU827

8 Trichoderma LU1308

9 Trichoderma LU1540

10 CSU Purpureocillium lilacinum

11 CSU Bacillus

12 Poncho Votivo

13 Votivo

14 Coating Control
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Trial #2 – Field efficacy of combinations of microorganisms
Root lesion nematodes are able to move into and out of  
the root system at will. This migratory behaviour makes  
them difficult to control effectively by any single means.  
By combining microorganisms that target differing life  
stages of the nematode and colonise different areas  
(i.e. soil, root surface and within the root), a more robust  
and reliable level of control may be obtained. Approximately 
90 indigenous strains of selected microorganisms were 
screened in laboratory and glasshouse trials for their 
biocontrol potential and compatibility in combinations.  
From this, three microorganisms were selected for further 
study. The aim of this experiment is to determine the efficacy 
of these particular microorganisms in combinations against 
RLN under field conditions. These treatments will also be 
compared against the commercial bionematicide,  
Poncho-Votivo®, which is not yet available in Australia.

The trial design consists of six replicates of seven treatments, 
as follows:

Rep 1 1 7 5 3 6 2 4 5 1 7 6 2 3 4 Rep 2

Rep 2 6 7 1 2 5 4 3 2 4 5 1 6 3 7 Rep 4

Rep5 3 2 6 7 5 1 4 6 1 3 7 4 2 5 Rep 6

Coolamon Rd

Prices Rd

Nematode trial #1

Trt No. Treatment

1 Purpureocillium lilacinum

2 Purpureocillium lilacium + Pochonia

3 Purpureocillium lilacium + Bacillus

4 Purpureocillium lilacium + Pochonia + Bacillus

5 Pochonia + Bacillus

6 Poncho-Votivo

7 Untreated Control

CONTACT:

Ms Kylie Crampton 
PhD Student             
School of Agricultural and Wine Sciences 
Charles Sturt University, Wagga Wagga

Phone: 02 6933 2749      Email: kcrampton@csu.edu.au

Prof Gavin Ash     
Professor of Plant Pathology 
Charles Sturt University, Wagga Wagga

Phone: 02 6933 2765      Email: gash@csu.edu.au
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Native plants and wetland

The native plant nursery was established with a CSU Green 
Grant in 2011 to enhance the biodiversity and aesthetic values 
of the area. We are monitoring changes in the fauna of the site, 
particularly the presence or absence of beneficial species that 
prey on crop pests.

The nursery currently houses more than 80 plant species 
collected from the Wagga Wagga area. Planting began in 2012 
and has continued into 2014. The species currently present in 
the nursery include a range of local wattles, local shrubs and 
herb legumes, saltbushes, shrub and herbaceous daisies, local 
shrubs including ornamental types, groundcovers, and grasses.

Local wattles

Local shrub and herbaceous legumes

Acacia acinacea
A. brachybotrya
A. buxifolia
A. cardiophylla
A. cultriformis
A. dealbata
A. deanei

A. decora
A. difformis
A. doratoxylon
A. flexifolia
A. genistifolia
A. hakeoides
A. implexa

A. lanigera
A. lineate
A. Montana
A. paradoxa
A. pycnantha
A. spectabilis

A. verniciflua

Daviesia latifolia Glycine. Clandestine Pultenaea largiflorens

Daviesia leptophylla Glycine tabacina Pultenaea setulose

Dillwynia sericea Goodia medicaginea Senna artemisioides

Dillwynia sieberi Hardenbergia violacea Senna barclayana

Eutaxia microphylla Indigofera australis Templetonia stenophylla

Glycine canescens Pultenaea foliolosa

Saltbushes

Einadia nutans Enchylaena tomentos Rhagodia spinescens
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Shrub and herbaceous daisies

Shrubs, some highly ornamental

Groundcovers

Grasses

Also included in the nursery is a population of silver banksia 
(Banksia marginata), Wagga Wagga’s floral emblem.

Calotis cuneifolia Chrysocephalum apiculatum Microseris lanceolata

Calotis lappulacea Chrysocephalum semipapposum Vittadinia spp. (2 species)

Cassinia longifolia Leiocarpa panaetioides Xerochrysum viscosum

Bursaria spinosa Grevillea alpine Phyllanthus occidentalis

Calytrix tetragona Grevillea floribunda Pittosporum angustifolium

Cheiranthera cyanea Hakea tephrosperma Prostanthera denticulate

Dodonaea viscose (2 subspp.) Leptospermum continentale Spyridium parvifolium

Brunonia australis Dichopogon strictus Pomax umbellate

Dianella longifolia Isotoma axillaris Wahlenbergia (several spp.)

Dianella revoluta Lomandra multiflora

Aristida behriana Elymus scaber Rytidosperma pallidum

Austrostipa densiflora Microlaena stipoides Themeda australis

A. elegantissima Poa sieberiana

Dichelachne crinita Rytidosperma fulvum
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This forum will examine the weeds, pests and diseases that are emerging as problems in conservation cropping. 

Notes

Forum I

Stubble - Pests, Diseases and Weeds



2014 Graham Centre   |   Cropping and Pasture Systems Field Site 25

Notes
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This forum will concentrate on livestock, the feedbase and animal health issues.

Notes

Forum II

Livestock and the Feedbase - Animal Health
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Notes
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