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Cereal root diseases cost grain growers in excess of $200 million  
annually in lost production. Much of this loss can be prevented. 
Using PREDICTA® B soil tests and advice from your local accredited agronomist,  
these diseases can be detected and managed before losses occur. PREDICTA® B  
is a DNA-based soil-testing service to assist growers in identifying soil borne  
diseases that pose a significant risk, before sowing the crop.
Enquire with your local agronomist or visit  
http://pir.sa.gov.au/research/services/molecular_diagnostics/predicta_b

Potential high-risk paddocks: 
■  Bare patches, uneven growth,  

white heads in previous crop 
■  Paddocks with unexplained poor yield  

from the previous year 
■  High frequency of root lesion  

nematode-susceptible crops,  
such as chickpeas 

■  Intolerant cereal varieties grown  
on stored moisture 

■ Newly purchased or leased land
■ Cereals on cereals
■ Cereal following grassy pastures 
■ Durum crops (crown rot)

There are PREDICTA® B tests for  
most of the soil-borne diseases of  
cereals and some pulse crops: 
■ Crown rot (cereals) 
■ Rhizoctonia root rot 
■ Take-all (including oat strain) 
■ Root lesion nematodes 
■ Cereal cyst nematode 
■ Stem nematode 
■ Blackspot (field peas)
■ Yellow leaf spot
■ Common root rot
■ Pythium clade f
■ Charcoal rot 
■ Ascochyta blight of chickpea
■ White grain disorder
■ Sclerotinia stem rot

PREDICTA® B 
KNOW BEFORE YOU SOW

CONTACT:
Russell Burns
russell.burns@sa.gov.au
0401 122 115

SOUTHERN/WESTERN REGION*

*CENTRAL NSW, SOUTHERN NSW, VICTORIA, TASMANIA, SOUTH AUSTRALIA, WESTERN AUSTRALIA

PredAA4_SW_advert1811.indd   1 13/11/18   4:29 pm

http://pir.sa.gov.au/research/services/molecular_diagnostics/predicta_b
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Program
9:00 am Welcome Brett Symes, ORM

9:05 am GRDC welcome and update GRDC representative

9:15 am Nitrogen and soil organic matter decline -  Jeff Baldock,   
 what is needed to fix it? CSIRO 

9:55 am Hay – how is it ‘stacking up’?  Colin Peace, 
  Jumbuk Ag Consulting 

10:35 am Morning tea 

11.05 am Lessons from the ‘Stubble Initiative’ every grower Claire Browne, 
 should know BCG

11:45 am Virtual fencing Rick Llewellyn,  
  CSIRO

12.25 pm The war on weeds - latest tips Chris Preston,   
  University of Adelaide

1.05 pm Close and evaluation Brett Symes, ORM

1.10 pm Lunch 

On Twitter? Follow @GRDCUpdateSouth and use the  
hashtag #GRDCUpdates to share key messages
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BCG MAIN 
FIELD DAY

WEDNESDAY 11 SEPTEMBER 2019
BCG MAIN RESEARCH SITE 

9km west of Birchip

GRDC Effective 
Spray Application 

workshops
Multiple locations, visit 

www.bcg.org.au/events for more 

information

FOR MORE INFORMATION
BIRCHIP CROPPING GROUP INC. (BCG)

73 CUMMING AVE, BIRCHIP VIC 3483
03 5492 2787 

INFO@BCG.ORG.AU 
WWW.BCG.ORG.AU

Using 
standing crops for 

finishing lambs

THURSDAY 21 MARCH 2019
ST ARNAUD SPORTS 
GROUND PAVILION 

9AM to 2PM

http://www.bcg.org.au


Charlie Aves, Executive Officer 

0416 400 979

charlie.aves@irrigatedcroppingcouncil.com.au 

PO Box 549, Kerang, VIC, 3579 

www.irrigatedcroppingcouncil.com.au

T O  S I G N  U P  ,  C O N T A C T  N A S  O X F O R D  A T  N A S O X F O R D @ M A I L . C O M

Irrigated Cropping
Council

THE ORGANISATION: A not-for-profit grower group
lead by a board of local, leading irrigation  
farmers and agribusiness professionals. The ICC
runs a 15ha irrigated field research site and works
with farmer collaborators to deliver local, adoptable
irrigated research across our region. We co-host the
GRDC Update in Moama to ensure the focus
remains on irrigation and strive to work with local
agribusiness, other farmer and research
organisations to ensure irrigated crop research
continues in our region.  
MEMBERSHIP BENEFITS: Members receive a
copy of our annual trial summary, biannual printed
newsletters, regular email updates and full access to
the ICC website. It provides access to our field days
and workshops and helps fund core ICC research
such as the variety trials. Membership not only
benefits your irrigated cropping business but enables
us to continue to deliver farmer lead, locally relevant
research and extension to irrigated mixed and
cropping farmers.

MISSION: To improve the profitability and long-term viability of mixed farmers and croppers in the
irrigation areas of northern Victoria and southern New South Wales, through research, demonstration,

education, discussion and effective communication. 

BECOME A MEMBER FOR JUST $40 / YEAR 
 

SPONSORSHIP STARTs AT $500

@IrrigatedCC

CONNECT WITH US

@IrrigatedCroppingCouncil

http://www.irrigatedcroppingcouncil.com.au


Mike Krause
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Module 2

Mike Krause
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Mike Krause

GRDC_A4_FB_Manual_Comp.indd   1 15/06/2017   2:23 PM

http://www.grdc.com.au/FarmingTheBusiness
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Introduction
SOM and soil organic carbon (SOC) are 

sometimes used interchangeably and on average 
SOM contains 58% carbon (C) (Hoyle et al. 2011). The 
majority of the balance is made up of other elements 
including nutrients (N, phosphorus (P) and sulphur 
(S)) as well as oxygen and hydrogen. It is important 
to recognise that SOM contents are therefore 1.72 
times greater than SOC contents and attention must 
be paid to soil test values to confirm what has been 
reported. 

A simple organic carbon (OC) cycle for agricultural 
soils is provided in Figure 1. OC enters the soil 
through the capture of carbon dioxide (CO2) by 
crops and pastures and the subsequent deposition 

of residues on and within the soil. For surface 
deposited materials to contribute, the OC in the 
residues must be mixed into the soil or broken down 
and moved into the soil. Any removals of products 
or residues will reduce the flow of OC into the 
soil. Once in the soil, the activity of decomposer 
organisms will respire a portion of the OC back  
to CO2. 

Soil erosion can also contribute significantly to 
SOC loss with practices such as maintaining ground 
cover reducing the impact. Although analysis 
laboratories typically provide values for SOC 
content, the actual amount of OC present in a soil 
is referred to as the stock of OC and is calculated 
by defining the tonnes of C present in a soil to a 
defined depth according to Equation 

Keywords
 soil, nitrogen, N, soil organic matter, soil fertility, profitability, productivity. 

Take home messages
	Stocks of soil organic matter (SOM) and nitrogen (N) are limited resources and current trends 

across Australian agricultural soils indicate that these are declining (Luo et al. 2010).

	Soil derived N can contribute to the amount of N available to a crop. As the capacity of a soil to 
deliver N declines, increased rates of fertiliser N will be required and optimising profit (where 
marginal benefit=marginal cost) may move to lower yields.

	N balance calculations are essential to define how management is altering the stock of soil 
N. A range of indices exist that can be monitored over time to provide an indication of how 
management is affecting N stocks.

	Altering management practices to maintain SOM and N status are likely to be associated with 
increased costs (either increased expenditure or opportunity costs). Mechanisms for offsetting 
increased costs associated with applying management practices to accumulate organic matter 
and N exist, and more are under development.

	Taking a long term (decadal) view on the economic implications is critical to ensure future 
productivity will not be compromised in an effort to maximise short term (annual) profits.

Jeff Baldock¹.
1CSIRO Agriculture and Food.

GRDC project code: CSP00207

Nitrogen and soil organic matter decline - what is 
needed to fix it?
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[1] (Sanderman et al. 2011). Both the content and 
stock of OC content in a soil therefore represents 
the net balance between the rates of C addition 
and loss. Any alteration to management practices 
that can enhance rates of OC addition (flows with 
black circles in Figure 1) or reduce losses (flows with 
white circles in Figure 1) beyond that currently being 
attained have the potential to increase the amount 
of C in soil. 

Declines in SOM and N status in agricultural 
soils

Conversion of native soils to agricultural 
production often results in a decline in SOC 
content or stock. Under Australian conditions, 
Luo et al. (2010) assembled data from 20 different 
studies indicating that cultivation of the 0cm-10cm 
soil layer resulted in a decline in SOC stocks to 
values approximately half those in soils in their 
native condition. However, the extent of loss did 
vary between 20% and 70% with similar, but more 
variable results when the 0cm-30cm soil layer was 
examined. The observation that significant amounts 
of SOC have been lost due to cultivation suggests 
that changes to management practices will be 
required to rebuild SOC. Although some changes 
have been implemented (e.g. reduced/zero tillage 
and reductions in stubble burning/removal), further 
change and the introduction of new approaches 
may be required.

The strong link between OC and N in SOM 
indicates that losses of SOC are also indicative 
of a loss of soil N. OC to N ratios of 10 to 12 are 
generally expected for mineral soils. Across a 
range of Australian soils varying in OC content 
from <1% to just over 14%, the OC to N ratio was 
found to be 11.1 on average (Kirkby et al., 2011). The 
implication of this is that where the OC content of 
the 0cm-10cm soil layer with a bulk density of 1.3 
g/cm³ and no gravel, declines from 2% to 1% by 
weight, approximately 1081kg N/ha will have been 
mineralised. The possible fate of the mineralised 
N would be uptake and removal in agricultural 
products or loss from the soil. If the loss occurred 
over a 20-year period, then the reduction in OC 
has provided an average of 50kg N/ha/year. As 
the OC within the soil continues to decline, two 
outcomes will become evident: 1) the rate of OC 
loss decreases, hence, less N is mineralised and 
potentially made available to growing crops and 
2) once a lower threshold value of OC is passed, 
little N will be mineralised and released and crop 
production will become much more reliant on 
fertiliser N additions.

Implications of declining organic matter and 
N status

SOM contributes positively to a range of soil 
properties and functions considered important to 
defining the potential productivity of soil. 

Figure 1. Carbon cycle in agricultural soils showing inputs and losses of organic carbon

Equation [1]. Equation used to calculate the stock of organic carbon in the soil.



 2019 BOORT GRDC GRAINS RESEARCH UPDATE

11

Across different types of soils (e.g. soils varying 
in clay content) the importance of organic matter 
contributions will vary. In Figure 3 a conceptual 
framework is presented that summaries the relative 
importance of organic matter; with the change in the 
width of the shapes providing an indication of the 
relative importance of organic matter to a particular 
function. As an example, for cation exchange 
capacity (CEC), organic matter will provide the only 
source of CEC in a sand and is therefore critical 
to the provision of this soil property. However, 
as clay content increases, the requirement for 
organic matter to provide CEC declines because 
the contribution of clay particles to CEC meets the 

needs of the soil. As a second example, consider 
the provision of energy for biological processes. 
Irrespective of clay content or nature of the minerals 
present in a soil, organic matter is the source of 
energy for organisms. Thus, the shape for this 
process remains wide across all clay contents.

With declining levels of organic matter in soil, the 
ability of the organic matter to contribute adequately 
to the functions identified in Figure 3 declines. If 
these contributions drop below the threshold values 
required to maintain adequate soil function, then soil 
productivity will be compromised. It is important to 
note however that for SOM to contribute to these 
properties and functions it needs to decompose 

Figure 2. Change in soil organic carbon stocks of the 0cm-10 cm layer with increasing duration of cultivation 
relative to the stock in soils under native condition.

Figure 3. Conceptual contributions of the contribution of organic matter to various soil properties and 
functions and how this varies across soils with changes in clay content. The width of the shape corresponds 
to the ascribed importance at a given clay content. 
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and cycle. Thus, in attempts to build SOM, it is not 
desirable to stop its decomposition, rather attempts 
should be made to increase the rate of organic 
matter addition to result in a net gain and promote 
greater cycling and enhanced contributions to 
beneficial soil properties and processes.

Under dryland growing conditions in Australia, 
yield potential is typically defined by the availability 
of water to grow grain crops by summing plant 
available water stored in the soil at sowing 
and predicting the amount of rainfall that will 
be received. Using the amount of water that is 
potentially available to set a yield target and 
assigning a protein content for the grain allows the 
derivation of N requirements. Achieving a good 
match between crop N demand and N availability 
requires the prediction of N delivery from the 
soil and the addition of an appropriate amount of 
fertiliser N. A declining soil N status means that to 
achieve yield and protein targets defined by the 
availability of water, additional fertiliser N will  
be required.

Fertiliser rate trials have demonstrated that the 
efficiency of fertiliser N use declines as fertiliser 
application rates increase (for examples see Bell 
et al. 2014; Lester et al. 2009). Each incremental 
increase in yield requires a larger addition of 

fertiliser N, and therefore, costs more; particularly 
in progressing towards the biological optimum 
yield (e.g. point B on the yield curve in Figure 4a). 
A contributor to this relationship resides in the 
mechanisms by which available N can be lost from 
the soil/crop system (e.g. volatilisation, denitrification 
and leaching), and the increased potential for these 
losses to occur as the concentration of available N 
in soil increases in response to increasing fertiliser 
addition. As a result, where fertiliser N application 
rates have to increase in response to a decreased 
ability of the soil to supply N, the cost of achieving 
an additional yield increment will increase and the 
profitability ($/kg of fertiliser N applied) of applying 
additional fertiliser N will decrease. Under such 
circumstances, and assuming all other variable costs 
remain fixed, the economic optimum yield (where 
marginal benefit = marginal cost, point A on the 
profit curve in Figure 4a) will decline as the ability of 
a soil to supply N decreases (point D versus point E 
in Figure 4b). It is important to note that the different 
responses presented for the soils with a low and 
high N supply capacity in Figure 4 are conceptual 
and have been accentuated to demonstrate the 
points being made. A more complete economic 
assessment is required to quantify the magnitude 
of the proposed profitability differences and fully 
assess the implications.

Figure 4. Changes in (a) the efficiency of fertiliser N use in terms of grain producing grain and potential 
relationship between biological and economic optimum yields (b) profitability of grain production with 
increasing fertiliser N application rates for soil with a low (solid line) or high (dashed line) N supply capacity. 
Note that these diagrams are conceptual and differences between low and high N supply capacity have 
been accentuated for the purpose of demonstrating potential differences.
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Part of the benefit provided by soil N supply, 
relative to fertiliser N application, resides in the fact 
that N derived from organic matter decomposition 
is metered out over the growing season and 
responds positively to the same environmental 
conditions controlling crop growth and N demand 
(e.g. availability of water and temperature). With an 
increasing reliance on soil derived N, the supply 
and crop demand for N are likely to be better 
synchronised, leading to a lower chance of available 
N accumulating in the soil. However, if fertiliser N 
is added and creates an excess of available N, the 
slow release and more synchronous behaviour of 
N being mineralised from the SOM will be lost. This 
occurs because, when mineralised N enters the 
available N pool, it behaves in a manner similar to 
the added fertiliser N.

What is needed to fix it?
Increasing soil organic matter content or stock

Given that the amount of organic matter present 
in a soil results from the balance between inputs 
and losses (Figure 1), to shift SOM stocks to higher 
values will require an increase to the flow of OC 
into the soil. An exception to this may be where 
rates of SOM loss due to erosion can be reduced 
through maintaining a greater amount of soil cover. 
Questions that should be posed include:

1) Are organic materials being removed (e.g. 
crop residues) and can this practice be halted? 

2) Are current management practices maximising 
water use efficiency (expressed in terms of  
dry matter production per mm of available 
water)? If not, are there alternative practices 
available that can be used to move towards 
greater water use efficiency and enhanced 
biomass production?

3) Is there scope to alter the production system 
to include a greater proportion of legumes, 
particularly legumes grown as a green or 
brown manure?

4) If erosion is an issue, can management 
practices be imposed that maintain a higher 
level of soil cover (for wind erosion) or can the 
movement of water over the soil be slowed 
(for water erosion).

Acknowledging that the current levels of SOM are 
a function of the history of management practices 
employed, if the answer to any of the above 
questions is yes, then there is scope to increase the 
storage of organic matter in the soil. 

A tendency has existed to suggest that the 
adoption of defined management practices (e.g. 
reduced tillage, rotational grazing) can alter SOM 
stocks. Sampling many Australian grain growing 
soils has suggested that increasing stocks of SOM 
is less about the nature of management practice 
and more about whether C flow to the soil has 
been enhanced. Adopting a perceived ‘C friendly’ 
management practice provides no guarantee that 
soil C stocks will increase.  The manner in which the 
practice is implemented and its impact on C flow to 
the soil is critical. For example, a grower maximising 
productivity of grain crops (continually achieving 
close to the water limited yield) and retaining all 
residues may end up with a better SOC stock  
than a grazier operating with a stocking rate that is 
too high.

Maintenance of soil N 

Most of the N contained in a soil (>95%) is found 
in the SOM. Rates of change of SOM are slow (often 
requiring >5 years to detect true change) and given 
the extent of spatial variability across paddocks and 
variations in seasonal conditions, it will be difficult 
to quantify the implications of growing single crops 
on soil N status through direct measurement. As a 
result, a number of agronomic indices have been 
developed and used to quantify the effectiveness 
of nutrient management based on yield responses, 
N extracted in grain and the difference between 
added and extracted N. These indices have been 
presented and discussed in a previous GRDC 
update paper (Baldock et al., 2018). In demonstrating 
the use of these indices, Norton (2016) obtained 
results across 4-5 years for 514 paddocks indicating 
on average that growers were mining N from the soil 
resulting in a decline in soil N status over time.

For growers to gain an appreciation of the 
implications of their management practices on 
soil N status, it is important to conduct N balance 
calculations. Given the different annual inputs, 
extractions and losses of N as a function of 
variations in applied management practices, soil 
properties and environmental conditions, growers 
are encouraged to complete annual N balance 
calculations (Equation [2] (Baldock et al. 2018)). 
Deriving values for all of the components of the 
N balance calculation may be difficult, particularly 
for some of the loss mechanisms; however, 
monitoring the N balance result obtained over time 
would remain useful and provide an indication 
of any trend. Although a trend to increasing N 
stocks is encouraged, it should be acknowledged 
that temporary periods of mining N stocks are 
acceptable, provided the extent of N mining is 
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quantified and followed by a rebuilding phase in 
which N stocks are replenished. It is recommended 
that annual N balance calculations be performed; 
however, the values should be integrated and 
accumulated over time to define the full effect 
of applied management practices and temporal 
trends. Such information will allow grain growers 
to implement appropriate actions to maintain their 
production base into the future and continue to 
maximise profitable grain yield outcomes.

Other than the application of fertiliser N, the main 
mechanism for growers to enhance N status is the 
inclusion of legumes in rotation with grain crops. 
This could include pulses and pasture options in 
rotation with grain production. To maximise N inputs, 
it may be appropriate to maximise the nodulation 
and biomass accumulation of a legume and retain 
all biomass (e.g. green manure). In essence, growers 
need to take a ‘crop management approach’ to 
growing a legume for augmenting the soil N status 
and contributing to SOM levels. Although this would 
be associated with a significant opportunity cost, 
the benefits to subsequent crops and long-term 
implications on soil N status and productivity may be 
positive. Longer term (>10 years) economic analyses 
of such options need to be considered since the 
most profitable short-term result will always be to 
maximise the extraction of N from the soil (i.e. mine 
the soil N reserve) thereby reducing the cost of 
production. Such analyses should also take into 
account other potential benefits including, but 
not limited to, diversification of the farm business, 
enhanced or additional weed control options and 
provision of crop disease breaks.

Options to offset the opportunity cost of 
maintaining SOM and N
Valuing SOM/C

Quantifying the value of SOM to production is 
essential. However, this is challenging, given the 
diversity of positive contributions SOM potentially 
makes to productivity and the different amount 
and types of organic matter required to achieve 
adequate functioning for different soils. Having 
such values will aid in the economic assessments of 
current investments or opportunity costs associated 
with management practices designed to maintain 
the SOM and N status. Where appropriate and 
consistent with farm business planning, entry into C 
markets may also contribute.

Valuing the natural capital of soil

Currently, the natural capital contained within 
soil does not contribute significantly to property 
valuation and little reward exists for the maintenance 
of natural capital. Based on the example provided 
earlier in this document, for every per cent by weight 
of OC in the 0cm-10 cm soil layer about 1000kg of 
N is present. Using a value of $1 to buy and apply a 
kg of N per ha, the N resource within the 0cm-10cm 
soil layer could be valued at $1000 per ha; however, 
such values rarely enter into the assessment of farm 
capital values. Movement by financial institutions 
towards valuing natural capital is now being 
discussed. Potential options include the provision 
of reduced interest rates on loans in response to 
being able to demonstrate that applied agricultural 
practices are maintaining 

NF=N added to the soil in the form of chemical fertilisers

NOA=N added to the soil in the form of organic amendments (e.g. manure, composts, etc.)

Ndfa=N derived from atmospheric N2 by symbiotic and non-symbiotic fixation

Ndep=N deposition from the atmosphere

NR=N removed in harvested products

NL=leached from the root zone

NV=volatilised as ammonia from fertilisers and soils

NDen=N lost as N2 and N2O by denitrification

NE=N lost by erosion

Equation 2. Calculation used to determine N balance.
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or enhancing soil. Tools such as those being 
developed by Digital Agricultural Services (https://
digitalagricultureservices.com/) will help facilitate 
natural capital valuation and its inclusion in financial 
decisions. Assessing the costs and benefits 
associated with changes in natural capital value will 
be required to clearly articulate the impact of such 
approaches on the farm business with both short- 
and long-term analyses being completed.  

Accounting for the true cost of production

When the value of grain and products derived 
from grain are assessed, often little consideration 
is given to how their production has altered the 
resource base from which they were derived 
and the costs associated with maintaining the 
base. Interest exists in tracking the provenance of 
commodities and attaching information about how 
they were produced. Being able to demonstrate 
effective management practices that maintain or 
enhance the soil resource base may allow entry into 
markets that attract higher returns and help to offset 
any opportunity costs.

Conclusions
• Stocks of soil organic matter and N are limited 

resources and current trends across Australian 
agricultural soils indicate that these stocks are 
declining. Declines in SOM are likely to result  
in decreased productivity and sustainability  
into the future. Establishing threshold values  
of composition and stock appropriate to 
different combinations of soil type and climate 
is required. 

• Soil derived N can make significant 
contributions to the amount of N available 
to a crop. As the capacity of a soil to deliver 
available N to crops declines, increased rates 
of fertiliser N will be required. As fertiliser N 
rates increase, the potential for N loss increases 
and typically leads to reduced fertiliser N use 
efficiency. As a result, with decreasing soil N 
supply capacity, optimised productivity (where 
marginal benefit=marginal cost) may move to 
lower yields.

• Completing N balance calculations is essential 
for grain growers to gain an understanding of 
how their management practices are altering 
the stock of N present in their soils. N balance 
calculations should be completed annually 
but integrated over time. Where negative N 
balances are obtained, the soil N resource is 
being mined. Under such circumstances, it is 
important to consider whether future long  

term (decadal) productivity and potential profit 
is being eroded to maximise short term  
(annual) values.

• Altering management practices to maintain 
SOM and N status are likely to be associated 
with increased costs (either increased 
expenditure or opportunity costs). Mechanisms 
for offsetting these costs exist and more are 
coming on line. Taking a long-term view on the 
economics of current management on future 
productivity is important.
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Notes



• Lorem Ipsum Dolor

• To replace a photo, 
first delete the 
existing picture. 
Then use Insert > 
Picture to add your 
own.

Looking for relevant and freely accessible information on issues such as 
crop nutrition, disease control or stubble management in your region?  
Online Farm Trials (OFT) contains more than 6000 trial projects, 80% of which 
are publically available, from across Australia on a wide variety of crop 
management issues and methods. Use OFT to discover relevant trial research 
information and result data, and to share your grains research online. 

www.farmtrials.com.au @onlinefarmtrial

 Access trials data and reports from across Australia 
 Share your grains research online
 View seasonally relevant collections of trials
 Search by GRDC programs
 Refer to location specific soil and climate data 
 Compare results from multiple trials to identify trends

http://www.farmtrials.com.au


 2019 BOORT GRDC GRAINS RESEARCH UPDATE

19

Background
Hay in the rotation benefits future grain crops and 

is an option for many in difficult seasons. 2018 has 
seen large areas of cereal and canola crops cut for 
hay, much of which currently remains for sale on-
farm. Hay prices are high but can change rapidly 
according to weather patterns. Hay marketing is also 
very different to grain, requiring new relationships 
and patience. 

Method
Through analysis of the Australian Bureau of 

Statistics (ABS) and conversations with contractors 
and hay growers, the hay supply and demand for 
the 2018 season has been undertaken and some 
conclusions drawn. 

Hay – how is it ‘stacking up’?

Keywords
 hay, export oaten, drought.

Take home messages
	Domestic and export demand for hay remain solid in short term.

	Export prices are matching those of domestic drought demand. 

	Suggest accessing export oaten hay market with a new crop contract.

Colin Peace.

Jumbuk Ag Consulting.

Figure 1. Price for hay delivered on-farm ($/t) from 1999 to 2019.
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Results and discussion
Prices

2018 saw hay prices reach record levels due 
to the extended drought down the east coast of 
Australia. Although the current prices have eased by 
approximately $40/t, prices are well supported. 

Supply

The 2018 hay and silage season saw a 
surprisingly large volume of hay baled. Around 15% 
of the area sown to wheat and barley in Victoria was 
cut for hay, albeit at low yields. The other key issue 
for supply was the impact of the mid December rain 
on the pastures in Gippsland and Western Districts. 
These areas enjoyed extended grazing on green 
pastures and subsequent generous volumes of hay 
and silage (Figure 2). 

Demand

The 2018 demand for hay ramped up in April 
last year with graziers from NSW and Qld buying 
up carryover hay. This demand continues this year 
and the extended road train network in Victoria is 
helping the huge northern-bound freight task.  

The eight export plants in the Victorian region 
have been actively competing with the local market 
and export volumes have been maintained. Chinese 
demand continues to remain strong (Figure 3). 

Quality

As often happens with droughted cereal hay, the 
quality of hay has been well above average. 

Although the canola crops, first cut in early to mid-
flower, were testing at 17 to 19% protein, the average 
for the season has been similar to that during the 

Figure 2. Historical hay production in Victoria (ABS) and estimates for 2018/19 (Jumbuk Ag).

Figure 3. Historical exports of Australian hay and straw (Source: ABS).
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Hay type Year No. of Samples   Crude Protein (%)  Energy ME (MJ/kg DM)  NDF (%) 
Canola 2006 579 Avg 15.9 9.8 41.3
    4.0-27.2   4.1-13.1  25.4-77.8 
Canola 2018 579 Avg 14.7 9.5 42.5
    3.7-26 3.5-12.8 27-66.4 
Wheaten 2016 160 Avg 6.8 8.1 59.0
Wheaten 2018 611 Avg 10.4 10.0 50.8

(Source: FeedTest Werribee)

Table 1. Comparative quality of hay samples analysed in the first three months of the season.

drought of 2006. As volumes of hay are generous 
and quality of hay highly variable (particularly for 
canola hay) buyers are selecting hay on test results. 

Monitoring hay stacks for the smell of tobacco, 
the appearance of slumping bales and by using hot 
meal probes (i.e. hay moisture meters) is proving 
valuable to avoid spontaneous combustion. Hay 
additives are also proving popular to help reduce 
the oxygen in baled hay, avoid quality losses of 
heated bales and minimise the chances of fire. 

Marketing

Summer demand for protein hay has been 
increasing, particularly as vetch hay supply is greatly 
reduced this year and most irrigators are no longer 
watering their lucerne stands. The cost of grain, hay 
and water is crippling the dairy industry and cows 
are being culled from the Murray and Goulburn 
Valleys and moved to southern Victoria. Buyers  
are assessing hay with even more scrutiny than 
previous years.  

Access to export markets and shed storage 
will be essential for those growers who intend 
to maintain cereal hay in the rotations. Current 
indications are that a guaranteed minimum price  

for top grade export oaten hay for the 2019/20 
season will be around $250 a tonne delivered 
to local hay processor plus storage and freight 
allowances if appropriate.  

Following the opening of the new hay processor 
at Ultima, two new hay plants are expected to be 
commissioned this year at Raywood and St Arnaud. 

Location Top price Bottom price
Storage Shedded Paddock stacked
Ex farm price $/t $330 $230
Bale weight kg 640 580
Protein CP (%) 20% 12%
Energy Mj ME/kg DM 12 6
Dry matter content 90% 85%
B Double payload t 26.24 23.78
Freight paid $/t $50.59 $55.82
Price del GV Vic $381 $286
Protein cost $/CP% $2.11 $2.80
Protein comparison 100% 133%
Energy cost cents/MJ $0.035 $0.056
Energy comparison 100% 159%

Table 2. Example of quality implications of two lots of canola 
hay competing for a market.

 Yield Price 19/20 Delivery point Breakeven price Gross Margin BE: Forecast Price
Wheat APW 2.46 $335 Geelong port $154.82 $443.56 46%
Barley Feed 2.41 $280 Geelong port $147.12 $320.42 53%
Barley Malt 2.41 $300 Melbourne $166.25 $322.52 55%
Canola 1.64 $550 Geelong port $288.48 $428.23 52%
Oats milling 2.23 $337 Melbourne $135.55 $449.90 40%
Chickpea desi 1.34 $630 Melbourne $293.10 $451.66 47%
Field pea 1.35 $380 Melbourne $215.29 $222.20 57%
Lentil nugget 1.31 $520 Melbourne $235.73 $371.70 45%
Faba beans 1.4 $350 Melbourne $232.70 $164.21 66%
Oaten Hay 5.2 $250 Plant $112.03 $717.43 45%

Table 3. Typical gross margins for broadacre crops in 2019/20 harvest period.
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Conclusions
Factors that could maintain the current high  

hay prices: 

• Very low carry in hay stocks.

• NSW/Qld demand started earlier this year.

• Still need a break next autumn.

• Mallee vetch all but gone.

• New road train routes encourage buyers.

• Irrigators pulling out of lucerne

Factors that could pull prices down include:

• Dairy herd culled.

• Big hay and silage season in the south.

• Price encourages straw production.

• More cereal crops cut this year.

• NSW demand unlikely to be as large.

Useful resources
https://www.feedtest.com.au/index.php/about/

feedtest-information

https://grdc.com.au/resources-and-publications/
all-publications/publications/2018/farm-gross-margin-
and-enterprise-planning-guide-2018

Contact details 

Colin Peace
PO Box 2252, Hawthorn
0413 835793
colin@jumbukag.com.au
@pcsjumbuk

 Return to contents
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Notes
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3.  Drift management strategies:  
things that the spray operator 
has the ability to change

Factors that the spray operator has the ability to change include the sprayer set-
up, the operating parameters, the product choice, the decision about when to start 
spraying and, most importantly, the decision when to stop spraying. 

Things that can be changed by the operator to reduce the potential for off-target 
movement of product are often referred to as drift reduction techniques (DRTs) or drift 
management strategies (DMSs). Some of these techniques and strategies may be 
referred to on the product label. 

3.1 Using coarser spray qualities
Spray quality is one of the simplest things that the spray operator can change to 
manage drift potential. However, increasing spray quality to reduce drift potential 
should only be done when the operator is confident that he/she can still achieve 
reasonable efficacy. 

Applicators should always select the coarsest spray quality that will provide 
appropriate levels of control.  

The product label is a good place to check what the recommended spray quality is for 
the products you intend to apply. 

In many situations where weeds are of a reasonable size, and the product being 
applied is well translocated, it may be possible to use coarser spray qualities without 
seeing a reduction in efficacy. 

However, by moving to very large droplet sizes, such as an extremely coarse (XC) 
spray quality, there are situations where reductions in efficacy could be expected, 
these include:

•	 using contact-type products;

•	 using low application volumes;

•	 targeting very small weeds;

•	 spraying into heavy stubbles or dense crop canopies; and

•	 spraying at higher speeds.

If spray applicators are considering using spray qualities larger than those 
recommended on the label, they should seek trial data to support this use. Where data 
is not available, then operators should initially spray small test strips, compare these 
with their regular nozzle set-up results and carefully evaluate the efficacy (control) 
obtained. It may be useful to discuss these plans with an adviser or agronomist and 
ask him/her to assist in evaluating the efficacy.

 For more 
information see the 
GRDC Fact Sheet 
‘Summer fallow 
spraying’ Fact 
Sheet

Drift Reduction 
Technology an 
introduction

PLAY VIDEO  

Tom Wolf

Module 17  
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Step 2: Check pressure

Check the pressure in each boom section adjacent to the inlet and ends of the 
section. If only using one calibrated testing gauge, set the pressure to achieve,  
for example, 3 bar at the nozzle outlet.

Mark the spray unit’s master gauge with a permanent marker. This will ensure the 
same pressure is achieved when moving the test gauge from section to section.

Step 3: Check flow meter output 
•	 If pressure across a boom section is uneven check for restrictions  

in	flow	–	kinked	hoses,	delamination	of	hoses	and	blocked	filters.	 
Make the required repairs before continuing.

•	 When the pressure is even, set at the desired operating pressure. 
Record	litres	per	minute	from	the	rate	controller	display	to	fine-tune	 
the	flow	meter	(see	flow	meter	calibration).

•	 Without	turning	the	spray	unit	off,	collect	water	from	at	least	four	
nozzles per section for one minute (check ends and middle of the 
section and note where the samples came from).

Flow though  
pressure tester. 

Photo: Bill Gordon

Options for 
measuring 
pressure at the 
nozzle 

Measuring 
nozzle pressure 
and output to 
check	flow	
meter accuracy
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Background 
The ’Stubble Initiative’ was a five-year program 

of research (2014-2018) initiated by GRDC following 
a comprehensive gap analysis (Scott et al. 2013) 
which aimed to provide management guidelines 
for profitable farming with retained stubble. 
Farming systems groups (Birchip Cropping Group 
(BCG), Central West Farming Systems (CWFS), 
Eyre Peninsula Agricultural Research Foundation 
(EPARF), FarmLink Research, Hart Field Site 
group, Irrigated Cropping Council (ICC), Southern 
Farming Systems (SFS), Lower Eyre Agricultural 
Development Association (LEADA), MacKillop Farm 
Management Group (MFMG), Mallee Sustainable 
Farming (MSF), Riverine Plains, Upper North Farming 
Systems (UNFS), Yorke Peninsula Alkaline Soils 
Group (YPASG), Vic No Till Farmers Association 
Inc (VNTFA), Mid North High Rainfall Zone Group 
(MNHRZ) and Yeruga Crop Research) worked 
on locally relevant issues and contributed to co-
ordinated research (CSIRO) and extension (SARDI) 
to develop regional guidelines to maintain profit 
in stubble retained systems. These guidelines and 

a range of other detailed extension material have 
been produced and communicated throughout the 
‘Stubble Initiative’ (see reading and reference list  
for links).

‘How much is too much stubble to handle?’ 
When do you need to reduce or remove stubble 

from the paddock to avoid affecting crop production 
and profitability?

Ideally you want to leave enough stubble after 
harvest and during the summer fallow to benefit 
from:

• Groundcover protection from wind and  
water erosion.

• Better soil moisture retention to help with  
timely sowing. 

• Maintained or improved nutrient retention. 

• Same or better soil structure by increasing soil 
microbial activity.

• Stubble and residual grain for a livestock 
feed source.

Stubble initiative

Keywords
 stubble, diversity, fallow management, water conservation, nitrogen immobilisation, weed 

management, soil fertility, pest control.  

Take home messages
	Be flexible in your approach to managing stubble and start stubble management early enough 

(i.e. at harvest time) so that it does not impact on sowing of subsequent crop. 

	Know the limitations of your seeder.

	Don’t let stubble compromise the big things i.e. weeds, diseases, pests and timeliness. 

	Diversify your cropping rotation.

	Stubble is not a good source of N for crops.

Claire Browne and Alison Frischke.

BCG.

GRDC project codes: BWD00024, CSP00186, CSP00174, EPF00001, MSF00003, YCR00003, MFM00006, 
CWF00018, CWF00020, RPI00009, LEA00002, UNF00002, SFS00032, DAS00160, DAS00119.
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Begin decisions regarding stubble load 
management before harvest (BCG, 2016a), allowing 
time to get the header organised and to use the 
harvesting process to produce stubble with desired 
characteristics for the following season. Continual 
monitoring of the stubble over the summer fallow 
period (BCG, 2016b) is required to determine if the 
stubble has the same characteristics required prior 
to seeding as those determined at harvest, due to 
changes such as rotations, summer rainfall, grazing 
intensity or weed spectrum. 

Harvest (and the harvesting process) is the best 
time to consider the type of stubble you require 
and to estimate how much stubble you will have 
to handle at seeding the following season. Break 
crops are less likely to cause sowing issues in the 
Wimmera and Mallee. Canola crops have stems that 
generally remain upright and crops can generally be 
sown between them. Legume stubbles break down 
faster than cereal stubbles because they have a 
lower carbon (C): nitrogen (N) ratio so generally don’t 
pose a risk to sowing. For example, lupins have a 
C:N ratio of 65:1 whereas cereal is 200:1. 

Reducing the stubble load however, must be 
considered if it compromises the crop production 
and profitability drivers including:

• Poor herbicide efficacy on pre-emergent  
crop weeds.

• Trash clearance and blockages at sowing – 
affecting sowing timeliness. 

• Poor crop establishment – uneven seeding 
depth, sowing gaps due to blockages, etc.

As well as potential risks to crop growing 
conditions:

• Early season N tie-up. 

• Stubble borne disease carry-over.

• Habitat for pests such as mice, snails and slugs.

• Increased risk of frost occurring on frost  
prone areas

Estimation of stubble load
Before harvest, cut 0.5m of crop row to ground 

level, at five sample points (totaling 2.5m). Cut the 
heads off, then dry and weigh the samples. 

To calculate stubble biomass, use

total weight of dry samples (g) = g/m²
 2.5m x row width (m)          

Every 100g/m² equals 1t/ha of dry stubble and 
crop residue.

After harvest, when straw has been cut and 
spread, place a quadrat whose sides are the width 
of the sowing row, centrally over a row, and collect 
the residue inside at five sample points. Dry and 
weigh the samples. 

To calculate stubble biomass, use                 

total weight of dry samples (g)  =  g/m²
 5 x sowing row width (m)  

 x sowing row width (m)   

Again, every 100g/m² equals 1t/ha of dry stubble 
and crop residue.

Estimation of stubble ground cover
It’s recommended that a minimum of 50% (Mallee) 

(MSF, 2013) to 70% (Wimmera and other areas) 
ground cover (about 1.0 - 1.5t dry matter/ha) remains 
on paddocks to prevent wind erosion. 

GRDC supported Grain & Graze 3 monitored 
the ground cover of stubble over summer. Figure 
1 shows ground cover for wheat stubble at Birchip 
(BCG, 2017a).

There are also good reference photos of 
standing, rolled, chained or cultivated stubble for 
estimating percentage ground cover in Know  
your Ground Cover – A Guide for Mallee Farmers 
(MSF, 2013).

The threshold where machinery can start to 
have trouble handling stubble varies considerably 

Figure 1a. 20% ground cover (0.4 t/ha) 1b. 50% ground cover (1 t/ha)      1c. 70% ground cover (1.5 t/ha).
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but occurs most commonly from 3 to 4t/ha (GRDC 
Factsheet, 2011). For some older tined machinery 
in wet conditions it can be as low as 2.2 t/ha while 
more modern set-ups and disc seeders can sow 
into heavy stubbles as of 9t/ha or more (CSU 
Factsheet, 2011). To establish and successfully grow 
a crop in these high stubble loads requires strategic 
planning and will be strongly influenced by seasonal 
conditions, for example the issues caused by hair-
pinning of stubbles in wet conditions.

Many Victorian farmers will graze stubbles soon 
after harvest to utilise any residual grain. Monitoring 
of stubbles during grazing to determine when stock 
should be removed based on groundcover, residual 
grain and green pick, and stubble orientation 
(standing vs. lying) is strongly advised. 

Once stock are removed, decide whether further 
stubble reduction is needed. There are occasions 
when burning will be the most economical solution 
for trash, weed and disease management. If 
possible, burning should be avoided due to 
the loss of groundcover, erosion and moisture 
conservation reasons, but also public views about 
air contamination and soil heath. Mulch (slash and 
leave on surface) or light incorporation of stubble 
(shallow tillage to increase soil-stubble contact) soon 
after harvest, achieve the same benefits and avoid 
the pre-sowing rush to burn once the fire restrictions 
are lifted. Further discussion about baling, mulching 
or, as a last resort, burning stubbles safely, can be 
found on the BCG website (BCG, 2017b). 

Stubble management at harvest, sowing 
and crop establishment
Changing crop harvesting methods

Understanding the financial impact of retaining 
stubble is necessary across the whole farm; not 
only the potential benefits to crop and livestock 
production, but also any costs that may be incurred 
from managing the retained stubble system. One 
example is to consider the return on investment 
(ROI) of using a stripper front to maximise cereal 
stubble retention (plucks heads only) and potentially 
save on costs from faster harvest speed and 
reduced risk of weather losses, compared with a 
draper front which cuts stubble lower and needs to 
process more residue through the header before 
spreading. Initial indications show that wheat and 
barley can be harvested successfully using a 
stripper front but harvesting break crops such as 
faba beans and lentils is still being investigated.

A Machinery Economics Calculator (BCG) has 
been developed as part of the GRDC supported 

‘Stubble Initiative’ project. Using key drivers for 
profit produced by investments in different harvest 
methods, the calculator helps quantify changes to 
the profit drivers, and determines the real ROI of the 
intended purchase. 

Example

An economic whole-farm case study based on 
paddock demonstrations across the 2015 and 
2016 seasons indicated that the perception of fuel 
saving and labour saving benefits using a stripper 
front may be overstated in the Victorian Mallee 
(Craig and Thamm, 2017). Greater savings on fuel 
and labour by the stripper front were realised with 
barley compared with wheat (barley has a higher 
harvest index). However, the greatest benefit was 
in higher yielding seasons – which suggests that 
for the Mallee environment, the ROI for a stripper 
front will be less compared to a higher yielding 
environment. The stripper front completed harvest 
in a shorter time period (two to three days), however 
again for the Mallee, it was demonstrated that the 
risk of adverse weather causing sprouting or quality 
downgrades was unlikely to change with faster 
harvesting. Several groups in the GRDC ‘Stubble 
Initiative’ project also found that wheat crops sown 
into taller stubble (i.e. stubble left following harvest 
with a stripper front, 45cm compared with 15cm) 
received less sunlight and were exposed to cooler 
temperatures, which can reduce early growth and 
reduce tiller numbers. However, this effect didn’t 
always result in lower grain yield. 

Improving trash clearance and crop establishment

Retention of high stubble loads can cause 
clumping and machinery blockages at sowing. 
Stubble can be a physical barrier, reduce soil 
temperatures, block light and cause uneven seed 
placement and establishment or sowing gaps.  
About 1.0 - 1.5t/ha of stubble is needed to prevent 
wind erosion, and 2.5t/ha of stubble to help soil 
moisture retention, so some stubble from higher 
yielding crops can be removed to help sowing 
conditions, trash flow and subsequent crop 
establishment and vigour.

A Yeruga Crop Research project (GRDC project: 
YCR00003) is developing an App to assist growers 
and consultants to estimate the benefit or cost for 
different stubble management decisions (Swan et al. 
2017). The App will estimate the effect on profit by 
comparing the cost of stubble treatment operation 
and value of nutrient loss for practices such as 
baling, slashing, rolling, using a stripper front,  
narrow windrow burning or burning a crop to  
reduce stubble.
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Example

To harvest a 2t/ha grain crop that had 3t/ha 
stubble residue, the total cost of harvesting is 
$29.76/ha and if 70% of the stubble was burnt, 
nutrient loss (N, phosphorus (P), potassium (K) 
and sulphur (S)) would cost $12.65 in N, $1.62 
in P, $2.69 in S and $4.17 in K, a total of $21.13/
ha. From this calculation, the total harvest and 
stubble management cost would be $50.89/ha. If 
the stubble was narrow windrow burned; nutrient 
removal costs would reduce to $9.05/ha, so total 
costs would reduce to $38.82/ha. If the stubble was 
slashed instead, costing $9.50/ha, there would be 
no nutrient loss, and total costs would be $39.26/ha. 
Note: For full stubble retention in exceptional years or irrigated 
crops, additional costs may be incurred if machinery upgrades 
are necessary to handle higher stubble loads.

Options to improve trash clearance and crop 
establishment include:

• Tined seeders

o Cut stubble lower (10-15cm) with uniformly 
spread residue - straw length should be less 
than half the sowing row spacing; or kept 
to 65% of the effective tine clearance (the 
clearance between the ground and the first 
major obstruction along the shank under the 
tool bar) (Vaderstad Pty Ltd.). 

o Slow down and inter-row sow into dry 
stubble conditions. 

o Shank design is best straight, has a round 
cross sections and is vertical or leaning 
slightly backwards. Residue guards (round 
tubes) added to the shank can improve 
residue flow.

o Tine layout should be spread over 3-4 ranks 
(at least 50cm apart) to maximise distance 
between tines and subsequent trash flow 
(ICARDA Factsheet, 2013). 

o Distance between tines should be 1.3-1.5 
times residue length (55-60cm) for up to 3.5-
4.5t/ha wheat stubbles cut at 35-40cm high, 
and may require 1.8-2 times residue length 
for taller, heavier stubble.

o If stubble is cut higher, it will need reducing 
during the fallow period by either grazing, 
mulching or incorporating, baling, or as a last 
resort, burning (BCG, 2017b). 

o Coulters can be used to cut straw before the 
sowing tine pass.

• Disc seeders

o Disc seeders can handle taller, larger stubble 
load (less residue on ground) with uniformly 
spread residue and have better cutting 
capacity using a sharp disc opener operating 
in dry stubble and firm ground. 

o Inter-row sowing with precision guidance 
(2cm) and wider row spacing (30cm) is 
preferred.

o Avoid hair pinning by disc seeders when 
soils are wet and stubbles are soft, which 
pushes stubble into the furrow, causing poor 
seed-soil contact and furrow closure, and 
sometimes herbicide damage (herbicide on 
stubble touches the seed). 

o Residue managers clear residue from the 
path of the disc-seeder. 

o Many pre-emergent chemicals are not 
recommended for use with disc seeders. 
Chemicals that can be incorporated by 
sowing (IBS) are preferred rather than post 
sowing pre-emergence (PSPE) chemicals.

o Grazing stubbles or post-harvest cultivation 
will reduce residue but may affect the ability 
to inter-row sow depending on the resultant 
residue characteristics.

Crop rotation
Using crop type in rotations is one way of 

managing the effects of stubble and successful 
emergence of different seed sizes. Different crop 
types provide a less antagonistic stubble to sow 
into, reducing disease, pest and weed constraints. 
Break crops are less likely to cause physical sowing 
issues in the Wimmera and Mallee: canola crops 
have stems that generally remain upright that can be 
sown between, while legume stubbles break down 
faster than cereal stubbles and leave little residue. 
Planting a larger seeded legume crop after a cereal, 
followed by a canola crop into the legume stubble is 
one way to manage seed size and establishment. 

Stubbles and herbicide efficacy 
There’s no set stubble height or cover amount for 

herbicide efficacy as it is influenced by stubble load, 
summer rainfall to decompose stubble, and rain after 
herbicide application. However, lowering stubble 
height and loads will assist penetration, as well as 
chemical application choices. 
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Options to improve herbicide efficacy include:

• Manage stubbles 

o Cut stubbles low (10-15cm) at harvest (http://
www.farmlink.com.au/project/maintaining-
profitable-farming-systems-with-retained-
stubble). Spread evenly for tined seeders.

o Cut hay and silage crops before weed 
seed set. This has been shown to be most 
effective in BCG trials to reduce ryegrass 
seedbank (BCG, 2017b) 

o Burn narrow windrows (50-80cm wide) at 
high temperatures in early autumn (http://
www.farmlink.com.au/project/maintaining-
profitable-farming-systems-with-retained-
stubble). Effectiveness is dependent on the 
right conditions - to destroy a ryegrass seed 
the biomass must sustain a burn of 400°C for 
20 seconds.

o Use chaff carts (burn residues) or harvest 
weed seed destruction to manage weed 
seeds. However weeds must be high enough 
to enter the header cutter bar, not lower  
or lodged or it will be less effective  
(BCG, 2016c). 

o If grass weeds are an issue, reduce ground 
cover to less than 50% (BCG, 2015). 

o Use rotations and kill weeds in-season prior 
to seed set.

o Use burning as a last resort.

Managing early season nitrogen tie-up  
by stubble

Options to improve plant nutrition include:

• Create a N budget to help track and estimate 
how much N is needed for a growing crop.

• If soil tests are below 40kg N/ha in the top 
60cm, apply 20kg N/ha with the seed or deep 
banded at sowing to ensure crops get through 
to the beginning of stem elongation.

• The rule of thumb is that a wheat crop will  
need 40kg N/ha applied to produce 1t of 
grain, barley requires 35kg N/ha to produce 
1t of grain, and canola needs 80kg/ha of N to 
produce 1t of grain.

• Allow an additional 5kg N/ha per 1t/ha  
retained stubble to allow for N tie-up 
(Kirkegaard et al. 2018).

• Deep-banding N can improve a crop’s N 
uptake, yield and protein, especially where 
stubble is retained (Kirkegaard et al. 2018).

• Incorporation of stubble will help to mix 
nutrients and remove stratification of immobile 
nutrients at the soil surface but may also 
increase the N fertiliser requirement of the 
following crop.

• Grazing of stubbles can increase the mineral N 
available to crops (Hunt et al. 2012).

• Burning stubbles makes some N available 
immediately, but you will lose up to 80% of the 
stubble N content during the burn (Norton and 
Weaver, 2017).

• Stubble is not a good source of N for crops. 
Trials at Horsham, Temora and Karoonda found 
that only 1-6% of the N was recovered by the 
following two crops.  

Stubble borne disease carry-over management 

Stubbles can carry over plant diseases from 
previous crops, which can infect the following crops. 
The adoption of no-till stubble retained systems has 
particularly favoured development of yellow leaf 
spot (YLS), spot form net blotch (SFNB) and crown 
rot in the Wimmera and Mallee. Other stubble borne 
diseases include Net form net blotch (NFNB) and 
Scald in barley. 

Options to reduce the impact of stubble borne 
disease carryover include:

• Use the Predicta®B test to identify diseases and 
levels and decide how to manage any risks. 

• If disease is present, use crop rotation and 
resistant varieties that do not host the disease.

• Control the green bridge that can host stubble 
borne diseases, particularly grasses for cereals. 

• Timely sowing and adequate nutrition for early 
crop vigour.

• Monitoring and timely fungicide applications for 
some diseases. 

• Graze stubble with livestock to reduce loads 
and trample residues for faster breakdown.

• Mulch or lightly incorporate stubble into soil 
to allow breakdown of disease before sowing 
(needs moisture). 

• Use burning as a last resort.
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Pest management in stubbles
Increased stubble retention, reduced cultivation 

and more intensive cropping has created a more 
favourable habitat and quantity of feed for pests to 
survive and multiply; particularly mice and snails, and 
in wetter seasons; slugs, millipedes, earwigs, slaters 
and weevils.

Options to improve pest management include:

• Bait for mice and snail control. 

• Graze stubble with livestock to reduce food 
sources and trample residues for habitat 
breakdown. Anecdotally, in 2017 mouse 
populations were considerably smaller where 
stubbles had been grazed across the Wimmera 
and Mallee, compared to where stubbles 
remained ungrazed.

• Control summer weeds and crop volunteers 
that provide food and habitat.

• Mulch or lightly incorporate stubble to remove 
habitat and food sources. Cultivation will  
disturb burrows.

• Use burning as a last resort.
(Source: BCG, 2018) 

Making stubble management decisions
Use information within this paper to help decide 

when reducing or removing stubble will benefit your 
crop production system, from reducing potential 
negative effects of stubble on plant establishment, 
production and profitability. There is no magical 
stubble amount that suits all situations and solves all 
problems. Every farm is different and the need for 
stubble management will depend on how much and 
what type of stubble, whether you manage livestock 
and need to deal with trampled residues, type of 
harvest equipment and whether sowing with tyne 
or disc systems, and what weed, disease or pest 
threats are posed.

Conclusions 
• Be flexible in your approach to managing 

stubble and start stubble management early 
enough (i.e. at harvest time) so that it does not 
impact on sowing of subsequent crop. 

• Know the limitations of your seeder.

• Don’t let stubble compromise the big things i.e. 
weeds, diseases, pests and timeliness. 

• Diversify your cropping rotation.

• Stubble is not a good source of N for crops.

Useful resources and references
https://grdc.com.au/research/trials,-programs-and-

initiatives/stubble-initiative

BCG. https://thestubbleproject.wordpress.com/5-
farm-business-analysis-investment-in-harvest-
machinery-for-stubble-retained-systems/

BCG, 2015. https://thestubbleproject.files.
wordpress.com/2015/10/stubble-guideline-spraying_
final.pdf.

BCG, 2016a. https://thestubbleproject.wordpress.
com/2016/06/01/stubble-management-at-harvest/

BCG, 2016b. https://thestubbleproject.wordpress.
com/2016/06/01/monitoring-stubbles-during-the-
fallow-period/

BCG, 2016c. https://thestubbleproject.wordpress.
com/2016/08/09/weed-management-in-stubble-
retained-systems-in-the-wimmera-and-mallee/.

BCG, 2017a.https://www.bcg.org.au/keeping-
livestock-productive-on-crop-stubbles/)..

BCG, 2017b. https://thestubbleproject.wordpress.
com/2017/09/18/tools-to-manage-stubble-during-
fallow-in-the-wimmera-and-mallee/.

BCG, 2018. https://thestubbleproject.wordpress.
com/2018/02/14/14-pest-management-in-retained-
stubble-systems/

Craig and Thamm, 2017. https://www.farmtrials.
com.au/trial/19576?search_num=5)

CSU Factsheet, 2011. https://www.csu.edu.au/__
data/assets/pdf_file/0004/922765/GC-stubble-fact-
sheet-November-2011-web.pdf.

Grain & Graze 3. http://www.grainandgraze3.com.
au/

GRDC Factsheet, 2011. https://grdc.com.
au/__data/assets/pdf_file/0026/224198/stubble-
management.pdf.pdf

Hunt et al. (2012). https://www.farmtrials.com.au/
trial_details.php?trial_project_id=16648

Norton and Weaver (2017). https://communities.
grdc.com.au/crop-nutrition/when-do-retained-
stubbles-increase-the-need-for-nitrogen/

ICARDA Factsheet, 2013. https://apps.
icarda.org/wsInternet/wsInternet.asmx/
DownloadFileToLocal?filePath=conservation_
agriculture/Iraq%202013%20FS4-RESIDUE%20
HANDLING.pdf&fileName=Iraq%202013%20FS4-
RESIDUE%20HANDLING.pdf)
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Kirkegaard et al. (2018). https://grdc.com.au/
resources-and-publications/grdc-update-papers/tab-
content/grdc-update-papers/2018/02/the-effects-of-
stubble-on-nitrogen-tie-up-and-supply

Kirkegaard et al. (2019). Ten key lessons from the 
‘Stubble Initiative’ every agronomist should know. 
GRDC Updates https://grdc.com.au/resources-and-
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update-papers/2019/02/ten-key-lessons-from-the-
stubble-initiative-every-agronomist-should-know

MSF, 2013. http://www.msfp.org.au/publications/
msf-stubble-guide )

Swan et al. (2017). Maintaining profitable farming 
systems with retained stubble across various 
rainfall environments in SA, Victoria and central and 
southern NSW. GRDC Updates in Adelaide, Wagga 
Wagga and Bendigo (https://grdc.com.au/resources-
and-publications/grdc-update-papers/tab-content/
grdc-update-papers/2017/02/maintaining-profitable-
farming-systems-with-retained-stubble-across-
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Background
Achieving optimal integration of cropping and 

grazing remains a major management challenge. 
As an example, increasing paddock sizes (or in 
some cases removing fences) to increase cropping 
efficiency usually reduces the ability to graze 
efficiently and manage any vulnerable areas. There 
is potential for sub-paddock fencing to improve both 
cropping and livestock productivity by managing 
grazing pressure of pastures, grazed crops and 
crop residue within cropping paddocks. Being able 
to avoid excessive grazing pressure on the most 
vulnerable parts of the paddock could also make 
grazing more profitable and less risky when meeting 
the increasing demand for early-season crop 
grazing to provide winter feed for livestock. 

Electric fencing for sub-paddock grazing is 
rarely used because of the labour, costs and other 
difficulties associated with managing temporary 
fences on large mixed farms. The potential for virtual 
fencing using global positioning system (GPS)-
enabled devices which are attached to animals 
and provide a signal to animals to deter them 
from grazing in particular areas of a paddock is an 
attractive option to many farmers. Other potential 

benefits of spatial grazing include the ability to target 
grazing on areas of paddocks with high weed levels, 
reduce grazing pressure on vulnerable areas of 
establishing pastures, reduce risk of crop yield loss 
caused by overgrazing vulnerable areas of grazed 
grain crop, and protect areas for revegetation. 

After more than a decade of development, the 
GPS-based technology to facilitate spatially-targeted 
grazing using ‘virtual fencing’ is at the point of 
commercial availability for use with cattle (Campbell 
et al. 2018; www.agersens.com). Recent CSIRO trials 
have tested the potential for virtual fencing methods 
to be used to manage sheep grazing. As well as 
conducting the first on-farm trials of their type in 
NSW and SA, the work has evaluated the potential 
economic benefits of spatial grazing using virtual 
fencing in mixed farming.

Results and discussion
Paddock testing

Over the past two years field trials have been 
conducted to test the potential to manage sheep 
with virtual fencing methods. Trials were initially 
conducted at the CSIRO research station near 

The potential for virtual fencing in mixed farming 

Keywords
 precision agriculture, livestock, grain and graze, mixed farming. 

Take home messages
	Virtual fencing offers major potential economic and land management benefits for grazing and 

mixed farming. 

	Virtual fencing technology is at the point of commercial availability for cattle, but relatively little 
work has been done to address the additional challenges of developing the technology for 
sheep.

	Field testing of virtual fencing methods so far has successfully demonstrated the potential 
application and efficacy of virtual fencing methods with sheep.
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Armidale, NSW to test the ability of individual  
sheep to be trained to respond to an audio cue  
on test collars.  

The first on-farm trial was conducted near Gol 
Gol, NSW in 2017 to test whether a small number 
of sheep can be excluded from an erodible area 
of a small paddock (Marini et al. 2018). Sheep were 
successfully kept out of the excluded zone of the 
paddock. The probability of a sheep receiving an 
electrical stimulus following an audio cue during the 
testing period was low (19 %). By the third day the 
sheep were able to avoid receiving an electrical 
stimuli by turning away from the boundary when the 
warning audio was applied. Following the removal 
of the virtual fence sheep were willing to cross the 
previous location of virtual fence after 30 minutes 
of being in the paddock. This is an important aspect 
in the implementation of virtual fencing as a grazing 
management tool and further enforces that the 
sheep in this study were able to associate the  
audio with the virtual fence and not the physical 
location itself. 

After gaining legislative change to allow trialling 
of virtual fencing in SA, a trial at Waikerie was 
conducted in 2018 involving a larger number of 
sheep and testing how effectively sheep grazing 
can be managed when not all sheep are wearing 
a virtual fencing device. As in the previous trial, 

the virtual fencing method of applying ‘manual’ 
application of a sound alert followed by electrical 
stimulus if required, was fully effective. Exclusion 
from the northern zone was successful for 100% and 
66% collared treatments but not the 33% collared 
treatment. Importantly the trials have demonstrated 
strong learning responses from sheep through the 
ethical application of virtual fencing devices. The 
most recent trials demonstrated the potential for 
successful grazing management when not all sheep 
wore a device, but larger scale and longer-term trials 
with greater grazing incentive are still required. 

Making it pay

Increasingly large crop paddock sizes make it 
difficult to achieve high grazing efficiency while 
maintaining optimal levels of crop residue on 
vulnerable areas. The potential economic and 
production benefit of sub-paddock spatial grazing 
for mixed farmers has been demonstrated using 
whole-farm economic analysis (MIDAS) for a low-
rainfall mallee-region farm (Llewellyn et al 2017). 
Based on being able to avoid having to remove 
livestock from an entire paddock when just one 
soil or zone incurs excessive groundcover loss, 
whole-farm income gains of approximately 15% 
were shown even when cropping still comprised 
70-80% of arable land. Importantly, introducing 

Figure 1. Residency maps for the flock under each treatment at Waikerie showing successful exclusion from 
northern zone under 100% and 66% collared treatments.
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spatial grazing increased the relative profitability of 
livestock in the system, in some cases doubling the 
profit maximising stocking rate. Analysis of potential 
gains through targeted grazing pressure for weed 
management showed similar paddock-level gains. 

Conclusion
Results from several trials demonstrate the ability 

for sheep to learn to respond rapidly to virtual 
fencing audio cues and the successful management 
of sheep grazing using virtual fencing. Further on-
farm work on larger scales and over longer time 
frames is now needed. While GPS-based virtual 
fencing for cattle is at the point of commercial 
availability, substantial investment is still required for 
development of a commercial device adapted for 
sheep. The large potential grazing management, 
economic and environmental benefits of virtual 
fencing for sheep, backed by a high level of farmer 
demand, offer strong encouragement for the pursuit 
of this goal.
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Resistance to herbicides in the Mallee  
and Wimmera

Grain producers have become more proficient 
atThe Wimmera and Mallee were last surveyed for 
herbicide resistance in 2015. For annual ryegrass, 
resistance to trifluralin, Intervix® and glyphosate 
had all increased, but there was little resistance to 
the new pre-emergent herbicides Boxer Gold® and 

Sakura® (Table 1). Glyphosate resistance was low in 
both areas but is now common enough to be picked 
up in our random weed surveys.

For brome grass resistance was found to the 
Group A and Group B herbicides (Table 2). All of the 
resistant populations were from the Mallee. While 
resistance to the Group B sulfonylurea herbicides 
was present, no resistance to Intervix® was found.

The war on weeds- latest tips

Keywords
 glyphosate resistance, annual ryegrass, fleabane, fence line weed control,  

pre-emergent herbicides 

Take home messages
	The main herbicide resistant grass weeds in the Wimmera and Mallee are annual ryegrass and 

brome grass.

	Understanding the behaviour of pre-emergent herbicides in soil is crucial to obtaining efficacy.

	Uragan® or Terrain® are useful alternatives to glyphosate for controlling weeds on fence lines, 
there are fewer options on irrigation channels.

Christopher Preston, Peter Boutsalis, Charlotte Aves and Gurjeet Gill.

School of Agriculture, Food & Wine, University of Adelaide.

GRDC project codes: UCS00020, UA00124

Herbicides tested Group Annual ryegrass populations resistant (%)
  Wimmera Mallee
Trifluralin  D 36 23
Boxer® Gold  J + K 0 0
Sakura®  K 0 0
Propyzamide D 0 0
Hoegrass®  A 80 47
Oust®  B 53 68
Intervix®  B 21 44
Axial®  A 46 10
Select®  A 10 0
Glyphosate  M 9 3

Table 1. Extent of herbicide resistance in annual ryegrass collected in random surveys in Wimmera and Mallee in 2015. 
Populations are considered resistant if there is more than 20% survival.
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Pre-emergent herbicide Example trade name Solubility (mg L-1) KOC (mL g-1) 
S-metolachlor Dual Gold®, Boxer Gold®* 480 High 226 Medium
Metazachlor Butisan® 450 High 54 Low
Diuron Diurex® 36 Medium 813 High
Atrazine Gesaprim® 35 Medium 174 Medium
Prosulfocarb Arcade®, Boxer Gold®* 13 Low 2000 High
Propyzamide EdgeTM 9 Low 840 High
Terbuthylazine Terbyne® 6.6 Low 260 Medium
Simazine Gesatop® 5 Low 130 Medium
Triallate Avadex® Xtra 4.1 Low 3000 High
Pyroxasulfone Sakura® 3.5 Low 223 Medium
Trifluralin TriflurX® 0.2 Very low 15,800 Very high

Note: *Boxer Gold® is a mix of prosulfocarb and S-metolachlor

Table 3. Solubility in water and binding to organic carbon (KOC) of common pre-emergent herbicides.

Getting pre-emergent herbicides to work
The key to understanding the behaviour of pre-

emergent herbicides is to understand what they 
are doing in the soil. Solubility of the herbicide, 
how much it binds to soil components (mostly 
organic carbon), soil type, rainfall patterns, and 
where the weed seeds are located are important in 
understanding the behaviour of herbicides.

Solubility in water and binding ability to organic 
carbon (KOC) of several pre-emergent herbicides are 
listed in Table 3. The way to consider the information 
in Table 3 is that the greater the solubility of an 
herbicide the more potential it has to move in the 
soil in response to rainfall. The lower the KOC, the 
less likely the herbicide is to become bound to soil 
organic matter. Therefore, Butisan® will be the most 
mobile herbicide and trifluralin the least mobile (n.b. 
Butisan® is more mobile than S-metolachlor despite 
having slightly lower water solubility because it 
has much lower binding ability to organic matter). 
Atrazine will move further than diuron, particularly on 
lower organic matter soils, even though solubility is 
similar, because diuron is more likely to interact with 
soil organic matter.

The next part of ‘getting pre-emergent herbicides 
to work’ is the location of the weed seeds in the soil. 
Most of these herbicides are taken up at or below 

the weed seed. If the seed is on the soil surface, the 
low solubility herbicides will work well, as they will 
have a small distance to move before encountering 
the weed seed. However, if the seed is buried, 
herbicides like Sakura® will perform less well than 
the more soluble herbicides like Boxer Gold®.

Finally, rainfall patterns are important. If the 
season opens with small, patchy falls of rain, the 
more water-soluble the herbicide the better it will 
perform, as they take less moisture to activate. The 
exception to this is trifluralin, which is taken up as 
a gas and turns into a gas as it encounters water. 
This means trifluralin is often the best herbicide for 
patchy starts to the season. On the other hand, if the 
crop is dry sown and a heavy rainfall event occurs, 
herbicides can easily move into the crop root 
zone and cause crop damage. The more soluble 
herbicides are most likely to do this, although in 
previously dry soils all herbicides move faster than if 
the soil is wet. 

Management of glyphosate resistant weeds 
on fence lines and irrigation channels

Glyphosate resistant weeds occurring on fence 
lines and crop margins can cause problems by 
moving into the cropped areas. Fence lines suffer 
from having no competition, so any surviving weed 

Herbicides tested Group Brome grass populations resistant (%)
Targa®  A 8
Atlantis®  B 12
Intervix®  B 0
Glyphosate  M 0

Table 2. Extent of herbicide resistance in brome grass collected in random surveys in Wimmera and Mallee in 2015. 
Populations are considered resistant if there is more than 20% survival.
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has full access to resources and can set a lot of 
seed. There are several species with glyphosate-
resistance that can become problems in this area 
including annual ryegrass, windmill grass, brome 
grass and fleabane. The problem is even worse 
for irrigation channels, as the seeds of glyphosate 
resistant weeds can shed into the water and 
be carried downstream affecting other crops. 
Glyphosate resistant annual ryegrass and fleabane 
have been reported from irrigation channels. 

Some years ago, research was conducted on 
the management of glyphosate resistant annual 
ryegrass on fence lines that led to the registration 
of Uragan® for this purpose. There are some 
other options that can be used during spring, but 

they tend not to work as well (Table 4). One of 
the problems with controlling all vegetation on 
fence lines is that the soil along the fence lines 
can become open to wind erosion on light soils if 
they are continually kept bare. Sowing as close as 
possible to the fence can reduce the amount of  
soil exposed.

An alternative to Uragan® that has been 
registered since our work was conducted on annual 
ryegrass is Terrain®. Terrain® needs to be applied to 
bare ground and needs 15mm of rain within a few 
weeks to activate it, consequently autumn or winter 
applications will be most effective. Terrain® is a  
good choice where young trees are close to the 
fence line.

Treatment  Rate (g or L ha-1) Oaklands Goolgowi
  Control (%)
Untreated - 0 a 0 a
Glyphosate 540 g/L 2 L 6 a 61 bc
Amitrole 250 g/L + ammonium thiocyanate 220 g/L 5.6 L 27 a 71 c
Glyphosate 540 g/L  + [Amitrole 250 g/L + ammonium thiocyanate 220 g/L]  2 L + 6 L 36 a 64 c
Diquat 200 g/L 400 mL 32 a 63 c
Glyphosate 540 g/L fb Diquat 200 g/L 2 L fb 400 mL 40 a 57 bc
Glyphosate 540 g/L + [Amitrole 250 g/L + ammonium thiocyanate 220 g/L] fb  2 L + 6 L fb 400 mL 43 a 21 ab
Diquat 200 g/L

Note: fb = followed by; Letters denote significant differences p<0.05.

Table 5. Control of glyphosate-resistant fleabane on channel banks with alternative herbicides at Oaklands in 2015 and 
Goolgowi in 2017.

  Hilltown Ungarra
Treatment  Rate (g or L/ha¹) Seed heads* Seed head reduction Seed heads* Seed head reduction
  (per m²) (%) (per m²) (%)

Untreated - 1111   a 0 271 a 0
Glyphosate 540 g/L  1 L 1002 ab 10 78   ab 71
Glyphosate 540 g/L  2 L 919   ab 17 61   ab 77
Glyphosate 540 g/L + (amitrole 250 g/L +   1 L + 6 L 367   bc 67 86   ab 68
ammonium thiocyanate 220 g/L)
Glyphosate 540 g/L + bromacil 800 g/kg  1 L + 3 kg 433   bc 61 58   ab 79
Paraquat 135 g/L + diquat 115 g/L  3.2 L 172   bc 85 3     b 99
Paraquat 125 g/L + amitrole 250 g/L  4 L 76     cd 93 3     b 99
[Paraquat 135 g/L + diquat 115 g/L] + bromacil 800 g/kg  3.2 L + 3 kg# 0       e 100 3     b 99
Glufosinate 200 g/L + (amitrole 250 g/L +  6 L + 6 L 138   cd 88 1     b 99.5
ammonium thiocyanate 220 g/L)
Glufosinate 200 g/L + bromacil 800 g/kg  6 L + 3 kg# 0       e 100 0     b 100
[Paraquat 135 g/L + diquat 115 g/L] fb [Paraquat 135 g/L   3.2 L fb 3.2 L 27     d 98 3     b 99
+ diquat 115 g/L]

Note: fb = followed by; Letters denote significant differences p<0.05.
# Bromacil (Uragan) label rate for non-crop areas is 3.5 to 6.5 kg/ha, with the 2.0 to 6.5 kg/ha rate on the label for ‘retreatment’

Table 4. Control of glyphosate-resistant annual ryegrass on fence lines with alternative herbicides at Hilltown and Ungarra  
in 2011.
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Control of glyphosate resistant weeds on 
irrigation channel banks is more complicated as 
there are fewer herbicide options. The options that 
are available include: glyphosate (some formulations 
only), amitrole, dichlobenil, diquat, imazapyr (some 
products only) and pendimethalin. There are 
numerous restrictions on the use of these herbicides 
on irrigation channels, so the label needs to be 
consulted before choosing a product to use. 

Two experiments were conducted for the control 
of glyphosate-resistant fleabane on channel 
banks in Victoria (Table 5). The population at 
Oaklands was very resistant to glyphosate and 
that at Goolgowi much less resistant. None of the 
treatments provided excellent control and there was 
considerable variability at Goolgowi, probably due to 
a mixture of resistant and susceptible individuals in 
the population. These experiments demonstrate the 
difficulty of controlling glyphosate resistant weeds 
on channel banks with other herbicides.

Useful resources
https://grdc.com.au/resources-and-publications/

groundcover/ground-cover-supplements/
groundcover-issue-128-weeds/new-options-for-
southern-fenceline-weed-control
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and livestock producer on Victoria’s 
Bellarine Peninsula. A consultant for 
more than 30 years, he has managed 

several research, development and extension 
programs for organisations including the GRDC 
(leading the Grain and Graze Programs), Meat and 
Livestock Australia and Dairy Australia. Cam 
specialises in whole-farm analysis and risk 
management. He is passionate about up-skilling 
growers and advisers to develop strategies and 
make better-informed decisions to manage risk – 
critical to the success of a farm business. Cam is 
the program manager of the Woady Yaloak 
Catchment Group and was highly commended in 
the 2015 Bob Hawke Landcare Awards.

M 0417 311 098 E cam@niconrural.com.au

The RCSN initiative was established to identify priority grains industry issues and desired 
outcomes and assist the GRDC in the development, delivery and review of targeted RD&E 
activities, creating enduring profitability for Australian grain growers. The composition and 
leadership of the RCSNs ensures constraints and opportunities are promptly identified, 
captured and effectively addressed. The initiative provides a transparent process that will 
guide the development of targeted investments aimed at delivering the knowledge, tools or 
technology required by growers now and in the future. Membership of the RCSN network 
comprises growers, researchers, advisers and agribusiness professionals. The three networks 
are focused on farming systems within a particular zone – low rainfall, medium rainfall and 
high rainfall – and comprise 38 RCSN members in total across these zones.

REGIONAL CROPPING SOLUTIONS NETWORK SUPPORT TEAM

FIGURE 1  The distribution of
members of the GRDC’s 
Regional Cropping Solutions Network 
in the southern region, 2017-2019.

RCSN zones

Members
To contact your nearest RCSN member go to
https://grdc.com.au/About-Us/Our-Grains-Industry/Regional-Cropping-Solutions-Networks

High Rainfall Medium Rainfall Low Rainfall
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KEY CONTACTS

SOUTHERN REGION

APPLIED RESEARCH AND DEVELOPMENT GROUP

GENETICS AND ENABLING TECHNOLOGIES GROUP

GROWER EXTENSION AND COMMUNICATIONS GROUP

BUSINESS AND COMMERCIAL GROUP

SENIOR REGIONAL 
MANAGER
Craig Ruchs 
Craig.Ruchs@grdc.com.au  
M: +61 4 7771 0813

MANAGER AGRONOMY, 
SOILS AND FARMING 
SYSTEMS (Agronomy & 
Farming Systems)
Andrew Etherton
Andrew.Etherton@grdc.com.au  
M: +61 4 0850 5566

BUSINESS SUPPORT 
TEAM LEADER 
Amanda Kendall
Amanda.Kendall@grdc.com.au 
P: +61 8 8198 8402

MANAGER AGRONOMY, 
SOILS AND FARMING 
SYSTEMS (Soils & 
Nutrition) 
Stephen Loss
Stephen.Loss@grdc.com.au  
M: +61 4 0841 2453

CONTRACTS AND TEAM 
ADMINISTRATOR
Claire West
Claire.West@grdc.com.au 
P: +61 8 8198 8401

MANAGER WEEDS
Jason Emms
Jason.Emms@grdc.com.au 
M: +61 4 3954 9950

CONTRACT 
ADMINISTRATOR
Mark Waterhouse
Mark.Waterhouse@grdc.com.au  
P: +61 8 8198 8406

SENIOR MANAGER 
ENABLING 
TECHNOLOGIES
Tom Giles
Tom.Giles@grdc.com.au 
M: +61 4 1788 9860

MANAGER NATIONAL 
VARIETY TRIALS
Rob Wheeler
Rob.Wheeler@grdc.com.au 
M: +61 4 0114 8935

CONTRACT 
ADMINISTRATOR
Cindy Hall
Cindy.Hall@grdc.com.au 
P: +61 8 8198 8400

ADELAIDE
Level 1
187 Fullarton Road
DULWICH SA 5065

P: +61 8 8198 8400
southern@grdc.com.au

GROWER RELATIONS 
MANAGER
Darren Arney
Darren.Arney@grdc.com.au  
M: +61 4 4787 7178

GROWER RELATIONS 
MANAGER
Courtney Ramsey
Courtney.Ramsey@grdc.com.au 
M: +61 4 2827 4018

GROWER RELATIONS 
MANAGER
Randall Wilksch
Randall.Wilksch@grdc.com.au 
M: +61 4 3776 9098

COMMUNICATIONS 
MANAGER
Sharon Watt
Sharon.Watt@grdc.com.au 
M: +61 4 0967 5100

HEAD OF BUSINESS 
DEVELOPMENT
Ron Osmond
Ron.Osmond@grdc.com.au 
M: +61 4 000 0264

MANAGER BUSINESS 
DEVELOPMENT AND 
COMMERCIALISATION
Fernando Felquer
Fernando.Felquer@grdc.com.au  
M: +61 4 1351 1412

grdc.com.au

http://www.grdc.com.au
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EXPERT  
SUPPORT  
AT YOUR 
FINGERTIPS

BE PART OF YOUR GRDC COMMUNITY

communities.grdc.com.au

Follow us on Twitter @aucropnutrition @auscropdiseases

Connect with experts in crop nutrition, field crop diseases and stored grain.

Visit our website for resources and videos to support your cropping decisions. 

NEED TECHNICAL SUPPORT?  
TRY OUR FREE ONLINE SERVICE

ASK AN
EXPERT

COMMUNITIES

http://www.communities.grdc.com.au
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WE LOVE TO GET  
YOUR FEEDBACK

Prefer to provide your feedback electronically or ‘as you go’?  The electronic evaluation form  
can be accessed by typing the URL address below into your internet browsers:

www.surveymonkey.com/r/Boort-GRU

To make the process as easy as possible, please follow these points:

• Complete the survey on one device 

• One person per device 

• You can start and stop the survey whenever you choose, just click ‘Next’ to save responses 
before exiting the survey. For example, after a session you can complete the relevant 
questions and then re-access the survey following other sessions.

http://www.surveymonkey.com/r/Boort-GRU
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2019 Boort GRDC Grains Research Update Evaluation

1.  Name 

	 ORM has permisssion to follow me up in regards to post event outcomes.

2.  How would you describe your main role? (choose one only)

	 ❑  Grower ❑  Grain marketing ❑  Student
 ❑  Agronomic adviser ❑  Farm input/service provider ❑  Other* (please specify)
 ❑  Farm business adviser ❑  Banking
 ❑  Financial adviser ❑  Accountant
 ❑  Communications/extension ❑  Researcher

Your feedback on the presentations
For each presentation you attended, please rate the content relevance and presentation quality on a scale 
of 0 to 10 by placing a number in the box (10 =  totally satisfactory, 0 = totally unsatisfactory).   

3. Nitrogen and soil organic matter decline - what is needed to fix it? Jeff Baldock

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

4.  Hay – how is it ‘stacking up’? Colin Peace

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

5. Lessons from the ‘Stubble Initiative’ every grower should know: Claire Browne

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

6. Virtual fencing: Rick Llewellyn

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?
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7. The war on weeds - latest tips: Chris Preston

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Your next steps
8.  Please describe at least one new strategy you will undertake as a result of attending this  

Update event

9. What are the first steps you will take?  
e.g. seek further information from a presenter, consider a new resource, talk to my network, start a trial in my business

Your feedback on the Update
10. This Update has increased my awareness and knowledge of the latest in grains research

    Neither agree Strongly agree Agree   Disagree Strongly disagree    nor Disagree   
 ❑ ❑	 ❑	 ❑	 ❑

11. Overall, how did the Update event meet your expectations?
 Very much exceeded Exceeded Met Partially met Did not meet
	 ❑ ❑	 ❑	 ❑	 ❑

Comments

12. Do you have any comments or suggestions to improve the GRDC Update events?

13. Are there any subjects you would like covered in the next Update?

Thank you for your feedback.
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