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CAUTION:  RESEARCH ON UNREGISTERED PESTICIDE USE
Any research with unregistered pesticides or of unregistered products reported in this document does not 

constitute a recommendation for that particular use by the authors, the authors’ organisations or the management 
committee. All pesticide applications must accord with the currently registered label for that particular pesticide, 

crop, pest and region.

DISCLAIMER - TECHNICAL
This publication has been prepared in good faith on the basis of information available at the date of publication 

without any independent verification. The Grains Research and Development Corporation does not guarantee or 
warrant the accuracy, reliability, completeness of currency of the information in this publication nor its usefulness 

in achieving any purpose.
Readers are responsible for assessing the relevance and accuracy of the content of this publication. The Grains 

Research and Development Corporation will not be liable for any loss, damage, cost or expense incurred or 
arising by reason of any person using or relying on the information in this publication.

Products may be identified by proprietary or trade names to help readers identify particular types of products but 
this is not, and is not intended to be, an endorsement or recommendation of any product or manufacturer referred 

to. Other products may perform as well or better than those specifically referred to.
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Program
9:30 am Welcome ORM
9:05 am GRDC welcome and update GRDC
9:20 am How to think about emerging technologies Paul Higgins, Emergent Futures
10:05 am Stripper fronts and disc seeding Tom Robinson, Robinson Farms
10:50 am Morning tea

 BALLROOM 1&2 
11:20 am Research & economic review – soil amelioration  Sam Trengove, Trengove Consulting; 
 methods to break constraints on sandy soils Michael Moodie, Moodie Agronomy;  
  and Rick Llewellyn, CSIRO
12.25 pm Research & economic review – soil amelioration  Q&A session 
 methods to break constraints on sandy soils
 COLLEY 1 
11.20 am Concurrent: While farm enterprise economics –  David Cann, 
 Case study long fallow in the Mallee La Trobe University

12.05 pm Concurrent: Evaluating how to maximise the  Jessica Crettenden, 
 returns in a mixed farming system with livestock SARDI

12.45 pm Lunch

 BALLROOM 1&2 
1.45 pm Making climate sensitive decisions –  Barry Mudge,  
 how to test your perception  Barry Mudge Consulting
 COLLEY 1
1.45 pm Concurrent: Evaluating how to maximise the  Jessica Crettenden, 
 returns in a mixed farming system with livestock SARDI

 BALLROOM 1&2
2.30 pm Economic role of export hay within farming systems  Mike Krause, P2P Agri
 COLLEY 1 
2.30 pm Concurrent: While farm enterprise economics –  David Cann, 
 Case study long fallow in the Mallee La Trobe University

3.15 pm Managing & dealing with stress Susan Brumby, NCFFH
4.00 pm Close and evaluation ORM



The GRDC’s Farming the Business manual is for farmers and 
advisers to improve their farm business management skills.
It is segmented into three modules to address 
the following critical questions: 

Module 1:  What do I need to know about business to 
manage my farm business successfully?

Module 2:  Where is my business now and where 
do I want it to be?

Module 3: How do I take my business to the next level?

The Farming the Business manual is available as:

  Hard copy – Freephone 1800 11 00 44 and quote Order Code: GRDC873  
There is a postage and handling charge of $10.00. Limited copies available.

  PDF – Downloadable from the GRDC website – www.grdc.com.au/FarmingTheBusiness 
or

  eBook – Go to www.grdc.com.au/FarmingTheBusinesseBook for the Apple iTunes 
bookstore, and download the three modules and sync the eBooks to your iPad.

Mike Krause

Farm
ing

 the B
usiness

Module 1

Mike Krause

Module 2

Mike Krause

Module 3

Mike Krause

Level 4, 4 National Circuit, Barton ACT 2600 | PO Box 5367, Kingston ACT 2604 | T +61 2 6166 4500 | F +61 2 6166 4599 | E grdc@grdc.com.au | W www.grdc.com.au

http://www.grdc.com.au/FarmingTheBusiness
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Introduction
Emerging technologies have a long arc from the 

genesis of the original idea, to custom built models, 
through to industrialised models and finally to 
utilities or commodities. Think of the development 
of computers from the early mechanical concepts 
of Charles Babbage and Ada Lovelace in the 19th 
century, through to the custom-built models of the 
fifties, sixties and seventies, on to the industrialised 
models of Hewlett Packard and Dell, and now to  
a world where you can hire computing services  
by the second from Amazon or Google. The same 
cycle applies to electricity, or cars, or a myriad  
of technologies. 

The arc is a way to think about change although 
the time frames for each stage differ. In the present 
day there is an acceleration of the time frames, 
but even things we think about as being relatively 
recent developments have a long history. Take 
artificial intelligence (AI), research on AI started in 
the forties or fifties depending on who you listen to 

and how you define the term. Real developments 
of any significance had to wait until the further 
developments of computers. There was much 
excitement in the eighties over the possibilities for 
AI. However, the technology failed to live up to its 
promise and an ‘AI winter’ descended for about 20 
years before the field accelerated again. Now we 
are seeing many AI products and the big technology 
companies supply machine learning as a service 
on top of their computing services. Both computers 
and AI are an example of the ‘adjacent possible’. 
What this means is that while the concepts of a 
technology may be strong sometimes a technology 
has to wait until the underlying components are 
developed enough to make it a practical reality. The 
design that Charles Babbage created in the 19th 
century is still the basic architecture for computers 
today, but he had to build it from mechanical parts. 
We had to wait for the development of silicon, and 
integrated circuits before the actual applications 
could take off. 

How to think about emerging technologies

Keywords
 artificial intelligence, drones, big data, blockchain, innovation, technology.  

Take home messages
	Drones utilise the technologies of smart phones and tablets, this mean rapid advances are 

already imminent and will develop quickly over the next five years.

	Artificial intelligence (AI) systems are at the beginning of their evolution, the important aspects 
are ability to deliver real value and data ownership.

	Blockchain technologies have an application in agriculture (beyond the hype of cryptocurrency), 
this could lead to increased transparency on the movement of commodities through the 
value chain. The potential for manufacturers to impose production specifications becomes an 
increasing probability with the take up of this technology. 

	Advisers will continue to play a critical role on-farm; industry knowledge with local understanding 
as well as networks of expertise to draw from on the latest technology and data services will be 
important in the future.

Paul Higgins. 

Emergent Futures.
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For those that want to think more about this I 
would recommend Steven Johnson’s excellent 
book; Where Good Ideas Come From: The 
Natural History of Innovation (https://www.amazon.
com.au/Where-Good-Ideas-Come-Innovation-
ebook/dp/B0046ZRZ30/ref=sr_1_1?s=digital-
text&ie=UTF8&qid=1518657389&sr=1-1&keywords=W
here+Good+Ideas+Come+From).

A story of early innovation in agriculture was 
when farmers in the USA used barbed wire fences 
as telephone lines. Grabbing adjacent technologies 
and making something new out of them.

So, when we think about emerging technologies 
in agriculture, we should think about:

• The arc – where is this technology along the 
arc from idea to utility/commodity?

• At what stage of development are the 
underlying and adjacent technologies that  
are needed to make the technology a  
practical reality?

And just as importantly in the case or agriculture, 
how ‘hardened’ is the technology? It is fine for 
the technology to work in a laboratory or in a 
comfortable city environment but is it too fragile 
to stand up to practical applications on-farm or 
along the supply chain. Barbed wire as telephone 
wires worked because it was an already installed 
technology that was resilient in the real world.

So with these concepts in mind, let’s look at a  
few emerging technologies and where they might 
be heading.

Drones
Drones have been around in agriculture for a 

while now with some early adopters having drones 
on their farms for years. Where they sit on the arc 
of technology development is somewhere between 
custom built and industrialised models. This applies 
to the drones themselves, the software components, 
and the applications for farming operations. Where 
they are likely to head is a utility of a commodity 
model that is akin to Uber today. If we look at 
what is happening in the mining and construction 
industries we can see some clues about what might 
happen. Drones are being used in more and more 
sophisticated applications to map environments. 
The drones are being used to get three dimensional 
pictures of mining sites and construction sites which 
can then be compared to previous data, and 3-D 
plans. Computer systems can then use this data to 
track development, mining volumes, consumption of 
materials, etc. A good example of this is Site Scan 
from 3DR (Figure 1). This system is being continually 
improved to make it into an industrialised model that 
is intuitive to use via simple interfaces.

 Where we are heading in the medium term 
is best represented by Airobotics (https://www.
airoboticsdrones.com/) who provide an automated 
drone service for the mining industry (Figure 2). 
This is an automated drone airport that can be 
towed to a site. The drone inside is automatically 
fitted with programmed hardware that will carry out 
the required tasks. The drone then flies on a pre-
planned flight, goes back to the automated airport, 
docks with the airport and downloads the data it 

Figure 1. 3DR Site Scan Capabilities (Source: https://3dr.com/features/).

https://www.amazon.com.au/Where-Good-Ideas-Come-Innovation-ebook/dp/B0046ZRZ30/ref=sr_1_1?s=digital-text&ie=UTF8&qid=1518657389&sr=1-1&keywords=Where+Good+Ideas+Come+From
https://www.amazon.com.au/Where-Good-Ideas-Come-Innovation-ebook/dp/B0046ZRZ30/ref=sr_1_1?s=digital-text&ie=UTF8&qid=1518657389&sr=1-1&keywords=Where+Good+Ideas+Come+From
https://www.amazon.com.au/Where-Good-Ideas-Come-Innovation-ebook/dp/B0046ZRZ30/ref=sr_1_1?s=digital-text&ie=UTF8&qid=1518657389&sr=1-1&keywords=Where+Good+Ideas+Come+From
https://www.amazon.com.au/Where-Good-Ideas-Come-Innovation-ebook/dp/B0046ZRZ30/ref=sr_1_1?s=digital-text&ie=UTF8&qid=1518657389&sr=1-1&keywords=Where+Good+Ideas+Come+From
https://www.amazon.com.au/Where-Good-Ideas-Come-Innovation-ebook/dp/B0046ZRZ30/ref=sr_1_1?s=digital-text&ie=UTF8&qid=1518657389&sr=1-1&keywords=Where+Good+Ideas+Come+From
https://www.airoboticsdrones.com/
https://www.airoboticsdrones.com/
https://3dr.com/features/
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has collected. Within a few years I believe that a 
system like this will be deployed across agriculture. 
Farmers will be able to order a specific service and 
ask for the drone to access a particular paddock 
from a touch interface. The drone will automatically 
carry out the required work before going back to 
the automated airport. The drone can then either 
be refitted for other work on the same property, or 
moved on to another farm.

 Figure 2. Airobotics Automated Drone Airport 
(Source: https://www.airoboticsdrones.com/).

In the longer term the vehicle towing the airport 
will be a driverless vehicle so that no humans are 
required to deliver the service. The farmer will be 
able to control access to the data. They will issue 
permissions to share the data with agronomists (or 
even competing agronomists who bid for the work), 
researchers, suppliers of fertilisers and chemicals 
(see applications under Big Data and Artificial 
Intelligence in later section within this paper).

This means development of a utility service that 
is easy to use and has the capacity to reduce the 
capital needed for multiple hardware requirements. 
The business model also centralises the need for 
technical support and provides redundancy in the 
system. If you only have one drone and it breaks 
down, you have a problem. If you are part of a 
cooperative with 30 drones than this is much less of 
an issue.

Summary

As drone technologies are built on top of 
components from the global supply chain for 
smartphones and tablets many of the underlying 
technologies are already at the industrialised/
commodity stage. This makes the platform stable 
and well developed and means that we should see 
rapid advances in services over the next five years. 
Farmers should be on the lookout for applications 

that are easy to use and avoid being drawn into 
services and arrangements that lock them into a 
multi-year contract, or do not allow them ownership 
over their own data. 

Big data and artificial intelligence
If we take the wider application of drones and 

the implementation of broadacre sensor systems, 
for example, what The Yield (https://www.theyield.
com) is marketing, then the next five to ten years 
will see masses of more data being produced in 
broadacre agriculture. Big data is both the basis 
for AI and the reason we need AI to get value. 
Models are emerging for practical applications of 
AI. Some of these are simple; for example, AI is 
being used to power a phone application to help 
farmers spot disease in Cassava plants in Africa 
(https://www.wired.com/story/plant-ai/). One of the 
interesting facets of this application is that due to 
improvements in phone capabilities and machine 
learning applications, all of the processing for the 
application is done on the phone. No need for cloud 
storage or internet access for it to work in the field. 
In the development of many emerging technologies, 
applications often emerge from simple systems 
and the offerings become more and more complex 
and valuable as the underlying technologies 
improve. Along with those changes we get 
better at understanding what works and why, and 
customers come to be comfortable with what they 
are using, making the next step of adoption easier. 
Applications such as this Cassava plant disease 
recognition system are likely to develop further into 
applications that cropping farmers can use to make 
decisions on-farm in more complex environments 
and also to capture data that can be analysed  
by advisers.

At a more complex level the startup company 
Ceres Imaging has shown promise in using AI for 
applications that can identify problems with nutrition 
and disease in crops before they are obvious to 
human eyes (http://money.cnn.com/2017/12/14/
technology/corn-soybean-ai-farming/index.html). 
This means that problems can be addressed before 
they either become more expensive or impossible 
to respond to. The system uses planes rather than 
drones but the concept is just as applicable to 
drone technology. The system is able to recognise 
changes for two reasons. First of all it records 
data on wavelengths that humans cannot see, and 
secondly it is able to recognise patterns that humans 
do not necessarily recognise. This is analogous to 
the Google AI that beat the world champion at Go 
(https://techcrunch.com/2017/05/24/alphago-beats-
planets-best-human-go-player-ke-jie/). The AI made 

https://www.airoboticsdrones.com/
https://www.theyield.com
https://www.theyield.com
https://www.wired.com/story/plant-ai/
http://money.cnn.com/2017/12/14/technology/corn-soybean-ai-farming/index.html
http://money.cnn.com/2017/12/14/technology/corn-soybean-ai-farming/index.html
https://techcrunch.com/2017/05/24/alphago-beats-planets-best-human-go-player-ke-jie/
https://techcrunch.com/2017/05/24/alphago-beats-planets-best-human-go-player-ke-jie/
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moves that the humans did not understand. The 
great thing about that example is that it improved 
the play of the world champion in subsequent 
months. He was able to recognise new patterns and 
new ways of playing. The same is likely for AI that 
identifies patterns in agriculture. They will make us 
better farmers.

These systems are by no means perfect at this 
stage of their development. They will improve as 
time goes by as they are able to look at the data 
they have collected and examine and compare it to 
real world results. In a biological system this will take 
years to build up enough data. The systems will also 
improve as data from in-ground sensing systems can 
be tied to the aerial data. Networks of farmers using 
the same system will gain more value.

Summary

Artificial intelligence systems are still at the 
custom built/early industrialised part of technology 
development. However, they are built on top of a 
long history of research and huge investments are 
being made in lots of industries which should flow 
over into developments in agriculture. The value of 
applications will grow in time as we get more data 
over long periods of time. Farmers should look for 
applications and farmer networks that have value 
now or are at least break-even now, will grow in 
value as more data is available to them. Farmers 
need to ensure that they retain ownership of the 
data and the capacity to export it in a format that can 
be used by other applications.

Blockchain enabled systems
While all the attention in recent months has been 

on the Bitcoin bubble and investment frenzy (which 
should be avoided at all costs), the underlying 
technology of Bitcoin and other cryptocurrency is 
still a completely valid technology development. 
There are several emerging applications which 
show some promise.

Outside of agriculture, the Australian company 
Power Ledger has developed some interesting 
trading applications for renewable energy. These 
started by using the blockchain as a system to 
allow trading of renewable energy between small 
networks in housing developments and retirement 
villages. They are also trialling an application 
with cane growers in Queensland. They are now 
conducting trials with Origin Energy to use the 
system over the existing grid in Western Australia, 
which also includes water applications. What this 
means is that anyone could trade with anyone over 
the network using the blockchain technology to 
automate and verify the process and transfer funds, 
as demonstrated in Figure 3. 

If you have an electric car and are five hundred 
kilometres from home, you can use your own energy 
to charge your car through a technology enhanced 
charging system. 

The price of solar energy in particular has 
dropped dramatically over the last decade with 
large scale installations now cheaper than coal fired 
power stations. At low scale, the costs are still fairly 
high. The key to reducing these costs is to increase 

Figure 3. Power Ledger Fremantle project.
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the size of installations. The sort of trading systems 
enabled by the Power Ledger initiative allow that to 
happen with a share ownership system, rights to a 
minimum percentage of the power generated, and 
an automate trading of any surplus. Opportunities 
will arise for agricultural operations to utilise land for 
larger scale systems that use this process.

Beyond that application there are two  
possible applications:

1. Models are already emerging for using the 
blockchain technology for the verification of 
high value products such as wine (https://
cointelegraph.com/news/italian-wines-will-
be-recorded-on-blockchain-authenticity-
guaranteed) and fish (http://www.abc.net.au/
news/2018-01-22/how-blockchain-is-being-
used-to-combat-illegal-fishing/9344376). 
These are also being trialled as a food 
safety system for retailers (https://www.
forbes.com/sites/rogeraitken/2017/12/14/
ibm-walmart-launching-blockchain-food-
safety-alliance-in-china-with-fortune-500s-jd-
com/#2f76da77d9c5). Care needs to be taken 
about hyped up schemes as opposed to real 
applications, but it is likely that the applications 
will develop with the move to lower value of 
agricultural products.

2. Scope for the applications that have been 
developed for energy trading to be applied 
to grain trading. For example, if you are a 
producer of feed grain that you store on-
farm you could trade a blockchain verified 
product with an end user such as a feedlot 
or a piggery. The specifications and price 
can be built into a smart contract which is 
traded in the marketplace, this is triggered 
on acceptance at the feed mill, based on 
the delivery meeting the volume and quality 
specifications. Money is transferred via the 
trading application and the ownership is only 
transferred once payment is received. 

On a wider scale, if the trials that Power Ledger is 
carrying out with the energy grid are proven to be 
workable and economic, there is scope for the same 
sort of system to be applied across the whole grain 
network; placing more control and flexibility in the 
hands of the grower.

Summary

Blockchain technologies and applications are still 
in the idea/custom built stage of the technology arc. 
They are also attracting a large number of startups 
and some unscrupulous individuals. This means 
that there will be high levels of failure in the space 

over the next few years but what emerges has high 
potential for agriculture. Farmers should take a 
cautious approach unless they are high risk takers/
early adopters, and only engage with reputable 
organisations and even so, be prepared for failure. 
Farmers will probably have to accept that the food 
chain will start to apply requirements on them for 
these sorts of technologies over the next five years.

The changing nature of the adviser
In my time in agriculture the nature of the adviser 

for cropping operations has changed. From a labour-
intensive model of visiting farms at set intervals, 
the business model has evolved into one that uses 
technology to record crops on a more regular basis 
and targets physical visits to a need rather than the 
stage of crop development. Precision agriculture 
applications have further increased the level of 
data that is available. With the advent of drones and 
broadacre sensing systems, and the possibilities 
of blockchain based applications increasing the 
transparency of information throughout the supply 
change, we are on the verge of a seismic shift. 
The new paradigm will be defined by masses of 
data, increased transparency, increasing value of 
networks, and increasing use of AI. This means that 
the role of the adviser for cropping operations will 
alter. Some of the characteristics of that change  
will be:

• Developments of AI agents as, at least, partial 
advisers to farmers.

• Increased competition in the advisory services 
area as the pictures formed by data and our 
ability to share it anywhere in the world allow 
farmers to go further afield to look for services.

• Advisers with AI systems to assist them in their 
work.

• Increased activities in trading systems that 
require more specialised advice.

• Increased value of the adviser that can facilitate 
networks of farmers to get more from their data 
rather than being a font of knowledge.

Having said all of that, nothing replaces common 
sense, a strong personal knowledge of farming and 
business models that have a presence on  
the ground.

Summary

Farmers should be wary of technology and data 
led services that do not have a strong grounding in 
agriculture, and a local presence. Farmers should 
look to advisers to keep them informed on 

https://cointelegraph.com/news/italian-wines-will-be-recorded-on-blockchain-authenticity-guaranteed
https://cointelegraph.com/news/italian-wines-will-be-recorded-on-blockchain-authenticity-guaranteed
https://cointelegraph.com/news/italian-wines-will-be-recorded-on-blockchain-authenticity-guaranteed
https://cointelegraph.com/news/italian-wines-will-be-recorded-on-blockchain-authenticity-guaranteed
http://www.abc.net.au/news/2018-01-22/how-blockchain-is-being-used-to-combat-illegal-fishing/9344376
http://www.abc.net.au/news/2018-01-22/how-blockchain-is-being-used-to-combat-illegal-fishing/9344376
http://www.abc.net.au/news/2018-01-22/how-blockchain-is-being-used-to-combat-illegal-fishing/9344376
https://www.forbes.com/sites/rogeraitken/2017/12/14/ibm-walmart-launching-blockchain-food-safety-alliance-in-china-with-fortune-500s-jd-com/#2f76da77d9c5
https://www.forbes.com/sites/rogeraitken/2017/12/14/ibm-walmart-launching-blockchain-food-safety-alliance-in-china-with-fortune-500s-jd-com/#2f76da77d9c5
https://www.forbes.com/sites/rogeraitken/2017/12/14/ibm-walmart-launching-blockchain-food-safety-alliance-in-china-with-fortune-500s-jd-com/#2f76da77d9c5
https://www.forbes.com/sites/rogeraitken/2017/12/14/ibm-walmart-launching-blockchain-food-safety-alliance-in-china-with-fortune-500s-jd-com/#2f76da77d9c5
https://www.forbes.com/sites/rogeraitken/2017/12/14/ibm-walmart-launching-blockchain-food-safety-alliance-in-china-with-fortune-500s-jd-com/#2f76da77d9c5
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new systems and technology. The ideal adviser 
is an independent one with a local presence and 
understanding, who has the ability to access a wider 
network of support, technology, and data services.

Contact details

Paul Higgins
Emergent Futures
0408 557 583
paul@emergentfutures.com
@futuristpaul

 Return to contents
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www.grdc.com.au    www.storedgrain.com.au    02 6166 4500

Call the 
National 
Grain 
Storage 
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storage recording 
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Background
My father Ashley purchased our disc seeder 

in 2002, looking for better seed placement in a 
stubble retention system. There were plenty of trials 
and tribulations throughout the first few years as we 
learnt about a new piece of machinery and also a 
new farming system called zero-till. 

After reading about disc seeders and stripper 
headers working well together in the United States 
of America, we borrowed a stripper header to 
use during harvest in 2009. We sowed into those 
stubbles (i.e. post stripper header stubble) for the 
first time in 2010, and after seeding we purchased  
a new stripper header ready for the 2010 harvest.  
In 2015 we moved to full controlled traffic farming 
(CTF) and purchased a new stripper header to match 
our CTF.  

Discussion
We find that the stripper header and disc seeder 

combination work well together. Disc seeders can 
sometimes struggle with large amounts of finely 
cut up straw and chaff in the seed row, commonly 

known as ‘hair pinning’. However, the use of the 
stripper header takes the grains out the head of the 
plant, leaving all plant residues standing tall. The 
disc seeder passes through the long straw ‘like a 
comb through your hair’. We find that the disc does 
very little cutting of plant residues, as the disc parts 
the stubble when moving through the paddock.

We have used our stripper header on wheat, 
barley, canola, lentils and linseed. Other crops that 
a stripper header can be used on in Australian 
conditions are oats and field peas. 

The machinery set-up for wheat, barley and oat 
harvesting is quite simple, whereas canola and 
lentils need further care. Watch for losses in fragile 
crops and change stripper rotor speed and/or 
stripper header height to maximise performance. 

Narrow seeding row spacing is beneficial in 
reducing losses from the stripper header.

Maintenance on a stripper header is quite low. 
There is a single gearbox and belt drive to spin 
the stripping rotor and grain-gathering auger. Look 
for wear and tear on the stripping fingers of the 
stripping rotor.    

Stripper fronts and disc seeding

Keywords
 stripper front, stripper header, disc seeder, stubble retention, soil health, zero-till. 

Take home messages
 100% ground cover 100% of the time, even after seeding.

 Leave stubble long and attached to the soil in a disc seeding system.

 Sharp discs, with adequate down pressure is key to cutting stubble residue.

 Full stubble retention and zero-till equates to less weed pressure.

 Full stubble retention lowers evaporation rates, saving moisture for when the crop needs it.

 Old straw is more important than new straw, but you need new straw every year to make  
old straw. 

Tom Robinson.

Robinson Farms, Hoyleton S.A.
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Figure 1. Shelbourne Reynolds stripper header.

Figure 2. Stripping fingers set up to move in an upwards motion which is the less aggressive position for 
Australian conditions.
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Use of the stripper header has allowed us to 
double the productivity of our harvester. The 
harvester is now only separating the grain from the 
chaff rather than thrashing the grain from the straw. 
We also see a fuel saving of approximately 50% and 
decreased wear and tear on the harvester which 
saves on maintenance costs. 

Other benefits of the stripper header and  
disc seeder combination are better water use 
efficiency, less loss of water from evaporation and 
soil health benefits. 

Soil moisture probe data indicates that the 
presence of stripper header straw can accelerate 
water infiltration through soil to depth, saving that 
moisture for the crop’s reproductive growth stages. 

Saving extra moisture has also allowed us to 
implement summer cropping, cover cropping and 
companion cropping on our farm. 

Stripper header straw also keeps soil 
temperatures warmer in the winter, which acts like a 
blanket for the soil.

Long straw takes longer to break-down over time, 
allowing for more ground cover, slower nutrient 
release and reduced nutrient tie up.

100% ground cover and zero-till has allowed 
our farm to reduce our reliance on herbicides, 
even though we do not participate in other weed 
management e.g. burning, chaff lining, etc. 

Soil organic matter is slowly increasing every 
year. Increased nutrient availability is allowing us to 
decrease our fertiliser inputs. Our soil smells like 
potting mix and we have earthworms doing our 
‘tillage’ for us. 

Conclusion
I have seen the stripper header and disc system 

work around the world via social media, study tours 
and farm visits. I have personally seen them work in 
the USA, Canada, South Africa and Australia. This 
system is not new and has been implemented in the 
USA for nearly 30 years. 

In our situation, 100% ground cover 100% of the 
time with zero till is improving our soils, reducing our 
input costs, reducing our weed pressure, improving 
our yields and growing diverse crops that we never 
thought possible. 

Contact details

Tom Robinson
Robinson Farms, Hoyleton S.A.
0400 291 219
@AnashkaFarms

 Return to contents
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Notes
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Background
Grain producers have become more proficient 

atThere are opportunities to increase production 
on Mallee sands by developing cost effective 
techniques to diagnose and overcome the primary 
constraints to poor crop water-use. Commonly 
recognised constraints that limit root growth and 
water extraction on sands include compaction 
(high penetration resistance), poor nutrient supply 
and low levels of biological cycling and poor crop 
establishment. The Sandy Soils Project is aimed at 
increasing productivity on poor performing sands. 

There are a range of activities included under this 
umbrella of funding:

• Analysis of chemical (nutritional, herbicide), 
biological (nutritional, disease) and physical 
constraints on transects of sand across the 
Southern cropping region,

• Monitoring of the residual (up to five years) 
effects of a range of ripping and spading 
treatments with and without fertilisers, organic 
matter and clay,

• Implementation of a range of new experiments 
at seven sites across the Southern region 
testing a range of approaches to overcoming 
constraints and increasing water use and  
crop productivity,

Improving crop productivity on sandy soils

Keywords
 sands, constraints, ripping, spading, on-row sowing. 

Take home messages
	Assessing the yield gap and the level of yield increase that the rainfall of a modified soil site can 

support, along with season specific effects, is an important step in assessing the risk of sand 
amelioration options.

	For higher cost interventions, knowing the likely longevity of effect is essential. Deep soil 
disturbance has shown effects for up to four years but it appears that the organic matter 
treatments tested to date have had most of their effect within two years of application. 

	Characterisation of sites across the sandy soils of the Southern cropping region indicated that 
compaction and a range of nutritional deficiencies are common issues.

	Yield responses in 2017 at Ouyen were largely driven by ripping and response to nitrogen (N) 
input, while at Lameroo, moderate interventions using a fertility band concept had limited impact 
on a high N background.

	Economic analysis of long-term trials has assessed the return on investment for a range of 
treatments and highlighted the seasonal response effects on profit-risk.

Therese McBeath¹, Lynne Macdonald¹, Sam Trengove², Michael Moodie³, Jack Desbiolles⁴,  
Melissa Fraser⁵ and Rick Llewellyn¹.

¹CSIRO; ²Trengove Consulting; ³Mallee Sustainable Farming; ⁴University of South Australia; ⁵PIRSA.

GRDC project code: CSP00203
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• Machinery optimisation and soil (DEM) 
modelling to support the implementation of 
new trials, to understand how machinery set-up 
influences profile modification and to develop 
guidelines for implementation,

• Economic and risk modelling to assess the 
cost-benefit outcomes of a range of project 
treatments, and to be used to develop a 
framework to support decision making based 
on prioritising the underlying soil constraints. 
• A program of validation and demonstration 
trials to extend the reach of experiments  
and provide local information regarding best 
bet treatments. 

Common approaches to overcome physical 
constraints include techniques to fracture 
compacted layers (e.g. ripping) and techniques 
that both fracture the soil and mix and/or invert it 
(e.g. spading, plozza plough, mouldboard plough). 
Ripping is less costly to implement, and the 
impacted soil area is far more discrete. Soil profile 
mixing and/or inversion is costlier to implement 
and creates higher erosion risks. Erosion risks can 
be mitigated with recent developments such as 
the ‘spade and sow’ single pass operation. Mixing 
can address multiple soil constraints as it improves 
the physical environment for root growth, reduces 
issues of water repellence and enhances nutrient 
fertility through incorporation of amendments. Soil 
modelling has been used to understand the impact 
of key operational parameters for spading on the 
extent of topsoil mixing and to compare the mixing 
through spading with other ploughing techniques. 
The modelling approach has also been used to 
support machinery optimisation and implementation 
of core research trials. An alternative to mixing 
approaches is the construction of permanent fertility 
strips, facilitating nutrition access to the crop by 
increasing inputs (including granulated amendments) 
to concentrated parts of the paddock. Permanent 
fertility strips have been tested elsewhere but not 
explored in the Mallee environment. 

In this paper we will present the most recent data 
from the Sandy Soils Project including analysis of 
the key constraints to production, results of new 
experiments implemented in 2017, residual benefits 
from treatments implemented up to four years ago 
and economic analysis of interventions to increase 
production on sandy soils.

Method
Analysis of constraints

Soils have been sampled from sandy soils in nine 
paddocks across the Southern region and analysed 
for chemical, biological and physical constraints to 
one metre depth. 

Monitoring of residual value of sandy  
soil interventions

Sites established in 2015 (Bute) and 2014 
(Cadgee, Brimpton Lake and Karoonda) have been 
monitored for ongoing yield effects in response to 
a range of interventions including spading and or 
ripping with and without organic matter, clay and 
fertiliser. This long-term monitoring has allowed 
for the assessment of the return on Investment 
(marginal return/total costs*100) for a range of 
amelioration strategies.

New sandy soils experiments

In 2017 new experimental sites were established 
at Ouyen, Lameroo and Yenda (data for Yenda 
not presented here). The Ouyen site (Moodie and 
Macdonald 2018) has deep sandy soils with high 
penetration resistance (>2.5 MPa) and poor sub-
surface fertility and two experiments; a ripping trial 
and a spading trial were established. The ripping 
trial included shallow (20cm) and deep (30cm) 
ripping treatments with/without placement of N 
or nutrient packages (containing phosphorus (P), 
potassium (K), sulphur (S), zinc (Zn), copper (Cu), 
manganese (Mn)) at the target depths. Surface 
banding (approximately 7.5cm) treatments were 
included as controls. The trial design allows the 
impact of physical disruption to be isolated from 
nutrient placement. The spading trial included 
spading (30cm) with/without the incorporation of a 
range of organic amendments (vetch hay, oaten hay, 
vetch-oaten mixture, chicken litter, compost), and/or 
fertiliser. The Lameroo site is a swale-dune paddock 
with issues of moderate water repellence, high 
penetration resistance and poor sub-surface fertility 
(for nutrients other than N). The first experiment, 
located on a non-wetting deep sand, focussed 
on evaluating the impact of a variety of inputs at 
seeding (clay, organic matter, biochar and placement 
depth) as options seeking to optimise the crop 
response to the fertility strip concept. The second 
experiment focussed on evaluating the impact 
of an edge row sowing configuration - optimised 
for developing fertility strips on deep sands - but 
imposed on the full range of soil types in the 
paddock (dune, mid-slope and swale) (Desbiolles et 
al. (2018) for further detail).
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Site GS Rain Fallow Rain  *Phys Yield Yield Potential in Attained Yield Phys Yield Gap 
 (mm)	 (mm)	 	Potential	(t/ha)	 Unmodified	Soil	(t/ha)	 	(t/ha)	 	(t/ha)

Waikerie 157 22 1.95 1.67 1.00 0.95
Carwarp 174 28 2.03 1.35 1.00 1.03
Ouyen 213 30 2.92 2.89 1.50 1.42
Karoonda 235 26 3.34 2.73 1.50 1.84
Murlong 251 21 3.54 3.28 1.50 2.04
Yenda 252 43 4.07 3.09 2.50 1.57
Lameroo 270 28 4.13 3.11 2.50 1.63
Bute 298 24 4.68 3.86 3.50 1.18
Brimpton Lake 377 21 6.33 3.12 3.00 3.33
Cadgee 410 34 7.34 3.33 1.30 6.04
*Physiological yield potential = (growing season rain + 0.25 fallow rain x 22)/1000 and yield potential in unmodified soil was estimated using APSIM set up with plant available water characterisations.

Table 1: Estimates	of	the	physiological	(Phys)	yield	potential,	unmodified	soil	yield	potential,	attained	yield	and	physiological	
yield gaps for an average growing season at each of the Sandy Soils Project experimental sites.

Results and discussion
Analysis of constraints

An important consideration before making radical 
changes to the soil profile is the yield that the local 
rainfall can support. An estimate of the physiological 
yield potential for wheat in an average season was 
made and using farmer data the attained yield was 
subtracted to give a physiological yield gap for each 
of our experimental sites (Table 1). 

The yield gap highlights the limits of any potential 
yield gains that we want to capture and places it in 
the context of the environment and local knowledge 
of yield gains that can be made from simple 
interventions like change in crop sequence and 

fertiliser management. Because the sites have been 
characterised for plant available water capacity 
APSIM was also able to be used to estimate the 
water and N driven yield potential of unmodified 
soil. Where the gap between the physiological yield 
potential and the unmodified soil yield potential is 
relatively small (e.g. Waikerie) it suggests that gains 
from soil modification may also be small (Table 1). 
While these estimates will be refined with further 
characterisation, they do moderate expectations 
with respect to anticipated yield gains and the level 
of investment that should be made in amelioration 
strategies, particularly in low rainfall regions.   

Penetration resistance is an assessment of the 
potential for physical constraints to limit root growth. 

Figure 1. Penetration resistance (Mpa) in response to depth at key Sandy Soils Project experimental sites. 
Black line represents the average, with the shaded grey indicating the range at the site.
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Measurements were commonly moderate (>1.5 MPa) 
within the top 20 cm and high (>2.5 MPa) within the 
top 30 cm (Figure 1). Nutrients commonly measured 
at marginal levels included N, P, Zn, Cu, and Mn 
(data not shown). 

 Monitoring of residual value of sandy  
soil interventions

An experiment established at Bute by Trengove 
Consulting in 2015 compared the effects of all 
combinations of increased inputs of annual fertiliser, 
ripping and 5 and 20t/ha chicken litter (note, 20t/
ha chicken litter not presented here; Trengove et 
al. 2018). Compared to a nil control yield of 4.4t/
ha/3yrs, there was a yield gain of 3t/ha with relatively 
high inputs of annual fertiliser (N, P, S, K Zn, Cu, Mn 
at a cost of $430/ha), 2t/ha extra grain yield with 
chicken litter at 5t/ha (cost $180/ha) and 2.4t/ha 
response to ripping (cost $60/ha). The cumulative 
yields for combinations of two factors were quite 
similar (8.2 to 8.9t/ha), while the combination of the 
three treatments yielded 9.6t/ha. There were strong 
seasonal responses to the treatments with barley in 
2016 highly responsive to nutrition and lentils in 2017 
relatively more responsive to ripping than the other 
treatments. The lowest cost intervention was ripping 
and this generated the most substantive return on 
investment at 1342% while chicken litter with ripping 
generated 521%. 

Long-term spading trials developed in the New 
Horizons Program have demonstrated cumulative 
yield gains at Karoonda and Brimpton Lake of an 
additional 2t/ha grain over four years, with a smaller 
gain (1.3 to 1.6t/ha) from incorporation of high rates 
of lucerne based organic matter. Gains from the 
incorporation of organic matter appear to be short-
lived (approximately two years) at these sites. Yield 
gains at Cadgee (plus 1.6t/ha) were driven by the 
incorporation of organic matter, and not the physical 

impact of spading, with gains appearing to increase 
over time (Fraser et al. 2016). Site specific responses 
at these long-term sites highlight the need to identify 
the underlying constraints, and to understand the 
components of the response in economic terms 
before investing in modifications.  

New Sandy Soils Project experiments

In the relatively low rainfall season of 2017 at 
Ouyen, deep ripping reduced penetration resistance 
to approximately 40cm and resulted in a wheat yield 
gain of 0.9t/ha while shallow ripping (20cm) had 
little impact on penetration resistance or yield. Deep 
placement of nutrients had no effect on production 
above the physical impact of ripping. Spading also 
reduced penetration resistance to the target depth 
(30cm) but resulted in a relatively small yield gain 
(<0.4t/ha) above the control (1.4t/ha). The smaller 
relative gain from spading compared to ripping 
may be due to lower plant establishment caused by 
poorer seeding depth control in the spader-seeder 
approach used. All spaded treatments outperformed 
the non-spaded control, with the exception of the 
spaded oaten hay which likely immobilised N (Figure 
3). Incorporation of N rich organic matter (vetch hay, 
chicken litter, compost) significantly increased yield 
(0.6 and 1t/ha), grain protein, and harvest index. 
Ongoing monitoring will evaluate the continuing 
effects on penetration resistance, nutritional legacy 
effects, rates of organic matter decomposition, and 
crop water-use.  

In 2017, the Lameroo site had good conditions for 
mineral N supply (>100 kg N/ha/m depth at sowing) 
from a preceding legume pasture phase and above 
average growing season rainfall. As a result, most 
of the relatively low cost/ low input interventions of 
the fertility strip concept did not have a significant 
impact in the first year of inputs. Their effects, if 

Figure 2. Cumulative (2015-2017) yield response and return on investment (%) to fertiliser, chicken litter and 
ripping at the Bute site implemented and managed by Trengove Consulting.
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important, are expected to increase with time. While 
the amendments in fertility strip treatments banded 
at 10cm furrow depth did not yield more than the 
zero-amendment baseline, 100kg/ha clay + 100kg/ha 
organic matter applied at a 20cm furrow depth was 
the only fertility strip treatment to show an early 
effect (4.0t/ha versus 3.5t/ha wheat, Desbiolles  
et al. 2017).

Figure 3. Wheat grain yield response to spading 
and spading with organic matter inputs at  
Ouyen in 2017 (site established and managed  
by Moodie Agronomy).

Conclusions
Substantial opportunities to increase yield on poor 

sandy soils have been demonstrated in recent trials. 
However, understanding the rainfall-limited yield 
potential and season specific effects is important 
for assessing the likely scope of yield gains and the 
associated investment risk. Of critical importance 
to the higher cost interventions is the longevity 
of effect. While effects of deep soil disturbance 
have proven measurable after four years, organic 
matter inputs appear to often lose effect after two 
years. Determining the most economic treatment 
options for growers by diagnosing key constraints, 
optimising treatments (both machinery and inputs) 
and understanding longevity in the system is a large 
and ongoing effort in the Sandy Soils Project.
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Background
Managing soil nitrogen (N) and water is a vital 

part of maximising wheat yields in the Mallee. Long 
fallowing — the practice of leaving a field out of 
production for an entire growing season — was 
traditionally used to accumulate soil water and N for 
future crop use, but declined in popularity during the 
1980s as profitable break crops (including pulses 
and canola) were made available in the region. 
However, despite the additional income provided by 
break crops, whole-farm profits across the Mallee 
have stagnated in recent decades, due to rising 
input costs and declining growing season rainfall 
across southern Australia (van Rees et al. 2014).

Previous economic studies have suggested 
that the yield benefit provided by long fallow to 
following crops does not outweigh the missed 
income opportunity that break crops offer. However, 
these conclusions have been based on simplistic 
gross margin analyses, and ignore the whole-farm 
benefits provided by long fallows, such as increased 
timeliness of operations and reduced income 
variability. As wheat production in the Mallee now 
requires increasing investment to return the same 
profit as previous years, long fallowing may  

provide growers with an opportunity to decrease 
exposure to risk and income variability, without 
sacrificing profit.

This study aimed to use whole-farm economics 
to reassess the profitability of long fallow-based 
rotations in the Mallee compared to continuous 
wheat and wheat-break crop rotations. The project 
also attempted to calculate a threshold level of 
soil water or mineral N which, if not met at sowing, 
indicates a favourable opportunity to fallow.

Method
The Agricultural Production Systems sIMulator 

(APSIM) was used to simulate crop production at 
Jil Jil, near Birchip, over a 20-year period (1997 to 
2016). A fallow-wheat (FW) rotation was compared to 
continuous wheat production (WW) and a chickpea-
wheat (CW) rotation over a hypothetical farm area of 
4000ha. Each rotation was managed as a farming 
system and therefore received a unique N fertiliser 
rate to achieve the most economical yield. Urea was 
applied at sowing (to the WW and CW rotation) and 
at stem elongation (to all rotations) to maximise the 
number of years in which wheat grain protein fell 
between 10.5% and 12.5%. A whole-

Keywords
 long fallow, whole-farm economics, crop simulation, break crops. 

Take home messages
	Many of the farming system benefits of long fallow can only be quantified at the whole-farm level.

	A long fallow-wheat rotation was more profitable than continuous wheat production and a 
chickpea-wheat rotation when the price of chickpeas was below $800/t.

	If using fallow tactically, a good rule of thumb for the southern Mallee is to only sow wheat if 
mineral nitrogen (N) (kg/ha) + plant-available water (mm) at sowing is more than 100 units, and 
chickpeas if plant available water (PAW) is more than 50mm.

David Cann and James Hunt.

La Trobe University, Melbourne.

GRDC project code:  UHS11009

Long fallows maintain whole-farm profit and 
reduce risk in the Mallee



28
 2018 ADELAIDE GRDC FARM BUSINESS UPDATE

Rotation PAW at sowing Mineral N at sowing Urea applied Wheat yield Chickpea yield   
 (mm)  (kg/ha)  (kg/ha/year)  (t/ha cropped)  (t/ha cropped)

WW 56 60 102 1.8 
CW 36 53 87 1.7 0.9
FW 190 155 63 3.3

Table 1. Mean plant-available water (PAW), N and yield results for all rotations averaged for the period 1997to 2016.

farm environment was simulated through adjusting 
the sowing window of each rotation to reflect the 
proportion of 4000ha that was cropped (i.e. the FW 
rotation was sown in half the time of the WW and 
CW rotations). APSIM was used to measure annual 
yield, wheat grain protein and N fertiliser application.

Whole-farm income was calculated using five-
year average (2012 to 2016) crop prices for Birchip 
(Australian Premium White (APW) = $260/t; chickpea 
= $620/t). Wheat grain proteins were used to 
determine the grain grade and therefore value of 
the wheat. Variable costs were calculated based on 
the 2016 PIRSA Farm Gross Margin Guide, with costs 
modified for each rotation. It was less expensive to 
grow wheat after long fallow or chickpeas, as the 
selective herbicide pyroxasulfone (Sakura®) was only 
applied to wheat grown after wheat ($40/ha). Weed 
control during the summer fallow was estimated at 
$20/ha, with a long fallow costing an additional $60/
ha to maintain weed-free with herbicides. The same 
whole-farm costs (including machinery operating 
costs, labour and drawings) were applied to all 
rotations. An additional 6% was added to variable 
costs to account for interest and borrowing costs. 
Annual cash flow was calculated as gross income 
minus all variable, whole-farm and finance costs.

Annual cash flow of all three rotations was 
examined to determine if there was a common 
condition between unprofitable years in the WW 
and CW rotations. The aim was to devise a rule by 
which growers could know at sowing the likelihood 
of a crop failing to return a profit, and could elect to 
fallow. Once traits were identified for each rotation, 
’opportunity sowing’ rotations were created, in which 
crops were replaced with fallows if conditions were 
not met. 

Results and discussion
Yield results

Wheat grown after long fallow yielded 1.5t/
ha more than wheat grown after wheat (Table 1). 
Wheat in the long fallow rotation had access to 
significantly more PAW and mineral N at sowing 
compared to the other rotations. Wheat grown in 

continuous sequence required the most urea to 
achieve economical yield, whilst wheat grown after 
chickpeas had access to the least PAW.

While previous studies have shown an increase 
in the yield of wheat grown following a pulse crop 
such as chickpeas, this is largely due to legume 
N-fixation. As all rotations were supplied with 
sufficient N fertiliser to achieve economical yield, 
wheat grown following chickpeas did not yield 
higher than wheat after wheat, but did require less N 
fertiliser. While chickpeas do fix atmospheric N, the 
low level of mineral N at wheat sowing suggests that 
sufficient soil water is essential in mineralising N into 
plant-available forms.

The yield benefit provided by fallow is larger here 
than estimated in several other studies, due to the 
whole-farm nature of the research. Reducing the 
sowing window from 28 days (as seen in the WW 
rotation) to 14 days (FW rotation) improved wheat 
yield by 0.2t/ha by itself, while the unique fertiliser 
rules allowed wheat grown after fallow access to 
additional N through linking urea applications to soil 
moisture content.

Profitability and risk

The fallow-wheat rotation was also the most 
profitable system over the twenty-year period 
(Figure 1). During the first five years, when rainfall 
was high, the continuously cropped rotations 
performed best. However, during the Millennium 
drought (Years 6 to 13), both the WW and CW 
rotations made a net loss, while the FW rotation 
returned a series of small, but consistent profits. The 
value of long fallowing is therefore highest when in-
crop rainfall is low. 

The FW rotation not only returned more profit than 
other rotations, it also carried the least risk (Table 
2). Long fallows reduce total costs and therefore 
a farm’s exposure to risk in years of low in-crop 
rainfall, depressed grain prices or high input prices. 
The low standard deviation of the FW rotation also 
indicates less variability in profit between years. 
While returns are lower than continuous cropping 
during good years, income was more reliable across 
the entire 20 years.
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Rotation	 Average	total	farm	costs		 Average	annual	cash	flow	 Standard	deviation	of	annual	cash	flow
 ($ million) ($ million)  ($ million)

WW 1.6 0.39 1.3
CW 1.6 0.49 1.3
FW 1.2 0.59 0.6

Table 2. Total	farm	costs,	annual	cash	flow	and	cash	flow	variability	for	all	rotations.

Price sensitivity 

The profitability of all rotations was highly 
sensitive to changes in grain prices (Table 3). The 
FW rotation had the greatest advantage over the 
CW rotation when the price of wheat was high and 
chickpea prices were low. When the prices of both 
commodities were depressed, the FW rotation was 
also preferred. Once the price of chickpeas rose  
to $800/t, the opportunity cost of the FW rotation 
was too great to return a higher cash flow than the 
CW rotation. 

Opportunity sowing rotations

Continuous wheat production was profitable in 10 
of 20 years (Fig. 1). In eight of 10 loss-returning years, 
the mineral N content of the soil (kg/ha) plus PAW 
(mm) at sowing equalled less than 100 units. The 
chickpea phase of the CW rotation was profitable 
in 11 of 20 years. In eight of the nine loss-returning 
years, the PAW content of the soil (mm) at sowing 
was less than 50mm. These two criteria were used 
to create ’opportunity sowing’ rotations. These 
rotations were the same as the WW and CW, except 
that paddocks were fallowed instead of sown if the 
PAW and N criteria were not met at the prescribed 
sowing dates.

Figure 1. The accumulation of cash flow over 20 years (1997to 2016) for all rotations.

Chickpea price  $400/t $600/t $800/t $1000/t $1200/t
Wheat price $150/t 0.2 -0.2 -0.6 -0.9 -1.3
 $200/t 0.3 -0.1 -0.4 -0.8 -1.1
 $250/t 0.5 0.1 -0.3 -0.6 -1.0
 $300/t 0.6 0.3 -0.1 -0.5 -0.8
 $350/t 0.8 0.4 0.1 -0.3 -0.7

Table 3. Difference	in	average	annual	cash	flow	($	million)	of	FW	and	CW	given	a	range	of	wheat	and	chickpea	prices.	
Negative	values	represent	a	higher	cash	flow	for	CW	than	FW.
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Rotation	 Average	annual	cash	flow	($	million)	 Annual	cash	flow	–	opportunity	sowing	($	million)
WW 0.39 0.69
CW 0.49 0.76
FW 0.59 

Table 4. Average	annual	cash	flow	of	set	rotations	and	opportunity	sown	rotations.

Using these rules improved cash flow by $0.30 
million and $0.27 million for the WW and CW 
rotations, respectively (Table 4). Cash flow for 
opportunity-sown rotations was higher than in the 
standard fallow-wheat rotation. These rules improve 
whole-farm finances by minimising losses in dry 
years, and maximising production when stored soil 
water is high. 

Conclusions
When whole-farm finances are taken into 

consideration, long fallow-wheat rotations appear 
capable of lowering total farm costs and income 
variability, and maintaining whole-farm cash flow 
when compared to continuous wheat production 
and chickpea-wheat rotations. Incorporating a long 
fallow into a rotation reduces value-at-risk and 
inter-annual income variability, as well as reducing 
the sensitivity of the rotation to changes in crop or 
input prices. The value of long fallow to whole-farm 
finances is largest during dry seasons, when crop 
prices are low, and when the price of urea, fuel and 
other variable inputs are high. It is important that 
growers remain flexible and reserve the option to 
fallow land, particularly when stored soil water and 
N are low. Long fallows, therefore, continue to be a 
valuable tool available to grain growers in the Mallee 
for not only the accumulation of soil water and N 
for future crop use, but also the reduction of costs 
whilst maintaining profit margins.
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Notes
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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. 
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 Share your grains research online
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Background
Mixed livestock and cropping systems have an 

important role to play in the diversification, risk 
management and sustainability of farming in low 
rainfall areas. The majority of farms in these areas 
use livestock to provide enterprise diversity and 
risk management, however grazing also offers a 
range of other system benefits that are generally 
not accounted for in mixed farming enterprises. 
As a result of increasing cropping intensity in 
these systems, there is a perception of declining 
productivity of the pasture phase, with pastures 
remaining largely unimproved and most farming 
systems continuing to rely on self-regenerating 
medic for livestock feed and N. Pastures in these 
lower input mixed farming systems are generally set 
stocked and grazed at low stocking rates throughout 
the season with minimal effort to manage grazing for 
optimal production. Growers are hesitant to increase 
grazing in the break phase of the rotation partly due 
to the perception that livestock can damage soil 
health, remove organic matter and induce weed 

germination, but also because their efforts are often 
concentrated on the cropping enterprise due to the 
income it brings into the business. With prices for 
livestock (both meat and wool) increasing over the 
past decade, and the valuable nutrition and disease 
break effect that the pasture phase provides to 
subsequent cereal crops, interest in the productivity 
and profitability of medic and livestock systems has 
increased. 

A long-term study was established at the Minnipa 
Agricultural Centre from 2008 to 2016 to assess 
the systems impact of grazing, on crop and pasture 
production, and soil health. The nine-year broad 
acre trial with a wheat-medic rotation (Table 1) also 
tested whether productivity could be improved 
under a higher input system (e.g. higher fertiliser and 
seeding rates, establishment of improved pasture) 
compared to a lower input and more traditional 
system (district practice seed and fertiliser inputs, 
volunteer pasture), and what effect this had on  
soil fertility.

Keywords
 livestock, low rainfall, pasture, cropping, farming system, soil health, mixed farming.  

Take home messages
	Over nine seasons at Minnipa (2008 to 2016), incorporating livestock into the rotation improved 

overall system outcomes in this broadacre trial, including; increased nitrogen (N) cycling and 
water use efficiency (WUE), reduction in weed and pest populations and no negative effects on 
cereal performance or soil health, while value adding to stubble and pastures by grazing.

	The high input grazed farming system had a gross margin of over $100/ha/year more than lower 
input and ungrazed treatments over the nine-year trial period.

Jessica Crettenden.

SARDI, Minnipa Agricultural Centre

GRDC project code: SFS00028 

The impact of livestock on paddock health – 
nine-year enterprise summary
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Method
In 2008, a 14ha red sandy loam portion of a 

paddock on Minnipa Agricultural Centre was divided 
into four 3.5ha sections. Each section represented 
a system treatment: low input - grazed, low input 
– ungrazed, high input – grazed and high input – 
ungrazed. The pasture and grazing treatments were 
not imposed until 2010. Four sampling points were 
selected and marked as permanent sampling points 
in each section. Data presented for each treatment 
are a mean of the four selected permanent points 
in each section. Table 1 describes the treatments for 
each section over the period of the trial. 

Results and discussion
Production results

Table 2 presents the averages of production and 
soil measurements over the nine-year duration of 
the trial. The higher input system produced 1.25tDM/
ha more medic biomass overall in the pasture phase 
of the rotation (2010, 2012 and 2015) and grazing 
reduced total biomass by 0.25tDM/ha on average. 
The grazed systems carried a total of 2303 and 
5232 DSE grazing days in the low input and high 
input systems respectively during the three years of 
medic pasture and grazing wheat stubbles over the 

summer/autumn period. The higher input systems 
had 0.5t/ha greater wheat grain yield than the lower 
input systems and the grazed systems had 0.1t/ha 
more grain yield on average. Total mineral N was 
similar for high and low input systems, however the 
grazed systems had considerably more soil N on 
average (17 and 13kgN/ha greater in the low and 
high input treatments respectively). There was an 
average of 11mg/kg more extractable phosphorous 
in the low input system, compared to the high input 
treatments. Soil organic carbon remained steady 
throughout the lifetime of the trial, with similar results 
across all treatments.

There were several production influences in 
grazed treatments that may have had an effect on 
the overall farming system within each treatment, 
which were observed but not adequately measured 
over the period of the trial. Grazed treatments 
appeared to have lower snail and mice populations, 
increased ground cover outside of the growing 
season and reduced summer weed height and 
density.

Economic analysis

A basic economic analysis of the study (Table 3) 
showed that over nine years, grazing contributed 
$328/ha to the low input treatment and $725/

Year Low input (grazed) Low input (ungrazed) High input (grazed) High input (ungrazed)
2008 WyalkatchemA wheat sown @ 50kg/ha + 45kg/ha DAP WyalkatchemA wheat sown @ 70kg/ha + 60kg/ha DAP + 67.5kg/ha   
   ammonium sulphate
2009 WyalkatchemA wheat sown @ 50kg/ha + 45kg/ha DAP WyalkatchemA wheat sown @ 70kg/ha + 60kg/ha DAP + 67.5kg/ha   
   ammonium sulphate
2010 1070 DSE grazing days No treatment Angel medic sown @ 5kg/ha  Angel medic sown @ 5kg/ha 
   with 30kg/ha DA with 30kg/ha DAP   
   2900 DSE grazing days
2011 WyalkatchemA wheat sown @  WyalkatchemA wheat sown WyalkatchemA wheat sown @  WyalkatchemA wheat sown @
 50kg/ha + 40kg/ha DAP @ 50kg/ha + 40kg/ha DAP 70kg/ha + 60kg/ha DAP 70kg/ha + 60kg/ha DAP
 30 DSE grazing days   166 DSE grazing days  
2012 242 DSE grazing days No treatment 521 DSE grazing days No treatment
2013 MaceA wheat sown @ 50kg/ha + 40kg/ha DAP  MaceA wheat sown @ 70kg/ha + 60kg/ha DAP 
2014 MaceA wheat sown @ MaceA wheat sown @ MaceA wheat sown @  MaceA wheat sown @
 50 kg/ha + 40kg/ha DAP 50kg/ha + 40kg/ha DAP 70kg/ha + 60kg/ha DAP 70kg/ha + 60kg/ha DAP
 324 DSE grazing days   312 DSE grazing days  
2015 637 DSE grazing days No treatment 100kg/ha DAP broadcast 100kg/ha DAP broadcast
   1333 DSE grazing days 
2016 MaceA wheat sown @ 50kg/ha + 40kg/ha DAP MaceA wheat sown @ 70kg/ha + 60kg/ha DAP

*DSE grazing days describes the number of grazing days per dry sheep equivalent per treatment area

**DAP – Di-ammonium Phosphate (18:20:00)

A basic economic analysis was undertaken using the PIRSA Gross Margin Calculator tool (PIRSA Gross Margin Guide 2017) (available on the GRDC website (https://grdc.com.au/__data/assets/pdf_file/0028/234964/farm-gross-
margin-and-enterprise-planning-guide-2017-online-version.pdf.pdf )) to assess gross margins of the four systems over the period of the trial, taking into account price and market differences from 2008 to 2016. 

Table 1. Treatments over the nine-year trial period (2008-2016) in paddock S7, Minnipa

https://grdc.com.au/__data/assets/pdf_file/0028/234964/farm-gross-margin-and-enterprise-planning-guide-2017-online-version.pdf.pdf
https://grdc.com.au/__data/assets/pdf_file/0028/234964/farm-gross-margin-and-enterprise-planning-guide-2017-online-version.pdf.pdf
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ha to the high input treatment. $274 and $651 of 
this was attributed to grazing medic in the pasture 
phases, with the remainder attributed to grazing 
the wheat stubbles over summer/autumn in the low 
and high input grazed systems respectively. The 
cost of improving pastures in the high input systems 
(seed and fertiliser application in 2010, and fertiliser 
application in 2015) was $99/ha in total. However 
the grazed high input system was able to offset 
these costs through the extra livestock production 
value, and achieved a total profit of $524/ha 
compared with the ungrazed high input system with 
a $127/ha loss for the pasture phase years. The low 
input system had minimal costs in the pasture phase 
years (only herbicide application) — the ungrazed 
low input system made a $66/ha loss in total, while 
the low input grazed system off-set these costs by 
grazing livestock, making a total profit of $208/ha.

Lower sowing rates and fertiliser inputs in the low 
input system meant that total costs for the cropping 
operations for the six wheat production years (2008, 
2009, 2011, 2013, 2014 and 2016) were only $2451/
ha, compared with the high input systems total costs 
of $2845/ha. The high input systems managed to 
compensate these costs through increased yield 

with a total $5719/ha profit compared to the low 
input system with $4647/ha profit in total over the six 
years.

Over the nine years, taking into account both 
the cropping and livestock systems, the average 
gross margin of each treatment was $295, $244, 
$395 and $293 in the low input (grazed), low input 
(ungrazed), high input (grazed) and high input 
(ungrazed) systems respectively. This means that 
running sheep added a $51/ha profit per annum 
to the conventional (low) input, ungrazed system, 
while adding higher inputs earnt an extra $49/
ha. Including both sheep and higher inputs to the 
conventional system earnt an extra $155/ha. 

Conclusion
The nine-year period of this study began with 

a severe drought in 2008, followed by six years 
of average to above average rainfall seasons 
(2009-2011 and 2014-2016) and the two seasons 
in 2012 and 2013 slightly below average growing 
season rainfall. The trial showed that over a range 
of seasons, integrating livestock grazing into 
a cropping system improved productivity and 
profitability, particularly in higher input farming 

 Pasture    Total mineral    Grain yield WUE  Colwell P Soil organic DSE grazing daysPaddock treatment biomass    N 0-60 cm  (t/ha) (kg/ha/mm)  (mg/kg) carbon (%) Total (average) (t DM/ha)     (kg/ha)   

Low input (grazed) 3.4 2.3 19.0 83 31 1.2 2303 (2.1 DSE/ha av.)
Low input (ungrazed) 3.8 2.2 16.2 66 27 1.1 
High input (grazed) 4.8 2.8 22.3 81 21 1.1 5232 (4.9 DSE/ha av.)
High input (ungrazed) 4.9 2.7 20.2 68 26 1.1

Table 2. Averages of production and soil measurements over the period of the trial (2008-2016)

	 	 Gross	Margin	($/ha)*	–	crop	and	sheep	enterprises
Year

 
Crop/pasture

 Low input (grazed) Low input (ungrazed) High input (grazed) High input (ungrazed)
2008  Wheat -49 -49 -42 -42
2009 Wheat 803 829 905 879
2010 Medic 96 -23 284 -39
2011 Wheat 362 284 465 366
2012  Medic 26 -27 89 -27
2013 Wheat 356 332 464 390
2014 Wheat 598 525 749 677
2015 Medic 86 -15 151 -60
2016 Wheat 372 339 490 490
Total $/ha 2651 2194 3556 2635
Average $/ha 295 244 395 293

*Gross margins were calculated on the price of the cropping and livestock production figures (PIRSA Gross Margin Guide) in each year of the trial, not as an average across the trial period.  

Table 3. Gross	margin	($/ha)	for	the	different	input	treatments	in	the	nine-year	trial.
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systems, with no apparent negative effect on soil or 
system health. 

Diversification into sheep can assist growers to 
better manage their risk, by reducing the effects 
caused by seasonal and grain market variability, 
and help reduce the levels of diseases and pests. 
Livestock are also a reliable source of income in 
years when yields or grain prices are low, and are 
recently proving they are as profitable as cropping 
gross margins even in average years. 

The high input system carried over twice the 
stocking rate as the low input system over the 
trial period and was more productive in both the 
cropping and pasture rotations. This indicates that 
increased inputs into low rainfall mixed farming 
systems could be more productive and lucrative 
than they are currently on the Eyre Peninsula. The 
decision to increase input rate and subsequent 
costs will however depend on the growers’ attitude 
to risk and whether their business can cope with 
extra input costs if the season is unfavourable, and 
for how many seasons, versus having a system set 
up to capitalise better on a good year. Maintaining 
a degree of flexibility to respond to seasons (e.g. 
top-dress nitrogen, graze a crop) and markets (keep 
more ewe lambs, or feed grain to stock) is a strategy 
to reduce risk. Decisions must be made early to 
optimise the outcome before prices change or an 
opportunity is missed.

Useful resources
Grain and Graze 3 website www.grainandgraze3.

com.au
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Notes
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LOOK AROUND YOU.
1 in 5 people in rural Australia are currently 
experiencing mental health issues.

www.ifarmwell.com.au  An online toolkit specifically tailored to
help growers cope with challenges, particularly things beyond their control (such 
as weather), and get the most out of every day.

www.blackdoginstitute.org.au  The Black Dog Institute is
a medical research institute that focuses on the identification, prevention and 
treatment of mental illness. Its website aims to lead you through the logical steps 
in seeking help for mood disorders, such as depression and bipolar disorder, and 
to provide you with information, resources and assessment tools.

www.crrmh.com.au  The Centre for Rural & Remote Mental Health
(CRRMH) provides leadership in rural and remote mental-health research, working 
closely with rural communities and partners to provide evidence-based service 
design, delivery and education. 

Glove Box Guide to Mental Health 
The Glove Box Guide to Mental Health includes stories, tips,  
and information about services to help connect rural  
communities and encourage conversations about mental  
health. Available online from CRRMH. 

www.rrmh.com.au  Rural & Remote Mental Health run workshops
and training through its Rural Minds program, which is designed to raise mental 
health awareness and confidence, grow understanding and ensure information is 
embedded into agricultural and farming communities.

www.cores.org.au  CORESTM (COmmunity Response to Eliminating
Suicide) is a community-based program that educates members of a local community 
on how to intervene when they encounter a person they believe may be suicidal.

www.headsup.org.au  Heads Up is all about giving individuals and
businesses tools to create more mentally healthy workplaces. Heads Up provides 
a wide range of resources, information and advice for individuals and organisations 
– designed to offer simple, practical and, importantly, achievable guidance. You 
can also create an action plan that is tailored for your business.

www.farmerhealth.org.au  The National Centre for Farmer Health
provides leadership to improve the health, wellbeing and safety of farm workers, 
their families and communities across Australia and serves to increase knowledge 
transfer between farmers, medical professionals, academics and students.

www.ruralhealth.org.au  The National Rural Health Alliance
produces a range of communication materials, including fact sheets and 
infographics, media releases and its flagship magazine Partyline.

The GRDC supports the mental wellbeing of Australian grain growers and their 
communities. Are you ok? If you or someone you know is experiencing mental 
health issues call beyondblue or Lifeline for 24/7 crisis support.

Looking for information on mental wellbeing? Information and support resources are available through:

beyondblue  
1300 22 46 36  
www.beyondblue.org.au 

Lifeline 
13 11 14 
www.lifeline.org.au
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Background 
Climate variability is a major source of risk to 

grain grower profitability in the southern Australian 
grain growing region. GRDC has recognised this 
with a significant investment aimed at improving the 
way the grains industry manages climate risk and 
specifically improving the understanding of how 
and when imperfect but improving seasonal outlook 
forecasts (SCF) can be used to improve grain grower 
profitability in the southern region. 

The project has three main components:

1. Extending the “The Break” e-newsletter and 
video communication to cover the whole 
GRDC southern region. This will involve a 
South Australian, Victorian and Tasmanian 
version.

2. Working closely with approximately 20 
advisers from South Australia, Victoria and 
Tasmania through two workshops to explore 
if and how seasonal climate forecasts can be 
better incorporated into the management of 
grain farms. 

3. Creating a summary publication with case 
studies and worked examples to educate 
GRDC Southern region growers and advisers 
on the use of seasonal forecast information 
to better target crop inputs, manage risk and 
increase profitability.

The project is led by Graeme Anderson and Dale 
Grey from Agriculture Victoria. In addition to overall 
project management, they lead the extension of 
the successful “The Break” suite of communication 
products across the Southern region.

This paper reports primarily on the early thinking 
behind Component 2; the development and running 
of workshops with 20 advisers, which is led by Dr. 
Peter Hayman (SARDI) working with Barry Mudge 
(low rainfall grower, Port Germein, SA) and Mark 
Stanley (Regional Connections). 

Climate sensitive decisions - fast graphs for 
slow thinking 

Keywords
 risk, decision analysis, climate forecasts. 

Take home messages
	Many of the decisions faced by growers have outcomes which are sensitive to the climatic 

conditions received after the decision is made.

	As with many decisions, slowing down and thinking through the potential outcomes (or 
‘imagining the future with rigour’) can support the decision-making process.

	Analysing the expected range of outcomes (rather than focussing on a specific point) can provide 
an increased level of robustness.

	‘Seasonal outlook’ forecasts can be useful in providing additional information to be used in the 
decision-making process, but their application needs to be carefully considered.

Barry Mudge¹ and Peter Hayman².

¹Barry Mudge Consulting; ²SARDI Climate Applications.
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A definition of decision making 
Decision-making can be defined as ‘The thought 

process of selecting a logical choice from the 
available options. When trying to make a good 
decision, a person must weigh the positives and 
negatives of each option and consider all the 
alternatives. For effective decision making, a person 
must be able to forecast the outcome of each option 
as well, and based on all these items, determine 
which option is the best for that particular situation.’

Growers are clearly faced with an array of 
decisions, the outcome of which can be heavily 
dependent on the weather/climate which occurs 
after the decision is made. As growers, we take 
responsibility for these decisions and being 
comfortable with the decision-making process is 
an important psychological hurdle to overcome. 
Decisions can range from simple to complex; 
usually the complexity is increased as the time scale 
increases. For example:

• Short term operational decision such as 
whether or not to apply urea is a relatively 
simple decision and could be heavily 
influenced by short term weather forecasts.

• Medium term decision of how much nitrogen 
(N) to apply is a complicated decision and the 
result could be heavily dependent on rainfall for 
the balance of the season but often tempered 
by existing knowledge of soil water status, N 
supply, etc.

• Longer term changes in farm program, for 
example; from high return/ high risk farming 
system to lower return but lower risk. This is a 
complex decision due to the potential longer-
term rotational influences and consequences of 
changing crop types.

Given the influence that the future climate can 
have on the decision outcomes, it is understandable 
that SCF are widely regarded as the ‘holy grail’ of 
our climatically exposed farming systems. However, 
it is important to unpack that premise to see how 
it stands up under closer scrutiny. This involves 
looking at both the areas where seasonal forecasts 
can be effectively harnessed for better outcomes 
and the concept of how good the forecast needs to 
be before it is considered reasonable information to 
act on.

But before we can attempt to pull seasonal 
outlook forecasts into some sort of decision making 
process, we need to understand the implications of 
climate on the potential outcomes of the decisions.

‘Imagining the future with rigour’
‘Imagining the future with rigour’ is a statement 

attributed to Professor Bill Malcolm from The 
University of Melbourne which describes his 
interpretation of the process of decision making.

Rational decision-making consists of a sequence 
of steps designed to rationally develop a desired 
solution. Intuitive decision making is almost the 
opposite, being more instinctive, subjective and 
subconscious in nature. This is the slow and fast 
thinking referred to by Nobel Prize winner Daniel 
Kahneman in his book ‘Thinking, Fast and Slow’. 
Both are important mechanisms and both are used 
extensively in our daily lives. 

Effective decision making (or ‘imagining the 
future with rigour’) could be seen as having an 
understanding and knowledge of three areas:

1. Recognition of the current state (the ‘known 
knowns’). While this may seem obvious, there 
can be an enormous amount of information 
contained within our knowledge of current 
circumstances. In an agronomy sense, aspects 
such as current soil moisture levels, crop 
stage, weed and disease levels, etc. are the 
obvious examples but knowledge of aspects 
such as historical varietal performance, 
landscape influences and client’s attitudes can 
also have important influences.

2. The likelihood and consequence of the 
various states which may occur after the 
decision is made (the ‘unknown knowns’)

3. A methodology to combine the information 
contained in point 1 and 2 with other potential 
externalities (the ‘unknown unknowns’) into a 
process to arrive at a ‘decision’. 

Fast graphs for slow thinking
One way of providing a level of rigour to this 

process is to describe the decision problems in 
terms of a graph which can allow consideration of 
all three components. Our experience is that people 
with a good understanding of farming systems (e.g. 
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Season Yield    Applic  Net Yield   Applic Cost Net
Rainfall  (no N)  Price ($/t) Gross ($) Cost Result (46 Kg N) Price ($/t) Gross ($) (incl urea) Result
Decile  (t/Ha)    ($/Ha)  ($)   (t/Ha)   ($/Ha)  ($)

1 1.3 250 325 0 325 1.3 250 325 53 272
3 1.7 250 425 0 425 1.8 250 450 53 397
5 2.2 250 550 0 550 2.7 250 675 53 622
7 2.6 250 650 0 650 3.4 250 850 53 797
9 3 250 750 0 750 4.2 250 1050 53 997

Table 1: The net result across subsequent seasonal rainfall deciles of applying 46kg N compared with no application of N  
to a moderately N responsive crop.

advisers and growers) can create these graphs 
quite quickly (i.e. 20 minutes or less). It usually just 
involves taking information out of the head and 
putting it down on paper.

Consider two examples of a climate  
sensitive decision:

1. A comparatively simple decision involving the 
application of urea to a moderately responsive 
wheat crop. Table 1 shows the components of  
the decision. 

The result can be shown as a graph (Figure 1).

As suggested, there is a lot of knowledge 
captured in the information presented (Table 1, 
Figure 1). The yield estimates in this case have been 
derived from Yield Prophet®. If this site has been 
correctly parameterised, then information about 
the current state (soil water, current N levels, etc.) is 
caught in the model’s estimates of yield. Likelihood 

and consequence of different climate states 
occurring after the decision point is shown in the 
deciles versus yield estimates. And if the numbers 
are considered robust and accepted by the decision 
maker, then a methodology for decision making can 
be adopted from the information. For example; using 
the decile break-even point as a guide or comparing 
the upside and downside (the potential losses 
compared with the gains).

2. A more complex decision involving changing 
the crop type at the start of the season. In 
this example, we are comparing a low rainfall 
scenario of switching from a higher risk/higher 
return crop such as lentils to a lower risk/lower 
return pasture option such as vetch.

The numbers in this example have been derived 
from a gross margins program developed by Rural 
Solutions (Rural Solutions Farm Gross Margins 2018 
Excel Spreadsheet).

Figure 1. Graph of the comparison of the net result across subsequent seasonal rainfall deciles of applying 
46 kg N with no application of N to a moderately N responsive crop.
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Table 2: Comparison of the net result across seasonal rainfall deciles of sowing lentils for grain or vetch for 
pasture in a low rainfall environment.

 The greater level of complexity in this second 
decision example includes the difficulty of robustly 
identifying inter-seasonal influences such as the 
rotational advantages and/or compromises of the 
different scenarios.

Examples 1 and 2 have used rainfall as the climate 
variable and have adopted deciles as the measure 
of risk. Clearly, there will be many other instances 
where other climate factors (e.g. temperature 
extremes (frost, heat), excessive rainfall, etc.) will 
be the drivers of variability with the consequences 
being dependant on different states of each.

The real value in developing the ‘fast graphs’ lies 
in our ability to interrogate and ask questions of the 
output (i.e. the slow thinking). For example;

• How confident are we that we have reasonably 
captured the essence of the decision problem?

• How does the upside and downside risk 
compare? 

• What externalities would/could change the 
graphs? 

When attempting to use a rational approach to 
analysing climate sensitive decisions, a number of 
areas (and pitfalls) can be identified that growers/
advisers need to be aware of:

• The value of simplicity (or ‘It is important to 
keep things simple, but no simpler’). There will 
always be outriders which cannot be effectively 
captured in objective analysis. These do not 
necessarily diminish the value of the analysis, 
rather we need to identify externalities that 
could have an influence and temper the 
outcomes with a healthy dose of perspective.

Figure 2. Comparison of the net result across seasonal rainfall deciles of sowing lentils for grain versus 
vetch for pasture in a low rainfall environment.
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• There may be biases which are difficult to 
ignore when analysing a situation. These could 
include recency bias (greater emphasis on 
recent experiences), anchoring and availability 
(information is based on what is readily 
available).

Where do seasonal climate forecasts fit in?
Seasonal climate forecasts potentially provide 

some additional information that can be brought 
into the decision-making process. Once a climate 
sensitive decision has been described in terms of a 
graph, it is a relatively simple process to apply the 
additional information contained in a SCF.

Consider the lentils versus vetch example: A 
grower has various ways that SCFs can be used (or 
choose not to use) when confronted with this crop 
choice decision:

• Prepare, don’t predict: In this case, the grower 
accepts there is a range of possible outcomes, 
and prepares for all eventualities. There is no 
attempt to alter historic climatology by applying 
any changed probabilities from any seasonal 
forecast. In the lentil/vetch example, the grower 
would most likely plant lentils due to the higher 
upside benefit compared with downside risk.

• Predict, then prepare: The grower may obtain 
a deterministic forecast which indicates that 
a particular outcome is likely e.g. a decile 3 
season. The grower then uses this as a base for 
their decision- in the decile 3 case; the grower 
would lean towards planting vetch as pasture. 
For this selection to occur, a grower needs to 
have a good level of confidence (either valid or 
not) in the SCF. 

• Prepare and predict: Similar to prepare, don’t 
predict the grower accepts there is a range of 
possibilities but tempers their expectations by 
accepting the shift in probabilities as provided 
in a SCF. Again, the grower needs to have 
a good level of confidence in the skill being 
demonstrated in the forecast.

An Excel based program has been developed 
which allows users to examine the effect of changes 
in probabilities of different climate outlooks on 
expected outcomes. While this is not meant as a 
decision support tool, it does allow for discussion 
on how much the patterns on the chocolate wheel 
would need to change before a decision might 
realistically be altered. In the lentil/vetch example, 
increasing the chance of the driest tercile from 33% 
(historic climatology) to 50% increases the size of 
the downside ‘wedge’ but it is still outweighed by 
the potential gains if the (less likely) better seasons 
occur (Figure 3). A decision maker in this situation 
could still be well satisfied with the selection to 
plant lentils, due to an unwillingness to forego the 
potential for substantial gains.

Conclusion 
• Growers are regularly faced with the need to 

make important decisions, the outcomes of 
which can be highly variable depending on 
the climatic conditions which occur after the 
decision is made. While not appropriate in all 
cases, some ‘slow thinking’ objectivity about the 
range of possible outcomes can be beneficial 
to the decision-making process. 

Figure 3. Comparison of the effect of changes in seasonal outlooks on the range of outcomes from planting 
either lentils for grain or vetch for pasture. 
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• There are times when the additional information 
contained in SCFs can have an important role in 
making decisions more robust. Identifying these 
times will be aided by due recognition of both 
the level of skill in the forecast and the amount 
of change from historic climatology. 

• Equally important will be the need to identify 
those times when either the skill of the forecast 
is poor, or the projected change is insufficient 
to affect the decision process.

• In the long run there are likely to be 
economic benefits of ‘slow thinking’ but also 
psychological benefits. Clarifying the difference 
between good decisions that used the best 
information at the time and decisions that are 
lucky or unlucky depending on the season is 
likely to reduce stress.   

Useful resources 
To subscribe to The Break, please contact https://

confirmsubscription.com/h/r/00140824AC7E078C or 
Email: the.break@ecodev.vic.gov.au
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Background
The export hay industry has been an evolving 

industry in Australia and is becoming a significant 
part of the farming system within many medium to 
high rainfall areas. It can improve farm business risk 
management and control weed resistant issues in 
the farming system. The challenge for the export 
hay industry and the Australian Exporters Company 
(AEXCO) is to continue to expand production to 
ensure a significant and constant supply can be 
made available to valuable export hay markets.

This economic study of the role of export hay 
in selected farming systems in SA and Western 
Australia (WA) was funded by AEXCO. The study 
covers both the profits provided by the export hay 
enterprise and the effect on business risk.  
As this paper is being presented in Adelaide, it 
focuses on the SA component of this study. To 
download the full report, go to the AEXCO website 
www.AEXCO.com.au 

This study was undertaken during February and 
March 2018, with significant grower and adviser 
input to validate the results and provide important 
farm business management information to support 

the expansion of the industry. The assumptions 
used in both the WA and the SA case studies are 
considered conservative by the respective farmers 
and advisers.

While this report outlines the key results from this 
study, the methodology and approach used in this 
study is robust enough to provide insight into any 
farm business management question when viewed 
from a farm’s business perspective. 

Key question for research
The key question for research was to determine 

what business benefits are being provided to the 
growers who have an export hay enterprise in their 
farming system?

Method
A ‘Grower Case Study’ methodology was used 

where a farm was financially modelled to compare 
the ‘With’ export hay against the ‘Without’ export hay 
scenarios. Whole farm financial modelling helped 
clarify the important efficiency and risk management 
differences between the two scenarios. 

Economic role of export hay within farming systems

Keywords
 export hay enterprise, scenarios, gross margins, risk management, profitability, efficiency, 

management preference, whole farm modelling, benefits, challenges.  

Take home messages
 The whole farm modelling with the inclusion of the export hay enterprise in the mid-north region 

of South Australia (SA) shows that export hay provides both improved profits and better climate 
risk management for the farming system.

 However, while the export hay enterprise can deliver both financial and agronomic benefits, it is 
not an enterprise that farmers can choose to go in and out of between seasons. 

 Export hay production is an enterprise that requires high levels of management skill and 
dedication, as the rewards will only be available to those growers who implement a ‘continual 
management improvement’ approach to their business.

Mike Krause.

P2PAgri P/L.

http://www.AEXCO.com.au
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Average rainfall: 620mm
Enterprise With Export Hay (ha) With-out Export Hay (ha)
Faba bean 420 460
Barley 175 200
Wheat 525 600
Canola 280  280
Export hay 300  
Pasture/self-replacing Merino 300 (non-arable) 400 (includes 300 ha non-arable)
Total 2,000  2,000 

Table 1: SA ‘Grower Case Study’ area and enterprise selection.

The ‘Grower Case Study’ methodology included:

• Farm case study for SA: The SA ‘Grower Case 
Study’ has been modelled based on input from 
selected growers and an adviser. This was to 
avoid any issue with confidentiality in using 
a real farm and to be more representative of 
the industry. The adviser used to guide the 
development of the modelled assumptions was 
Mick Faulkner of Agrilink. 

• Validation of data: A small group of growers 
and the adviser met in a half-day workshop 
environment to agree on the ‘Grower Case 
Study’ farm data, and to outline both the 
benefits and costs of having an export hay 
enterprise in the farming business.

• Data collection process: One grower was 
initially interviewed, and the base financial 
and physical data required for the respective 
‘Grower Case Study’ was collected. This data 
was then used by the respective farmer/adviser 
group to develop the final ‘Grower Case Study’.   

• Reporting parameters: Whole farm business 
measures and the scenario analysis approach 
outlined in the farm business management 
manual, ‘Farming the Business’, were used. 
This book was developed by Mike Krause and 
published by the GRDC (www.grdc.com.au/
FarmingTheBusiness). Results of gross margin 
analysis, whole farm profitability and return  
on management capital were all used to  
report results.

• Risk profiles used: A range of seasons (Deciles 
3, 5 & 7) were modelled to indicate the risk 
profile of each ‘Grower Case Study’ and the risk 
impact that the export hay enterprise had on 
the financial results of the business.

• Software used: A commercially available whole 
farm financial modelling software platform 
called P2PAgri (www.P2PAgri.com.au) was  
used to model the financial impact of the  
export hay enterprise on the respective 
‘Grower Case Studies’. 

The SA ‘Grower Case Study’
Export hay is grown in various regions in SA 

including the Mid-North, Upper South East and 
Upper Eyre Peninsula. Each area has different 
rainfall zones resulting in different farming systems. 
As this project only had resources to undertake this 
methodology in one region, it was decided to focus 
on the Mid-North region, particularly the Watervale 
area. This is because this region has the most 
experience with export hay production compared 
with the other SA regions. 

Features of the ‘Grower Case Study’ area and 
farm enterprises are shown in Table 1.

The major assumptions used in modelling the SA 
‘Grower Case Study’ are:

• The mixture of hay, cereal grain, oilseed 
(canola) and grain legumes were seen to be 
typical of this area. It was felt that if export hay 
was removed from this farming system, pasture, 
oilseed and grain legumes would take up most 
of the difference as growers needed break-
crops to maintain cereal production.

• The yield expectations for the SA ‘Grower Case 
Study’ ‘With’ export hay are shown in Table 2 
and ‘Without’ export hay in Table 3. 

There were no expected grain crop yield 
differences between the ‘With’ hay versus ‘Without’ 
hay scenarios. However, to compensate for some 

http://www.P2PAgri.com.au
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Enterprise Decile 3 (t/ha) Decile 5 (t/ha) Decile 7 (t/ha)
Faba Beans 1.5 3.0 4.0
Barley 3.5 5.0 6.0
Wheat 3.3 4.8 5.8
Canola 1.2 1.8 2.2
Export Hay 5.0 7.0 10.0

Enterprise Decile 3 (t/ha) Decile 5 (t/ha) Decile 7 (t/ha)
Faba Beans 1.5 3.0 4.0
Barley 3.5 5.0 6.0
Wheat 3.3 4.8 5.8
Canola 1.2 1.8 2.2

Variable Cost Faba Beans ($/ha) Barley ($/ha) Wheat ($/ha) Canola ($/ha) Cereal hay ($/ha)
Chemical 150 150 160 150 50
Crop Insurance 9 9 9 9 9
Fertiliser 50 160 160 160 100
Fuel 40 40 40 40 60
Repairs and maintenance 45 45 45 45 50
Seed 40 25 25 25 30
Sundry 25 25 25 25 25
Total 359 454 464 454 324

Variable Cost Faba beans ($/ha) Barley ($/ha) Wheat ($/ha) Canola ($/ha)
Chemical 150 150 160 150
Crop Insurance 9 9 9 9
Fertiliser 50 160 160 160
Fuel 40 40 40 40
Repairs and maintenance 45 45 45 45
Seed 40 25 25 25
Sundry 25 25 25 25
Added fertiliser  10 10 
Added chemicals  20 20 
Total 359 484 494 454

Table 2: Yield expectations for the SA ‘Grower Case Study’ ‘With’ export hay.

Table 3: Yield expectations for the SA ‘Grower Case Study’ ‘Without’ export hay.

Table 4: Cropping variable costs for the ‘With’ export hay option.

Table 5: Cropping variable costs for the ‘Without’ export hay option.

of the weed control benefits that the hay enterprise 
provides, variable costs for the ‘Without’ hay option 
are higher. These are shown in Table 4 and Table 5.

The advisory group felt that if the export hay 
enterprise was removed from the farming system, 

additional fertiliser and chemical would be needed 
for the barley and wheat enterprises to maintain 
grain production. This is to compensate for the 
weed control, improved fertility and root disease 
control which hay provides.  
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The grower and adviser group provided their 
expectations on prices given the various seasons 
modelled. It was felt that faba bean and canola 
prices were not correlated to local seasonal 
outcomes, as they were very dependent on export 
market conditions (i.e. local production levels do not 
influence price). 

In contrast, barley and export hay prices were 
seen to be affected by local production levels. While 
malt barley production is preferred, feed barley was 
more likely to be produced, as grain quality was very 
seasonally dependant. The feed barley market was 
significantly dependant on local stock feed demand 
- the higher production levels typical of a Decile 7 
season generally lead to lower prices. 

Similarly, growers would prefer to sell all their 
hay to the higher priced export market. However, 
the reality is that quality of hay could not always 
be maintained due to seasonal vagaries and so a 
significant amount of hay is sold for stock feed. Like 
feed barley, the higher the local production of hay, 
the lower the hay prices. 

Table 6 and Table 7 indicate the farm gate prices 
of the various grains and hay grown by the ‘Grower 
Case Study’.

Livestock
As the SA ‘Grower Case Study’ had 300ha of 

non-arable land, a self-replacing merino enterprise 
was run. Details of this enterprise are shown in Table 
8. The advisory group said that livestock goes well 
with a hay production enterprise as it enhances 
the flexibility to manage seasonal variations. When 
export hay was removed from the farming system, 
100ha of arable land became available for improved 
pasture, which has a significant carrying capacity of 
20 dry sheep equivalent (dse)/ha. 

Sheep were shorn twice each year to assist with 
sheep husbandry and increased wool production.

In the Decile 3 season, 12.5t of barley and 12.5t 
of hay were added as supplementary feed for the 
sheep enterprise in the ‘With’ export hay scenario. 
However, an added 20t of barley and 20t of hay 

Enterprise Decile 3 ($/t) Decile 5 ($/t) Decile 7 ($/t)
Faba Beans $320 $320 $320
Barley $215 $200 $170
Wheat $255 $240 $210
Canola $450 $450 $450
Export Hay $210 $180 $140

Enterprise Decile 3 ($/t) Decile 5 ($/t) Decile 7 ($/t)
Faba Beans $320 $320 $320
Barley $215 $200 $170
Wheat $255 $240 $210
Canola $450 $450 $450

Table 6: Price expectations for the farm ‘With’ export hay.

Table 7: Price expectations for the farm ‘Without’ export hay.

 ‘With’ Export Hay Enterprise ‘Without’ Export Hay Enterprise
Grazing area   
   Non-arable (ha) 300 300
   Arable (ha)  100
DSE carrying capacity  
   Non-arable (DSE/ha) 11 11
   Arable (DSE/ha)  20
Breeding Ewes 1,003 1,680
Flock DSE 3,213 5,252
Livestock Asset Value $311,310 $510,730

Table 8: SA Self-replacing ewe enterprise.
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were used as feed in the same season for the 
‘Without’ export hay scenario, as more sheep are 
being carried.

The asset value of the ‘Without’ export hay 
scenario is higher because more ewe breeders are 
carried. The grower advisory group said that ‘the 
added capital needed for this livestock enterprise 
would come from the sale of surplus hay equipment’.

Asset values and equity
Table 9 shows the asset base of the SA ‘Grower 

Case Study’. This uses the size of the property with 
recent market values for the land, machinery and 
livestock. The advisory group felt that about 20% of 
the total machinery value represented the value of 
the hay making machinery. In the ‘Without’ Export 
Hay enterprise, the hay making machinery would  
not be needed, but the group felt that the header 
would need to be upgraded as more grain would  
be harvested. 

Table 9 provides a comparison of the ‘Grower 
Case Study’s assets in the ‘With’ and ‘Without’ export 

hay scenarios. The total assets do not change 
greatly between the two scenarios as money saved 
by not having hay making machinery approximately 
matches up with the increased assets needed for 
livestock purchases. 

Liabilities
ABARES reports that Australian farm business 

equity is around 85%. The liability for the ‘Grower 
Case Study’ is $3,546,200, which is 15% of the total 
assets. This was modelled as an interest only loan 
with a 5.5% interest rate and was seen by the group 
as being a typical lending facility and interest rate.

Results
The farming system modelling results

This modelling has resulted in measuring the 
whole farm benefit to a farming system that has 
export hay as a part of the enterprise mix. This result 
is shown across a range of seasons and indicates 
how export hay assists with managing seasonal risk.

Asset Items ‘With’ export hay ‘Without’ export hay
Land $20,237,000 $20,237,000
Land related $1,465,000 $1,465,000
General machinery $1,202,400 $1,352,700
Hay making machinery $300,600 
Livestock $311,310 $510,730
Grain and hay on hand $125,000 $125,000
Total Assets $23,641,310 $23,789,730

Table 9: Asset values of SA ‘Grower Case Study’.

Season Type Decile 3 Decile 5 Decile 7
Gross Margins $/ha   
‘With’ Export Hay   
  Faba Beans $121 $601 $921
  Barley $299 $546 $566
  Wheat $378 $688 $754
  Canola $86 $356 $536
  Export Hay $726 $936 $1,076
  Self-Replacing Merino $550 $550 $550
‘Without’ Export Hay   
  Faba Beans $121 $601 $921
  Barley $269 $516 $536
  Wheat $348 $658 $724
  Canola $86 $356 $536
  Self-Replacing Merino $763 $763 $763

Table 10: Expected	gross	margins	for	each	of	the	enterprises	given	the	different	seasons	modelled.
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The enterprise gross margins form the ‘engine’ to 
create whole farm net profits. Table 10 and Figures 1 
and 2 show the modelled enterprise gross margins 
for each enterprise for both the ‘With’ and ‘Without’ 
export hay enterprises.

These gross margins highlight:

• The export hay enterprise provided the highest 
gross margin in each season type in the ‘With’ 
export hay scenario. This indicates both its 
profitability and ability to assist with the risks 
associated with seasonal variation.

• The cereal grain gross margins are poorer 
without the export hay because variable costs 
are higher with added chemicals needed 

for more weed control and added fertiliser 
required to deliver the same yield expectations.

• The self-replacing merino gross margin, while 
not providing the highest gross margin, was 
least affected by the seasonal variations. Also, 
with the current good wool and livestock prices, 
this enterprise provided the third highest gross 
margin of all the enterprises studied.

• The self-replacing merino enterprise provided 
higher gross margins per hectare in the 
‘Without’ Export Hay scenario as 100ha of 
arable land was used for improved pasture, 
which provided a significant increase in 
livestock production.

Figure 1. Enterprise gross margins for the ‘With’ export hay scenario.

Figure 2. Enterprise gross margins for the ‘Without’ export hay scenario.
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Whole farm profitability
A primary aim of business is to generate profits. 

One of the tests when assessing the effect of any 
change on the business is to measure the effect  
on profits from that change. Table 11 and Figure 3 
show the modelled results of the financial effect of 
export hay on the ‘Grower Case Study’ in the three 
season types. 

These results indicate that the inclusion of export 
hay in this ‘Grower Case Study’ provided added net 
farm profit across the three season types modelled. 
The main observations:

• The 9.1% increase in net farm profit in an 
average season (Decile 5) is substantial.

• The inclusion of export hay meant that profits 
were improved in all seasons assessed. There 
are measurable benefits from export hay when 
it comes to managing seasonal risks.

• In the scenario of ‘Without’ export hay, the 
‘Grower Case Study’ made losses in the Decile 
3 season, while in the same season, the ‘With’ 
export hay provided a small net farm profit.

Whole farm efficiency
While comparing the two scenarios, it is also 

important to assess the business efficiency 
improvement that export hay provides the ‘Grower 
Case Study’. Business efficiency is measured by 
return on assets managed (ROAM), with the highest 
value indicating the best result. Table 12 and Figure 
4 indicate the efficiency result of this modelling:

• The efficiency results of both the ‘With’ and 
‘Without’ export hay indicate relatively low 
returns for the industry. These results are 
reflective of the high land values of the SA 
‘Grower Case Study’ of $4,500/ac for the arable 
area. Industry would say a 6% ROAM would be 
more desirable.

• Efficiency is improved by the inclusion of export 
hay in all season types studied.

• The ‘With’ export hay ROAM of 3.3%, represents 
a 7.4% improvement in efficiency compared to 
the ‘Without’ export hay scenario.

Season Type Decile 3 Decile 5 Decile 7
‘With’ Export Hay $21,567 $596,687 $1,058,770
‘Without’ Export Hay -$31,200 $546,900 $828,189

Season Type Decile 3 Decile 5 Decile 7
‘With’ Export Hay 0.9% 3.3% 4.4%
‘Without’ Export Hay 0.7% 3.1% 4.2%

Table 11: Net	farm	profit	before	Tax	comparing	the	‘With’	and	‘Without’	export	hay	in	the	‘Grower	Case	Study’.

Table 12: Return on Assets Managed comparing the ‘With’ and ‘Without’ export hay in the SA ‘Grower Case Study’.

Figure 3. The net farm profit results for both the ‘With’ and ‘Without’ export hay scenarios in three season 
types (Decile 3, 5 & 7).
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Further observations from the SA grower 
and adviser workshop

The adviser and growers who participated in the 
half-day workshop that was conducted as part of this 
project provided a list of both the advantages and 
challenges of an export hay enterprise:

Advantages provided by the export hay enterprise

In the discussion with the growers and adviser, the 
following advantages were identified from having 
export hay in a farming business within this area  
in SA:

Improved profitability

• There is a good balance of risk and financial 
reward. There are instances when strong  
profits can occur and other times when 
significant losses occur. It was generally  
agreed that the higher risks were matched  
with the higher rewards.

Improved risk management 

• The advisory group felt that the export hay 
enterprise offered greater risk management of 
dry finishes and frost. This gave the business 
balance; when a season was good for grain 
production the farm profits came from this, and 
when the season was not favourable for grain 
production the farm profits came from hay.

Agronomic advantages

• Improved management of resistant ryegrass in 
the farming system.

• Improved ability to conserve moisture for the 
following year.

Response to climate variability

• The hay enterprise tended to do better in a 
dryer finish.

• The effect of frost is minimised as frost does not 
tend to affect hay yields and quality.

• The hay enterprise gives flexibility in managing 
climate variation. Hay can be cut in a season 
that finishes early, or the crop could be left 
to grain production in a good season. Note, 
this tended to be a comment regarding hay 
production and not specifically export hay, as 
export hay was seen as a speciality enterprise 
that cannot be managed opportunistically. 

Labour utilisation  

• The month leading up to grain harvest can 
be quiet on a farm, so hay-making provides 
permanent staff with significant work in this 
period of the year.

• Hay making, while a hectic period, helps to 
spread the work load more evenly throughout 
the year. 

• As hay making requires less spraying, this 
reduced pressure on the farm’s workforce.

Grazing capability

• Hay making paddocks can be grazed early in 
the season before the paddock is shut up and 
grown out for hay harvest. This allows more 
grazing to be available at a time when there 
may be a lean pasture supply.

Figure 4. The business efficiency results for both the ‘With’ and ‘Without’ export hay scenarios.
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Improved pest control

• It has been reported that a hay enterprise 
encourages less slugs in the farming system.

• Less mice have also been reported as hay 
means less grain is spilled at harvest, leaving 
less food available for mice after harvest.

Technology improvements

• Improvement in technology has significantly 
helped with hay making to produce better 
bales. This has improved freight handling and 
lowered freight costs.

• There are now improved weather warnings 
which greatly help with the hay making process.

• In-field weather stations now measure weather 
more accurately, which means the art of hay 
making can be further improved.

• The technology of mower conditioners has 
greatly improved; leading to better quality 
control.

• The technology of balers has also improved; 
leading to improved labour efficiencies.

Challenges provided by the export hay enterprise

Agronomic challenges

• The hay enterprise creates poor management 
of the following weeds: barley grass, resistant 
wild oats and brome grass.

• Hay-making and carting machinery can be 
heavy. In moist soil conditions at hay making, 
there may be significant compaction issues.

• The process of hay making means within 
paddock operations do not maintain ‘control 
traffic’ paths. 

The cash flow challenge

• Hay enterprises create a monthly income to the 
business which was seen as useful. However, 
it was mentioned that grain payment for cash 
flow was better as money comes in within two 
months of harvest, whereas hay payments may 
take up to ten months after harvest.

Management issues

The management issues of the export hay 
enterprise were listed as critical, as management 
needs to be fully committed in order to achieve  
the quality needed for export hay. This enterprise 
will not be profitable if it is not managed to a  
high standard. 

• Growers who do not manage stress well may 
find operating a hay making operation very 
difficult. This is due to the affect weather has on 
both production and the quality of hay. Weather 
events throughout the hay-making period 
can occur quickly and require quick decision-
making and follow-through of those decisions.

• If farm management does not handle stress 
well, then hay-making can add to increased 
personal risk.

• The intensive work-load that is required to 
make high quality export hay can have a 
significant impact on sleep patterns due  
to stress.

• There are difficulties managing a worker’s 
eight-hour day because baling can occur 
anytime in a 24-hour period. This can lead to 
OH&S issues of fatigue management. 

• Due to the ’24-hour hay-making cycle’, a 
grower’s/worker’s lifestyle is challenged for the 
four weeks of hay making. This can be a strain 
on family relationships.

Production issues

• The levels of both quality and production are 
greatly affected by weather events through 
spring. For example, a rain at the wrong time 
can spoil hay in the processing period. If  
drying conditions do not occur after these 
rain events, then the value of this hay will be 
adversely affected.

• Hay is a bulky product, so growers need 
expensive equipment to transport and handle 
the hay, otherwise there will be OH&S issues.

• As the hay making process is very time 
sensitive, the reliability of machinery is  
very important.

• Hay making starts earlier in the season, which 
means the overall harvest period, including 
grain, is quite an extended period. Sound 
fatigue management is needed.

• Poor management during the hay making 
period can cause hay stacks to spontaneously 
combust, resulting in a significant financial loss. 

• Contamination of hay with unwanted weeds, 
vermin and snakes can reduce quality, which 
may lead to export hay rejection issues and 
OH&S issues.

• The stacking of bales can be challenging and 
lead to OH&S issues.
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Disease 

• Different diseases can be introduced to the 
farming system, including stem nematode and 
bacterial blight.

Marketing issues

• Growers have experienced payment issues in 
the past from some hay processors. This risk 
seems to have decreased as the industry has 
matured but can still be an issue.

• Growers need to develop rapport with the 
hay processors and need to manage this 
relationship. If growers do not wish to manage 
this marketing relationship, then selling hay can 
become more difficult, resulting in poorer prices 
or produce not being accepted.

• The commitment to export hay is needed 
over many seasons to both master the quality 
requirements of export hay and demonstrate 
to the hay processors that hay will be supplied 
through both good and poorer times.

• The export hay market does not reward those 
growers who speculatively produce. 

Conclusion
This study has provided a comprehensive 

analysis of the economic role that an export hay 
enterprise provides to farming systems in two 
regions, Narrogin, WA and Watervale SA, both of 
which are considered as medium to high rainfall 
zones. Only the SA results are discussed in this 
paper. While these economic results are specific to 
the regions selected for this study, elements of the 
discussions can be used as general observations for 
other hay-making regions of Australia. While these 
results are relevant for 2018, the range of seasons 
modelled make these results applicable to a wide 
range of seasons. It can be concluded that export 
hay provides both improved financial performance 
and a significant strategy to manage business and 
agronomic risks.

Useful resources
The full report of this study titled ‘Evaluating 

the Economics of Export Hay in Selected Farming 
Systems’ can be downloaded from:

www.AEXCO.com.au 

The farm business methodology can be further 
researched in ‘Farming the Business’ by Mike 
Krause, a manual in farm business management 
funded by GRDC. Details for obtaining this can be 
found on:

www.grdc.com.au/resources-and-publications/
all-publications/publications/2015/01/farming-the-
business-manual 
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Introduction
The times when we least feel like looking after 

ourselves are when we need to do it most. While 
farmers are very willing to volunteer and help 
others, they are often less willing to ask for help 
themselves. The tendency is not to openly talk 
about problems or ask for support until things are 
desperate. The National Centre for Farmer Health 
have compiled the publication ‘Managing Stress on 
the Farm’ https://www.farmerhealth.org.au/support. 
This resource is a way of enabling farm families to 
understand stress, its impact and learn skills to help 
balance stress when farming in difficult times.

The Centre has also compiled a list of local 
contacts who are available to assist.

Contact details

https://www.farmerhealth.org.au/contact-us 

Managing stress on the farm

Keywords
 mental health, stress, coping mechanisms  

Take home messages
	Staying healthy and well is important in good times and trying times. 

	Drought, flood, bushfires and change in prices can be a trying time for many farmers. 

	The National Centre for Farmer Health have compiled the publication Managing Stress on the 
Farm as a resource for farmers https://www.farmerhealth.org.au/support

National Centre for Farmer Health.

 Return to contents
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Introduction
Grain producers have become more proficient 

atThis paper is written from an economic rather than 
an agronomic perspective. The intent is to deliver 
a case study at a pre-determined business scale to 
demonstrate the process for conducting investment 
analysis on header fronts. An economic analysis  
of the costs and benefits of the inclusion of  
stripper fronts to disc seeding systems follows. 
This paper is aimed to complement the analysis of 
the costs and benefits of disc versus tine seeding 
equipment which is provided in the paper within  
this booklet of Swan et al. (2018) titled ‘Flexible 
stubble management – how to reap returns to the 
bottom line’. 

Introduction to crop residue management
One of the intentional benefits of moving from 

a tine to a disc seeding system is the benefit of 
retained crop residue resulting in improved soil 
moisture retention and improved soil structural 
characteristics. Plant residues provide physical 
benefits by protecting the soil surface as well 
as several biological and soil structural benefits 
resulting in greater water holding capacity of  
the soil.

The minimal disturbance of soil in disc seeding 
systems is proposed to add further benefit by 
resulting in less soil disturbance. This reduces the 
chance of soil moisture losses at sowing and results 
in a lower volume of soil being disturbed thereby 
reducing depletion of soil structure. 

The economics of changing from draper to stripper 
fronts for increased standing crop residue and 
improved harvest efficiency

Keywords
	Economics, draper fronts, stripper fronts, harvest efficiency, crop residue.

Take home messages
	The most cost-effective means of increasing standing residue and improving harvest efficiency is 

increasing harvest height with existing machinery.

	Stripper fronts are an economic inclusion to harvest machinery where they replace draper fronts.

	Improved harvest efficiency drives adequate cost reductions to generate good returns on 
investment in stripper fronts. 

	The addition of any benefits achieved from additional income during a wet harvest by reducing 
the extent of quality downgrading adds further weight to an investment case.

	The projected returns in this analysis are sensitive to business scale. Reductions in scale lead to 
reductions in returns on investment.

	The assumptions are based on limited stripper front experience thus ground-truthing with more 
data will be required to draw conclusions specific to circumstance.

	The inclusion of a systems’ specific benefits and reductions in the cost of wet weather at harvest 
will further improve the investment case for change.

John Francis.

Holmes Sackett.
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Thus, plant residue management and retention 
is an important component of a system intent on 
conserving moisture for subsequent crop growth. 
The management of plant residues is an important 
component of the system adopted.

The height that cereal crops are harvested 
can impact on subsequent seeding practices. 
Conventional harvest height (30-40cm) can result 
in a significant proportion of the standing crop 
moving through the header and being redistributed 
over the paddock. This redistribution can lead to 
problems at sowing in disc seeding systems due to 
the redistributed straw being bent (hair pinning) and 
pushed into the furrow. This prevents soil to seed 
contact and reduces even crop emergence. 

To overcome this issue some managers have 
adopted alternative harvest management tactics. 
One of these tactics is to increase harvest height 
while another is to move from the use of a 
conventional header front to the use of a stripper 
header front. 

An explanation outlining how stripper fronts 
work relative to conventional harvest fronts 
and highlighting some of the advantages and 
disadvantages follows. This information is extracted 
from a paper of Broster, Rayner, Ruttledge and 
Walsh, 2018 (https://grdc.com.au/resources-and-
publications/grdc-update-papers/tab-content/grdc-
update-papers/2018/07/impact-of-stripper-fronts-
and-chaff-lining).

Stripper fronts use rows of fingers on a  
spinning rotor to pluck grain heads and pods 
from mature crop plants. Compared to cutting and 
collecting the grain-bearing plant sections like 
conventional header fronts, stripper fronts leave 
more stubble standing.  

By reducing the quantity of material being 
processed by the harvester, stripper fronts 
increase the speed and efficiency of harvesting. 
Anecdotal evidence suggests that stripper fronts are 
particularly effective in harvesting lodged and fallen 
crops, as the fingers can lift and remove the heads 
without the need for collecting large amounts of 
crop material.

The use of stripper fronts does have some 
disadvantages. Tall standing stubble carries 
increased fire risk and requires sowing equipment 
which can clear the stubble. Harvester settings need 
to be changed due to the decreased volume being 
processed, which requires some expertise and 
experience. A faster harvest rate can have logistical 
implications - for example; more grain trucks may be 
required to keep up with the harvester.

Economic comparison of stripper front with 
draper front

An analysis of the marginal costs and benefits 
of a harvest system with a stripper front relative 
to a harvest system with a draper front has been 
conducted. Trial data from the flexible stubble 
management project (Swan et al 2018) has been 
used for some analysis assumptions. Only the 
harvester and front costs and benefits have been 
considered in this analysis.

The comparison of the stripper front harvesting 
at a height of approximately 60cm (stripper high) 
has been made with a draper front harvesting 
at conventional height of approximately 40cm 
(draper low) and with a draper front harvesting at 
approximately 60cm (draper high) to maintain as 
much plant residue standing as is practical with a 
draper front. 

An identified constraint with harvesting high using 
a draper front is that it is improbable that the whole 
crop will be harvested at a height of 60cm. The 
reason for this is that a proportion of the crop usually 
presents harvest feeding difficulties. This has been 
dealt with in this analysis by assuming that 80% of 
the total cereal area can be harvested high while the 
remaining 20% must be harvested at conventional 
heights and speeds. 

One of the key advantages of raising harvest 
height is the ability to increase the speed of harvest. 
This improves harvest efficiency by increasing 
the number of tonnes per hour harvested. This 
occurs because the reduced residue requires less 
threshing thus more crop can be harvested at the 
higher speed. 

This advantage expresses itself in cost savings by:

1. Reducing depreciation. Fewer hours harvesting 
for the same harvested area results in 
additional ownership tenure with little marginal 
loss of machinery value.

2. Reducing repairs and maintenance. The 
reduction in the amount of crop residue moving 
through the threshing mechanisms of the 
header results in reduced wear and tear on 
some header components thereby reducing 
some repairs and maintenance costs. 

3. Reducing fuel costs. Fuel costs are reduced 
per unit of production and per unit of area due 
to the decreased horsepower requirements 
for threshing and due to the increased crop 
tonnage harvested per hour.

https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2018/07/impact-of-stripper-fronts-and-chaff-lining
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2018/07/impact-of-stripper-fronts-and-chaff-lining
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2018/07/impact-of-stripper-fronts-and-chaff-lining
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2018/07/impact-of-stripper-fronts-and-chaff-lining
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Table 1: Draper versus stripper front analysis assumptions.

Table 2: Comparative harvest equipment capital and depreciation costs.

4. Reducing labour costs. Typically, labour is 
charged on a rate per unit of time. Any  
increase in efficiency resulting in fewer hours 
for the same job therefore results in a labour 
cost saving. This saving typically applies to 
casual labour which is charged on an hourly 
rate. Savings in permanent farm labour are  
not realised unless that portion of saved  
surplus labour becomes unpaid or is  
employed off-farm.

Analysis assumptions are provided in Tables 1, 
2 and 3. Limited experience with stripper fronts in 
broadacre dryland crops forms the basis of some 

of these assumptions. Further experience will result 
in better quantification and greater confidence 
around the relative operational differences between 
header-front use.  

Table 3: Variation	in	header	performance	at	different	harvest	heights	and	fronts.
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The use of a draper front at high harvest heights 
reduces header hours by 10% and header costs by 
8% when compared to the use of a draper front at 
low (conventional) harvest heights. Given there is no 
capital cost to this change and significant benefit this 
should be the first step in improving standing plant 
residue levels.

The use of a stripper front at high harvest heights 
reduces header hours by 23% and header costs by 
21% when compared to the use of a draper front at 
low (conventional) harvest heights. The economic 
comparison should not be based on the change 
from the draper front at conventional height to 
stripper front rather the change from the draper 
front at increased height as this option should be 
progressed first.

The bottom-line
Given that there are large efficiencies to 

be achieved by moving from a draper front at 

conventional height to 60cm, and that there is little 
to no associated capital cost, this should be the first 
step in increasing standing residue retention.

Based on the assumptions in this analysis the 
marginal investment in a stripper front, assuming 
that it replaces a draper front, is $5,000. The 
annual benefit has been calculated by assessing 
the difference in costs between using a stripper 
front and using a draper front high. The marginal 
value of the increased operating efficiency over a 
3,000ha canola wheat rotation is $5.54/ha equating 
to $16,600 assuming the labour component is not 
a sunk cost. This generates a return on marginal 
investment of over 300% and suggests that the 
operating efficiencies alone are adequate to present 
a very good business case for investment. 

Where the draper front is retained and a stripper 
front acquired in addition, then the marginal 
investment increases from $5,000 to $123,000 with 
the same stream of annual benefits. This reduces 

Figure 1. Large time and cost efficiencies are achieved by increasing harvest height regardless of  
front choice.

Figure 2. The marginal benefit of moving from a draper to a stripper front is 15 percent in time saved and  
12 percent in cost savings.
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the return on investment to 6% which is just above 
the cost of debt funding.

This suggests that there is no business case for 
retaining a high value draper front if a stripper front 
has been purchased. The exception is where the 
marginal harvest efficiency results in quantifiable 
benefits during a wet harvest or where the stripper 
front brings quantifiable and unique systems’ 
benefits. Additional investment of a magnitude of 
$80,000 with no additional operating costs results 
in the rate of return falling to 15%. This suggests 
that there is scope for the purchase of a lower 
cost draper front or additional out-loading capacity 
provided 15% is still an acceptable rate of return. 

Wet weather benefits
Increasing height and improving harvest efficiency 

may also lead to reductions in the cost of weather 
damage when it occurs. The value of these marginal 
benefits has not been included in this analysis. 

For harvest efficiency to generate value by 
reducing the quantity of downgraded quality in wet 
harvests, management can’t stop at the header front. 
The improved harvest efficiency only generates 
value in wet weather if the outloading machinery is 
matched to the increased header capacity. In other 
words, there is no benefit in the header doing less 
hours if, from a weather damage perspective, it is 
consistently stopping and waiting to be unloaded. 

In some cases, this will mean that additional 
investment must also be made in chaser bins, 
mother bins and trucks. The extent of the required 
investment will depend on:

• The capacity of the existing machinery. 

• The marginal increase in capacity from the 
change in harvest height.

• The components of the outloading machinery 
that are owned by the operator.

While it is impossible to predict future events, it is 
possible to quantify the cost of weather damage by 
using historical records. Table 4 shows a process for 
estimating the economic value of weather damaged 
grain at harvest. The tool considers the annualised 
marginal cost of the downgrading in value which is 
dependant on: 

• The extent of the price disparity between good 
and weather-damaged quality, 

• the percentage of the crop affected, and;

• the probability or the occurrence of the event. 

In the projections shown in Table 4, with 20% 
probability of a wet harvest, the annualised cost 
over a 3,000ha crop with assumed yields shown is 
$18,630 per year. 

When considering the value of improved  
harvest efficiency to reducing quality damage in  
wet weather it needs to be noted that only a 
proportion of the cost of harvest weather damage 
may be offset. 

Table 4: The cost of weather damage is dependent on the extent of the 
price disparity between good and poor quality, the percentage of the crop 
affected	and	the	probability	or	the	occurrence	of	the	event.
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Systems’ benefits of harvest height
A systems-related benefit which is difficult to 

allocate specifically to the stripper front, is the 
contribution, over time, of additional standing 
residue to increased surface soil moisture. This, 
in theory, could generate more timely sowing 
opportunities with less emergence problems than 
systems retaining less standing residue. 

No attempt to quantify this benefit has been made 
in this analysis. If more-timely sowing was achieved 
over 5% of the crop area and a yield benefit of 5% 
was achieved as a result then it would deliver $7,031 
in additional crop value annually.

Other costs
One study found that grain losses where stripper 

fronts were used were far higher than those 
where draper fronts were used for harvest. User 
experience suggests that improving understanding 
of how the losses were occurring and investing 
time in better machinery setup prior to starting 
can minimise losses regardless of front. This is a 
management issue thus the cost of grain losses has 
been assumed to be no different regardless of the 
header front used.

Conclusion
The most cost-effective means of increasing 

standing residue and improving harvest efficiency 
is increasing harvest height with existing machinery. 
Stripper fronts can generate solid economic returns 
on investment where they replace draper fronts 
and where scale is adequate. They must however, 
be set up efficiently to achieve these benefits. The 
outcomes of this analysis are specific to this case 
study however, the process can be followed to 
establish investment returns where assumptions 
from this case study vary.
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Introduction
Grain growers can learn from other industries 

about risk and business management. However, 
when reading general articles on business planning 
and monitoring, it is worth noting that agriculture is 
the most volatile industry sector in the Australian 
economy. Agriculture is more than 2.5 times more 
volatile than the average of all industries and 
significantly more volatile than the next ranking 
industries of insurance and construction, which 
were 1.5 times the average of all industries (Keogh 
et al. 2011). Australian farmers face a higher 
degree of production volatility than farmers in any 
other Organisation for Economic Co-operation 
and Development (OECD) country. At the same 
time there is little buffering by price support or 
government assistance. Compared to other OECD 
countries they have equal highest price volatility and 
relatively low levels of direct and indirect income 
support from government (Kimura and Anton 2011). 

As grain growers have improved agronomy and 
access to better varieties, climate remains as a 
major risk. As an older farmer in the Mallee said 
‘We have beaten eel worm (cereal cyst nematode 
(CCN)), we are on top of weeds and nutrition, we 
have better varieties but we are still affected by 
frost and drought…what are you guys doing about 
it?’. The draft GRDC 2018–23 RD&E plan was 
widely circulated for input and discussion. This 
document placed significant emphasis on risk: 
‘Risk is an important part of the profit equation. 
Risk management that is too conservative can limit 

profit in above average production years while 
approaches that are too aggressive can expose 
the grower to equity issues that adversely impact 
profit and future operations.’ The plan included the 
research priority of ‘Improving the management of 
production and business risk’ (p15) and identified 
production risk as a major challenge for the 
Australian grains industry and listed future changes 
that might increase variability and production risk 
as a significant threat. The GRDC has funded two 
projects on climate risk that are particularly relevant 
to the SA grains industry.

Using seasonal forecast information and tools 
to manage risk and increase profitability in the 
Southern Region is a 21-month project (April 2018 to 
December 2019) with three main components:

• Extending the ‘The Break’ e-newsletter and 
video communication to cover the whole GRDC 
southern region. This will involve a South 
Australian, Victorian and Tasmanian version.

• Working closely with about 20 advisers from 
South Australia, Victoria and Tasmania through 
two workshops to explore if and how seasonal 
climate forecasts can be better incorporated 
into the management of grain farms. 

• Create a summary publication with case 
studies and worked examples to assist GRDC 
Southern region growers and advisers on the 
use of seasonal forecast information to better 
target crop inputs, manage risk and increase 
profitability.

Can climate science improve grain grower profit?

Keywords
 seasonal climate forecast, climate risk management. 

Take home messages
	Understand your decision context – is it more like chess or poker?

	Incorporate information from climate science into risk management and decision making.

	Over the past century, neutral climate drivers, like we have in 2018 have delivered a wide range 
of seasons. It is a mistake to assume neutral drivers result in a decile 5 season. 

Peter Hayman and Bronya Cooper.

SARDI Climate Applications.
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The project will be led by Graeme Anderson 
and Dale Grey from Agriculture Victoria. In addition 
to overall project management they will lead the 
extension of the successful ‘The Break’ suite of 
communication products across the Southern 
region. The development and running of the 
workshops with 20 advisers will be led by SARDI 
(Peter Hayman) working with Barry Mudge (low 
rainfall farmer from SA & Mudge Consulting) and 
Mark Stanley (Regional Connections).

GRDC is also a partner in the project funded 
by the Australian Government Department of 
Agriculture and Water Resources through the Rural 
R&D for Profit program Forewarned is forearmed 
(FWFA): equipping farmers and agricultural value 
chains to proactively manage the impacts of extreme 
climate events. This project is funding the Bureau 
of Meteorology to forecast extreme climate and 
weather events for a range of key rural industries 
including the grains industry. 

What is the essence of the problem caused 
by climate variability? 

Climate variability reduces farm profit directly 
through difficult seasons and indirectly by creating 
risky decisions. Drought, late starts, frost and heat 
have obvious direct impacts on farm profitability. 
The fortunes of grain farms and the communities 
that they are part of rise and fall with the seasons. 
A good season like 2016 in the SA grains belt 
allowed many people to pay down debts, invest in 
equipment and human capital whereas a difficult 
season like 2017 obviously leads to reduced profits 
and less investments. 

In addition to the direct losses, climate variability 
imposes a subtler impact on farm profitability. 
Because the coming season is uncertain, many 
growers will make the reasonable decision to apply 
lower rates of fertiliser, perhaps sow later in frost 
prone regions and grow less pulses and canola than 
is optimal for long-term productivity. These decisions 
are rational, but they do create a drag on long term 
farm profit. Even risk neutral decision makers are 
faced with a ‘moving target effect’ whereby it is 
hard to make the optimal decision for the coming 
season on crop area, crop type, variety, sowing 
time and input level when there is uncertainty about 
the coming climate. The uncertainty makes giving 
advice and following decisions challenging and, for 
many people, stressful.

Decision making with climate uncertainty – 
more like poker or chess?

Dr Annie Duke was unwell just prior to completing 
her doctorate in cognitive psychology at a high 
ranking US university. To cover her costs she 
decided to try professional poker. Twenty years 
and $6.4 million later, she combined her academic 
training and poker experience to write a book 
‘Thinking in bets, making smarter decisions when 
you don’t have all the facts’. She argues that it is 
important to decide whether the problem you are 
dealing with is more like chess or poker? Chess 
contains no hidden information and very little 
luck. The pieces and positions are there for both 
players to see, there is no roll of the dice that can 
make a bishop disappear. If you lose at chess, it is 
because there were better moves that you didn’t 
make. Poker is a game of incomplete information, 
of decision making under uncertainty. If you lose 
chess, I can assume the other player is better than 
you, but if you lose a hand of poker you may or may 
not be more skilful than your opponent. Both chess 
and poker have their attractions. Poker players will 
point to luck and uncertainty adding excitement, it 
also means that losing poker is easier on the ego 
than being beaten in chess. According to some 
recent research, you need about 1500 hands to 
be confident that one player is more skilful than 
another (https://theconversation.com/hard-evidence-
is-poker-a-game-of-chance-or-skill-39224). Most 
on-line poker players play about a hand a minute, so 
it takes more than 24 hours to be sure that you have 
more skill than luck. 

Annie Duke works with companies to make the 
point that good decisions will not always have a 
great outcome. A great decision is the result of a 
good process, and that process must include an 
attempt to accurately represent our own state of 
knowledge. That state of knowledge, in turn, is  
some variation of ‘I’m not sure’. She argues that the 
choice between two options is rarely a case  
of 50:50 or 100% sure. She laments the current 
media environment where politicians, pundits and 
experts seem to have no self-doubt and if anyone 
does express some doubt they are assumed to 
know nothing. 
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Managing the direct and indirect impacts  
of climate

There are a range of options that successful 
grain farm businesses use to minimise the impact 
of adverse seasons. These include accepting that 
tough seasons will occur and undertaking sound 
business management using income smoothing 
tools such as Farm Management Deposits (FMDs) 
and in some cases, insurance. A long term strategy 
to deal with difficult seasons is diversification 
both on farm (crop and livestock) and off farm. 
Improved varieties and agronomy have enabled 
growers to make the most of difficult seasons. 
Zero tillage, especially on lighter soils has led to 
some remarkably good crops in tough seasons. 
In addition, there is the ability to recover when a 
season turns bad by considering ‘safe fail’ rather 
than fail safe systems, for example grazing or 
baling a failed crop. Much was learned by growers, 
advisers and researchers during the millennium 
drought 2002 -2009. A good summary is  
provided by the GRDC 2008 Planning Guide for 
Low-Risk Farming. 

A careful reading of this guide shows that 
most of the recommendations are farm business 
and agronomy practices that are good to follow 
whatever the coming season. Recommended 
actions include developing an annual business 
plan, identifying the better and poorer paddocks, 
conducting a feed budget for livestock, controlling 
summer weeds, controlling fertiliser costs, carefully 
monitoring crops and pastures and planning 
marketing strategies. These all make up a useful 
checklist for people under the stress of a run of 
bad seasons but they apply to all farmers. These 
are more like chess strategies where it is easy to 
identify what is a good decision or best practice. 
That is not to say the outcome or benefit of following 
this advice is not affected by climate. The benefit 
of no till and controlling summer weeds will be 
more apparent in poor seasons (as 2008 turned 
out to be for some). Although the outcome is 
sensitive to climate, uncertainty about the coming 
climate doesn’t change the advice or decision. 
These are not climate sensitive decisions in the 
way that the appropriate rate of N topdressing 
is a climate sensitive decision. Table 1 compares 
farm management practices that deal with climate 
variability, the first column is more like advising a 
chess player, the second column more like poker. 
The farming game involves a bit of chess and a bit 
of poker. Information from climate science has more 
to offer decisions under uncertainty which are more 
like poker. 

There is a vast amount of advice and take-home 
messages written by researchers and advisers for 
grain growers and most of this is like chess moves. 
The best examples break a complicated problem 
down to a series of steps where the outcome is 
more or less guaranteed. This practical step by 
step approach has made an enormous contribution 
to sound agronomy. What is interesting is that 
even a problem like the appropriate N fertiliser 
rate in dryland farming tends to be written about 
as a chess move. Most of the discussion on N 
budgeting emphasises calculating the supply of N 
by soil testing and estimating mineralisation and 
then determining the crop demand by picking 
a single decile or target yield. There is often an 
acknowledgement that information on the coming 
season is unknown. However, in most of the vast 
amount of material on N budgeting, there is little 
formal, practical, step by step ways to consider 
this uncertainty. Much of the key material on N 
budgeting could be applied to an irrigated grain 
crop in the same way as a dryland crop. 

Seasonal climate forecasts will not influence all 
farm management decisions. When forecasts do 
have potential, they should not be seen as a tip for 
a horse race but rather as information that feeds 
into risk management. Perfect knowledge about 
the future climate would mean that there was no 
need to focus on climate as a source of risk. From a 
risk management perspective, it is useful to think of 
uncertain rainfall variability in three categories:

1. The variation in rainfall that we can predict now.

2. The variation in rainfall that we can’t predict 
now, but might be able to predict with future 
research and modelling power.

3. The variation in rainfall that we will never 
be able to predict even if we had unlimited 
funds and resources – this is the irreducible 
uncertainty.

The ratio between the variation that can be 
predicted and the variation that can’t be predicted 
changes from place to place and year to year. 
From looking at the skill maps from the Bureau of 
Meteorology the skill is highest in southern Australia 
in spring and lowest in early winter (http://www.bom.
gov.au/climate/ahead/verif/ ).

When there is an El Nino like the growing season 
of 2015 or a negative Indian Ocean Dipole like 2016 
the predictability of rainfall increases, whereas in 
years like 2017 and 2018 the lack of strong climate 
drivers makes prediction difficult. 

http://www.bom.gov.au/climate/ahead/verif/
http://www.bom.gov.au/climate/ahead/verif/
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 Farm management practice relatively insensitive to  Farm management practice sensitive to climate of 
 seasonal climate. coming season.
 ‘Good to do whatever the season’.  ‘Outcome depends on how season turns out’.

Example for illustration Maintain crop residue to improve WUE, reduce erosion risk Topdressing nitrogen at a rate higher than crop demand in 
  and tillage costs. an average to poor season 

Chess or Poker? More like chess	–	a	series	of	logical	steps	leads	to	improved		 More like poker	–	harder	to	distinguish	a	lucky	decision 
 WUE. Decision closely linked to outcome with little  from a good decision. Key information is hidden at time of 
 hidden information.  of decision. 

Is this part of  Yes, conservation farming is a major way that farmers Yes, matching inputs to the season is an important part of 
managing climate risk? manage climate risk.  managing climate risk.

Does the outcome	of		 Yes,	somewhat	–	although	there	are	benefits	of	stubble	 Yes,	outcome	strongly	related	to	season	–	extra	nitrogen	will 
the decision vary  retention in all years, the relative gains are greatest in be a better investment in average to good seasons. 
depending on the  dry years. 
coming climate?   

Is the optimum  No, decision is relatively insensitive to climate. Whatever Yes, decision is highly sensitive to climate. Regret arises 
decision sensitive to  the climate, regret about the decision will be low.  from either increased downside risk if drier than average or 
the coming climate?   missed opportunity if wetter than average.  
Will there be regret?  

Value of historical  Long term climate data might be useful to analyse long Helpful to work out risk and return over long term and 
climate	for	that		 term	benefit.	 before	using	a	seasonal	climate	forecast. 
location  

Interest in seasonal  Little value of SCF because it is “good to do Potentially high value because “outcome depends on how 
climate forecast (SCF) whatever happens.” season turns out.

Does	climate		 No,	decision	is	not	especially	difficult.	Practical	application	 Yes,	would	be	an	easy	decision	to	decide	on	input	if	there 
uncertainty make the  can be challenging. was climate risk (eg. irrigated crop). 
decision	difficult	 	

Nature of decision A more strategic rule that applies across many seasons. A tactical response to the coming season.

Ease	of	giving	advice		 Adviser	needs	to	tailer	advice	for	individual	client	finance,		 The	uncertain	season	means	that	outcomes	only	partly 
	 soil	type	etc.	But	an	experienced	adviser	can	be	confident		 correlate	with	the	decision.	Will	be	harder	to	distinguish 
 that procedure will work. good advice from bad advice.

Ease	of	measuring		 Relatively	straightforward	to	measure	extra	stored	soil	 Will	require	a	number	of	years	results	to	confirm	good	as 
success	of	advice		 water	and	subsequent	benefit	in	crop	yield.	 opposed	to	lucky/unlucky	advice	and	decision. 
and decision

Some	other	examples	 Many	examples	of	what	is	generally	considered	sound	 Trade-offs	between	options	with	higher	risk	&	return	to 
	 agronomy.	These	include	summer	weed	control,	timely		 those	with	lower	risk	&	return.	These	include	crop	choice; 
	 sowing,	matching	variety	to	sow	date	and	maintaining		 pulses	and	canola	vs	cereals	or	lentils	vs	field	peas.	Area	of 
 good rotations. cropping vs livestock, area dry sown in delayed start.

	 Business	management	including	diversification	both	on	 Whole	farm	examples	include	major	purchase	that	have	 
	 farm	(sheep	and	crops)	and	off	farm.	Use	of	income	 cash-flow	implications	or	the	decision	to	self-insure	or 
 smoothing such as FMD.  purchase insurance.

Table 1: Comparison	of	farm	management	practices	–	is	it	chess	or	poker.

Figure 1. Early June forecast for remainder of year based on key climate drivers.
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So what can we say about the rest of 2018?
Readers are strongly advised to get updates 

from the Bureau of Meteorology and the GRDC 
supported Break Newsletter (http://agriculture.vic.
gov.au/agriculture/weather-and-climate/newsletters).

At the time of writing (6 June), it is important to 
start with ‘we are unsure’. As shown in Figure 1, the 
climate drivers are neutral and current modelling is 
suggesting that they will stay neutral. 

Figure 2 looks at the chance of rainfall being in 
different decile ranges for ENSO, IOD and neutral 
years. This shows that neutral years have slightly 
less emphasis on rainfall at Snowtown, for ENSO 
and IOD category.   

Conclusion
As shown in Figure 2, the chance of being in 

the more extreme deciles of 1 and 2 or 9 and 10 is 
greatly affected when climate drivers are active. 
However, when climate drivers are neutral there is 
only a small shift in the odds. Growers and advisers 
should check for updates as the season unfolds. As 
Annie Duke points out, whether playing poker or 
making a business decision, the first step is to say 
‘I’m not sure’ but also to make sure you don’t stop 
there. Saying ‘I’m not sure’ is very different to saying 

‘I have no idea’ or ‘I know nothing’. In a variable 
climate, taking time and slowing down is important 
to improve the process of decision making (what 
is the best information available at the time, what 
outcomes are possible, how can we improve them).
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Figure 2. July to October historical rainfall (1900-2017) partitioned evenly into deciles across all years (top 
bar) at four locations, and the spread of these deciles found in the subset of years classified as El Nino, La 
Nina, Neutral El Nino Southern Oscillation (ENSO), Positive Indian Ocean Dipole (IOD), Negative IOD and 
Neutral IOD. 

 Return to contents

http://agriculture.vic.gov.au/agriculture/weather-and-climate/newsletters
http://agriculture.vic.gov.au/agriculture/weather-and-climate/newsletters
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THE 2017-2019 GRDC
SOUTHERN REGIONAL PANEL
JULY 2018

CHAIR - KEITH PENGILLEY 
 Keith was previously the general 
manager of a dryland and irrigated 
family farming operation at Conara 
(Tasmania), operating a 7000 hectare 

mixed-farming operation over three properties. 
Keith's role as chair of the Southern Region Panel 
finishes on 31 August 2018 at which time John 
Bennett will take up this role. The GRDC Southern 
Regional Panel identifies grower priorities and 
advises on the GRDC’s research, development 
and extension investments in the southern  
grains region.
M 0448 015 539 E kgpengilley@bigpond.com

DEPUTY CHAIR - MIKE MCLAUGHLIN
 Mike is a researcher with the 
University of Adelaide, based at the 
Waite campus in South Australia. He 
specialises in soil fertility and crop 
nutrition, contaminants in fertilisers, 

wastes, soils and crops. Mike manages the 
Fertiliser Technology Research Centre at the 
University of Adelaide and has a wide network 
of contacts and collaborators nationally and 
internationally in the fertiliser industry and in soil 
fertility research.
M 0434 765 574
E michael.mclaughlin@adelaide.edu.au

JOHN BENNETT
 Based at Lawloit, between 
Nhill and Kaniva in Victoria’s West 
Wimmera, John, his wife Allison and 
family run a mixed farming operation 
across diverse soil types. The farming 

system is 70 to 80 percent cropping, with cereals, 
oilseeds, legumes and hay grown. John believes 
in the science-based research, new technologies 
and opportunities that the GRDC delivers to 
graingrowers. He wants to see RD&E investments 
promote resilient and sustainable farming  
systems that deliver more profit to growers and 
ultimately make agriculture an exciting career path 
for young people.
M 0429 919 223 E john.bennett5@bigpond.com

PETER KUHLMANN
 Peter is a farmer at Mudamuckla 
near Ceduna on South Australia’s 
Western Eyre Peninsula. He uses 
liquid fertiliser, no-till and variable 
rate technology to assist in the 

challenge of dealing with low rainfall and subsoil 
constraints. Peter has been a board member 
of and chaired the Eyre Peninsula Agricultural 
Research Foundation and the South Australian 
Grain Industry Trust.
M 0428 258 032 E mudabie@bigpond.com

FIONA MARSHALL
 Fiona has been farming with her 
husband Craig for 21 years at Mulwala 
in the Southern Riverina. They are 
broadacre, dryland grain producers 

and also operate a sheep enterprise. Fiona  
has a background in applied science and 
education and is currently serving as a committee 
member of Riverine Plains Inc, an independent 
farming systems group. She is passionate about 
improving the profile and profitability of Australian 
grain growers.
M 0427 324 123 E redbank615@bigpond.com

JON MIDWOOD
 Jon has worked in agriculture  
for the past three decades, both  
in the UK and in Australia. In 2004 he 
moved to Geelong, Victoria,  

and managed Grainsearch, a grower-funded 
company evaluating European wheat and  
barley varieties for the high rainfall zone.  
In 2007, his consultancy managed the commercial 
contract trials for Southern Farming Systems (SFS). 
In 2010 he became Chief Executive of SFS,  
which has five branches covering southern 
Victoria and Tasmania. In 2012, Jon became a 
member of the GRDC’s HRZ Regional Cropping 
Solutions Network.
M 0400 666 434 E jmidwood@sfs.org.au

ROHAN MOTT
 A fourth generation grain grower 
at Turriff in the Victorian Mallee, 
Rohan has been farming for more 
than 25 years and is a director of Mott 

Ag. With significant on-farm storage investment, 
Mott Ag produces wheat, barley, lupins, field 
peas, lentils and vetch, including vetch hay. 
Rohan continually strives to improve productivity 
and profitability within Mott Ag through 
broadening his understanding and knowledge 
of agriculture. Rohan is passionate about 
agricultural sustainability, has a keen interest in 
new technology and is always seeking ways to 
improve on-farm practice.
M 0429 701 170 E rohanmott@gmail.com

RICHARD MURDOCH
 Richard along with wife Lee-Anne, 
son Will and staff, grow wheat, canola, 
lentils and faba beans on some 
challenging soil types at Warooka 

on South Australia’s Yorke Peninsula. They also 
operate a self-replacing Murray Grey cattle herd 
and Merino sheep flock. Sharing knowledge and 
strategies with the next generation is important 
to Richard whose passion for agriculture has 
extended beyond the farm to include involvement 
in the Agricultural Bureau of SA, Advisory Board of 
Agriculture SA, Agribusiness Council of Australia 
SA, the YP Alkaline Soils Group and grain 
marketing groups.
M 0419 842 419 E tuckokcowie@internode.on.net

KATE WILSON
 Kate is a partner in a large grain 
producing operation in Victoria’s 
Southern Mallee region. Kate and 
husband Grant are fourth generation 

farmers producing wheat, canola, lentils, lupins 
and field peas. Kate has been an agronomic 
consultant for more than 20 years, servicing 
clients throughout the Mallee and northern 
Wimmera. Having witnessed and implemented 
much change in farming practices over the past 
two decades, Kate is passionate about RD&E to 
bring about positive practice change to growers.
M 0427 571 360 E kate.wilson@agrivision.net.au

BRONDWEN MACLEAN
 Brondwen MacLean has spent 
the past 20 years working with the 
GRDC across a variety of roles and is 
currently serving as General Manager 

for the Applied R&D business group. She has 
primary accountability for managing all aspects 
of the GRDC’s applied RD&E investments and 
aims to ensure that these investments generate 
the best possible return for Australian grain 
growers. Ms MacLean appreciates the issues 
growers face in their paddocks and businesses. 
She is committed to finding effective and practical 
solutions `from the ground-up’.
T 02 6166 4500 E brondwen.maclean@grdc.com.au

T  +61 8 8198 8407
P  Grains Research and Development Corporation (GRDC)
 Level 1 | 187 Fullarton Road, Dulwich 5065, South Australia
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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

2017–2019 SOUTHERN REGIONAL 
CROPPING SOLUTIONS NETWORK (RCSN)

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 

LOW RAINFALL ZONE CO-LEAD: 
JOHN STUCHBERY

 John is a highly experienced, 
business-minded consultant with a 
track record of converting evidence-
based research into practical, 

profitable solutions for grain growers. Based at 
Donald in Victoria, John is well regarded as an 
applied researcher, project reviewer, strategic 
thinker and experienced facilitator. He is the 
founder and former owner of JSA Independent 
(formerly John Stuchbery and Associates) and is a 
member of the SA and Victorian Independent 
Consultants group, a former FM500 facilitator, a 
GRDC Weeds Investment Review Committee 
member, and technical consultant to BCG-GRDC 
funded ‘Flexible Farming Systems and Water Use 
Efficiency’ projects. He is currently a senior 
consultant with AGRIvision Consultants.
M 0429 144 475    E john.stuchbery@agrivision.net.au

HIGH RAINFALL ZONE LEAD: 
CAM NICHOLSON

 Cam is an agricultural consultant 
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

MEDIUM RAINFALL ZONE LEAD: 
KATE BURKE

 An experienced trainer and 
facilitator, Kate is highly regarded 
across the southern region as a 
consultant, research project manager, 

public speaker and facilitator. Based at Echuca in 
Victoria, she is a skilled strategist with natural 
empathy for rural communities. Having held various 
roles from research to commercial management 
during 25 years in the grains sector, Kate is now the 
managing director of Think Agri Pty Ltd, which 
combines her expertise in corporate agriculture and 
family farming. Previously Kate spent 12 years as a 
cropping consultant with JSA Independent in the 
Victorian Mallee and Wimmera and three years as a 
commercial manager at Warakirri Cropping Trust.
M 0418 188 565    E thinkagri@icloud.com

SOUTHERN RCSN CO-ORDINATOR: 
JEN LILLECRAPP

 Jen is an experienced extension 
consultant and partner in a diversified 
farm business, which includes sheep, 
cattle, cropping and viticultural 

enterprises. Based at Struan in South Australia, Jen 
has a comprehensive knowledge of farming 
systems and issues affecting the profitability of 
grains production, especially in the high rainfall 
zone. In her previous roles as a district agronomist 
and operations manager, she provided extension 
services and delivered a range of training programs 
for local growers. Jen was instrumental in 
establishing and building the MacKillop Farm 
Management Group and through validation trials 
and demonstrations extended the findings to 
support growers and advisers in adopting best 
management practices. She has provided facilitation 
and coordination services for the high and medium 
rainfall zone RCSNs since the initiative’s inception.
M 0427 647 461    E jen@brackenlea.com

LOW RAINFALL ZONE CO-LEAD: 
BARRY MUDGE

 Barry has been involved in the 
agricultural sector for more than 30 
years. For 12 years he was a rural 
officer/regional manager in the 

Commonwealth Development Bank. He then 
managed a family farming property in the Upper 
North of SA for 15 years before becoming a 
consultant with Rural Solutions SA in 2007. He is now 
a private consultant and continues to run his family 
property at Port Germein. Barry has expert and 
applied knowledge and experience in agricultural 
economics. He believes variability in agriculture 
provides opportunities as well as challenges and 
should be harnessed as a driver of profitability within 
farming systems. Barry was a previous member of the 
Low Rainfall RCSN and is current chair of the Upper 
North Farming Systems group.
M 0417 826 790    E theoaks5@bigpond.com

http://www.grdc.com.au


 
 
 

          SOUTHERN REGION 

 ADELAIDE 
Level 1 
187 Fullarton Road 
DULWICH SA 5065 

P: (08) 8198 8400 
E: southern@grdc.com.au   

 APPLIED R&D GROUP 
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You can now provide feedback electronically ‘as you go’. An electronic evaluation form can be 
accessed by typing the URL address below into your internet browser.

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

• Complete the survey on one device (i.e. don’t swap between your iPad and Smartphone 
devices. Information will be lost).

• One person per device (Once you start the survey, someone else cannot use your device to 
complete their survey).

• 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.

www.surveymonkey.com/r/Adelaide-FBU

WE LOVE TO GET 
YOUR FEEDBACK
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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 topics  

2018 Adelaide GRDC Farm Business Update Evaluation

3.  How to think about emerging technologies: Paul Higgins

Content relevance  /10 Presentation quality  /10      

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

4.  Stripper fronts and disc seeding: Tom Robinson

Content relevance  /10 Presentation quality  /10      

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

5. How would you rate your understanding of soil amelioration methods to break constraints on sandy 
soils before and after the review?

 Before After 

technical understanding /10 /10    

economic considerations /10 /10    

practical application /10 /10      

6.  Thinking about the soil amelioration review, please rate the overall content relevance and  
presentation quality.

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the review?
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7.  Whole farm enterprise economics – Case study long fallow in the Mallee: David Cann

Content relevance  /10 Presentation quality  /10      

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

8.  Evaluating how to maximise the returns in a mixed farming system with livestock: Jessica Crettenden

Content relevance  /10 Presentation quality  /10      

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

9.  Making climate sensitive decisions – how to test your perception: Barry Mudge

Content relevance  /10 Presentation quality  /10      

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

10.  Economic role of export hay within farming systems:  Mike Krause

Content relevance  /10 Presentation quality  /10      

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

11.  Managing & dealing with stress: Susan Brumby

Content relevance  /10 Presentation quality  /10      

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

14. This Update has increased my awareness and knowledge of farm business decision-making

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

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

Comments

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

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

Thank you for your feedback.

Your next steps

12.  Please describe at least one new strategy you will undertake as a result of attending this  
Update event

13. 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
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PAGE 10MODULE 04  Drift management strategies

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  
Pulse width modulation systems  
How they work and set-up  
considerations

SPRAY APPLICATION MANUAL FOR GRAIN GROWERS

Graham Betts and Bill Gordon

Module 11  Pumps, plumbing and components

How they can work together 

SPRAY APPLICATION MANUAL FOR GRAIN GROWERS

PAGE 7MODULE 08 Calibration of the sprayer system – ensuring accuracy MODULE 08 Calibration of the sprayer system – ensuring accuracy

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

PLAY VIDEO  

PLAY VIDEO  

GrowNotesSprayOutline_adA4.indd   1 14/02/2017   12:34 PM

http://www.grdc.com.au/Resources/GrowNotes
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