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Abstract
The time wheat is sown impacts on crop management and timing of phenology, which in turn have implications
for grain yield. It is therefore an important decision that farmers only have the opportunity to make once a year.
Time of sowing (TOS) has been the subject of recent agricultural research, with much of this research focusing
on the agronomic decision from a fairly narrow perspective. The current study opted to investigate this decision
issue from a systems approach in order to construct a broader understanding of the factors influencing the
decision, how they are interacting and the processes by which farmers are arriving at a decision. A series of
pilot workshops were conducted under a Grain and Graze 2 project, followed by seven interviews with farmers
from the high rainfall zone of south-west Victoria. It was found that while farmers generally experienced the
same influencing factors in their TOS decision (mainly rainfall, weeds, waterlogging, stubble management and
crop purpose), there was variability in these factors temporally and spatially. Farmers also differed in how they
arrived at a decision, often influenced by their level of acceptance of risk, human factors and their production
characteristics. This highlights the importance of understanding the individual farmer in extension of research
around TOS, as decisions are the result of complex interplay between various human factors, physical context
and business objectives. It is helpful for farmers to have an understanding of how they are arriving at a decision
to better inform decisions with an understanding of associated risks and highlight potential opportunities.

1

Acknowledgements

Thank you firstly to Bill Malcolm for his guidance and encouragement in supervising my project
Thank you to Cam Nicholson for the opportunity to be involved in the Grain and Graze 2 project. Thanks to he,
Danielle England, Jeanette Long and Bill Long for their willingness to share their expertise and experience.
Thank you to the farmers I spoke with who generously shared their time and experience.
Thank you to Ruth Nettle for her guidance with regard to the data analysis and thesis write-up.
Thank you to my family, Imogen, James, Francie, Emma, Ben and Anna for their support and grace over the
past eighteen months.
And most of all thank you to my Heavenly Father, the sustainer of life, without whom I would not be here.

2

1. Introduction
Farmers operate in the challenging environment, frequently making decisions that require technical knowledge
across disciplines and an ability to apply these in practice. This complexity is increased by the variability
experienced in agriculture, with it being the most volatile of Australia’s major sectors from 1995-2011 (Keogh
2013). Decisions must be made that accommodate the relevant agronomic considerations, locality factors,
business principles and are sustainable for the people involved in production. There is inherent risk involved in
these decisions, elevated by the volatility in agricultural production and high capital investment required.
The complexity of decision making environments in agriculture is often oversimplified in technical research,
with Pasour Jr (1993) identifying a ‘gap between the frontiers of knowledge (especially disciplinary research)
and the problems of society’.

He called for a shift from the rigid, technical approaches, which are

overwhelmingly represented in agricultural economics literature, towards heuristic applications. The objective
of the shift is to make publications more accessible and increase the effectiveness of research. Eastwood and
Kenny’s (2009) findings concur with Pasour Jr in describing the disjunct between the quantitative approaches of
the scientific community and the tacit, heuristic decision making practiced by many farmers.
The current project ascribes to this ideal by conducting agricultural research that investigates a technical issue
(time of sowing) from a systems perspective that is more flexible and grounded in reality.

The definition of a

system used in this paper is that presented by the FAO, namely that a system involves components united by
interactions and interdependencies that operate within boundaries towards a goal (McConnell and Dillon 1997).
The study’s objective is to create a framework through which agronomic decisions can be viewed to increase
transparency and informed decision making. Decision making and the role of risk and uncertainty will be
explored using relevant literature and data from workshops conducted by Grain and Graze. These will act as a
lens through which to view the agronomic issue of wheat time of sowing (TOS) in the high rainfall zone of
south-west Victoria.
The research questions to be addressed are:


What factors are influencing decisions surrounding TOS wheat on farms in south-west Victoria? What
are the interactions between these factors?



By what pathways are farmers arriving at TOS decisions? Specifically, what are the roles of research
and heuristics in these processes?
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McCown, Carberry et al. (2012) acknowledge the need for an understanding of behavioural sciences, humanities
and personal experience at the interface of information systems and intuitive decision making. The current
study seeks to conduct a discussion on decision making around TOS that sits at this interface by integrating
relevant literature and data from interviews and facilitated workshops. It will be an iterative process, where
theory is formulated from literature and focused by the pilot study workshops, before being validated with
farmer interviews.
It is hypothesised that viewing TOS decisions from a systems perspective, with an appreciation for the risks and
uncertainty involved, will validate farmer decisions as being a rational combination of heuristics and analysis,
with the main driver in decisions being the need to respond to climate variability.

1.1 Cropping in south-west Victoria
South-west Victoria has a history of production income primarily derived from wool production (Hacking
2006). Wool offered high returns up until the mid-1990’s, when prices dropped significantly. Crops had often
been grown to supplement the livestock income up until that point, and had also proved themselves useful to
‘clean up a paddock’ by allowing for better weed control before sowing pasture (Hacking 2006).
It was during the drought that lasted from the mid 1990’s to early 2000’s that cropping became more feasible, as
areas previously considered too wet received significantly less rainfall. A detailed analysis of the region’s
strengths, weaknesses, opportunities and threats (SWOT) was conducted by Southern Farming Systems (SFS),
identifying high rainfall as a key advantage over other traditional cropping regions in the Mallee and parts of the
Wimmera. Zhang, Turner et al. (2006) add that the longer and cooler growing season makes south-west
Victoria more conducive to cropping. Both these advantages of higher rainfall and longer growing season result
in the respective disadvantages of increased frequency of waterlogging and an extended period of frost risk
(Hacking 2006). Waterlogging can contribute to stunted plant growth and nitrogen deficiency which in turn
lead to a yield penalty (McDonald and Gardner 1987). Frost at ear emergence can cause substantial damage by
reducing grain number per head, leading to a yield penalty (Fuller, Fuller et al. 2007, Thoman, Finlayson et al.
2010).
The shift to cropping prompted increased research around cropping in the high rainfall zone, as the challenges
faced by farmers in the area differed from those of farmers in lower rainfall areas like the Mallee. The
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following paragraph is an overview of Bluett and Wightman (1999), describing the development of cropping in
the region.

SFS was founded in 1995 by six graziers seeking to diversify to cropping, with the support of the then
Department of Natural Resources and Environment. One of the initial challenges they sought to
tackle was that of waterlogging, with potential solutions identified including pipe and mole drainage,
raised beds, narrow raised beds and permanent raised beds. Narrow raised beds had been developed
primarily at the Institute for Sustainable Irrigated Agriculture in Tatura as a method for furrow
irrigation. SFS adopted the same technology but for the opposite reason, instead of filling furrows
with water for it to infiltrate soil and reach plant roots, they began using raised beds to lift plants
above the waterlogged strata and provide a channel for water to drain away under. Narrow raised
beds were initially trialled in 1996; in 1997 a total area of 300ha was under raised beds on 8 farms.
In 1999, just two years after narrow raised beds were first trialled on farms, the estimated area under
beds had increased 100 fold to 30,000ha.

Riffkin and Kearney (2008) note the improvement in drainage from raised beds as having facilitated increased
cropping regimes in the high rainfall zone of Victoria. A change in a system, such as incorporating raised beds,
has both positive and negative impacts that result in a shifted equilibrium. Positives include allowing for later
sowing, as paddocks are able to be trafficked for longer before getting too wet. This has implications for weed
control and planting later decreases frost risk. Negative impacts include the additional cost of forming beds and
decreased suitability of grazing as animal traffic deteriorates beds. Mixed cropping in the high rainfall zone is
associated with unique challenges and opportunities to many other low rainfall zone cropping areas, with
resulting unique risk profiles and decisions.
The literature review will draw on relevant literature to build an understanding of the theory behind risk and
uncertainty in farm management decision making before applying it to the decision problem of wheat TOS.
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2. Method
It was recognised at the beginning of the project that data collected was likely to be quite individual. It was
expected that there would be varying degrees of difference in decision making process as each farmer and
system is unique. Consequently, the intention from the outset was to conduct an exploratory study to describe
the phenomena of decision making on farms, rather than provide explanations.
The unit of analysis was ‘farms from south-west Victoria’ with individual farm managers interviewed as
representatives of the farm systems. The choice to investigate ‘farms’, rather than ‘farmers’, was a conscious
effort to avoid reducing the decision making to a single person which would fail to acknowledge system
complexity and other people involved in making decisions. Babbie (2013) discussed the potential error of
reductionism, warning that it occurs when a phenomena is explained in over simplified terms or concepts thus
limiting research explanations. The systems approach adopted in this study necessitates that everyone involved
in influencing the decision be recognised, however it may be that subtleties were over looked by not speaking
with multiple people involved on each farm.

2.1 Case-study methodology
A case-study methodology was identified being most appropriate for capturing the complexity of farm systems
and depicting how decisions are made within them. Crosthwaite, MacLeod et al. (1997) describe case-studies as
being useful for theory development; especially in systems that are complex, dynamic and have ill-defined
feedback loops. The nature of the project tended itself to an exploratory case-study, as it aimed to investigate
the nature of decision making and the resulting outcomes, without intending to identify causal relations between
variables (Crosthwaite, MacLeod et al. 1997). Case-studies enable real-life events to be empirically observed
whilst retaining their meaningful characteristics in a holistic manner (Yin 2009). TOS is a complex topic, with
feedback to the decision-maker being ill-defined as there are many factors influencing the final yield outcome.
Conducting a statistical study of a topic such as this, which has non-linear interactions, would be complex and
limit the number of independent variable able to be considered (McIntosh, Pook et al. 2007). Therefore, farm
case-studies were used to create a comprehensive picture of the decision process, noting the important factors
and the nature of changes in the process.
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Case-studies reveal the processes behind a particular situation, with (Yin 2009) describing ‘the essence of a
case-study, the central tendency among all types of case-studies, is that it tries to illuminate a decision or set of
decisions: why they were taken, how they were implemented, and with what result’. This consideration of
decisions complements the current study’s aims of investigating the usefulness of different decision making
processes in selecting a sowing date.
McIntosh, Pook et al. (2007) discuss the notion of equifinality or ‘plurality of cause’, rationalising the ability of
different cases to obtain similar outcomes by markedly different means. It was expected that the farms in the
current study would be operated using different decision making processes, but many would arrive at a similar
TOS, in an example of the concept of equifinality in action. The intention was to investigate the process of
decision making more than simply the TOS decision. The most effective means of gaining this depth of insight
was to interview farmers, with a pilot study to guide these interviews. Details of the pilot studies and interviews
are discussed below.

2.1.1 Pilot study workshops

Data from Grain and Graze workshops investigating rules of thumb in mixed-farm management was used to
refine the questions asked of farmers and to practice facilitating open-ended discussion. Three workshops were
conducted across southern Australia and Western Australia, with further details of the project and questions
asked included in appendix A. Workshops acted as a pilot study, which are characteristic of exploratory casestudies (Carberry, Hammer et al. 2000). Key comments from the workshops have however been incorporated in
the data analysis as a form of triangulation. It has not been included in the result section in an effort to keep the
pilot phase and data collection separate, as recommended by Carberry, Hammer et al. (2000).

2.1.2 Interviews

Interviews are an effective method of understanding a person’s subjective experience, although the intensive
nature of collecting data via open-ended interviews restricts sample size (Strachan 2011). The value of the
method is in providing authentic data regarding people’s experiences and decision processes. Consequently, the
sample size for this project was set at seven farmers as a feasible number of interviews to conduct whilst
avoiding parsimony.

A set of questions were formulated to define the interviews (appendix B), which
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functioned primarily to assist the interviewer without restricting discussion. In using interviews, there is
substantial room for biases on the behalf of the researcher and the participant. Utilising open-ended questions
relies on the interviewer’s ability to be flexible and guide the interviewee in dialogue that is both fluid and
informative. This is potentially very beneficial in providing depth of insight into targeted topics, though there
can be biases in poorly structured questions, selective responses and poor recall of details (Yin 2009).
In the current study, qualitative data was gathered from interviews with farmers regarding factors that influence
their TOS decisions.

They were asked to score the perceived importance of factors they identified as

influencing their decision making, yielding ordinal data that is more quantifiable.

This aligns with

recommendations by Murray-Prior and Wright (2001) to begin a study regarding the role of heuristics in farmers
responses to uncertainty with qualitative data and backing it up with quantitative data. Clark (1998) raises the
objection that qualitative and quantitative approaches are sometimes viewed as diametrically opposed. However
recognising the strengths of both approaches, and employing them accordingly makes good use of data.
Carberry, Hammer et al. (2000) recognises that case-studies lend themselves to both qualitative and quantitative
data methods. Qualitative methods ‘permit inquiry into great depth with careful attention to detail, context and
nuance; that data collection need not be constrained by predetermined analytical categories contributes to the
potential breadth of qualitative inquiry’ (Patton 2002). The quantitative aspect also assists in cross-case analysis
as it regards participants’ responses within constraints that enable measurement and statistical comparison
(Patton 2002). The combination of these techniques will create a robust basis for exploration of the process and
context in which decision making occurs.

2.2 Quality considerations
The complexity and individuality in each system means there is the potential for case-studies to lack rigour in
quality considerations and carries the danger of over generalising from a specific case to a broader population
(Kyburz-Graber 2004). This was a reflection on work by Yin (1994), who recognised that case-studies do not
conform to a traditional ‘hard science’ experimental design. However in a later book (2003), Yin recommends
placing case-studies into a scientific framework so as to emulate scientific methods. To ensure scientific rigor
and guide case-study research, Kyburz-Graber (2004) summarise Yin recommended framework according to
the following five criteria:
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Theoretical basis for research, involving research questions



Triangulation



Research follows a traceable chain of evidence



Data collection requires full documentation and



Case-study reports need to be compiled through iterative review

It was the intention from the outset of the current project to operate within these criteria to ensure scientific
rigour. A brief outline of how this was achieved is given below.

2.2.1 Theoretical basis
Developing a theoretical framework allows conclusions to be made from a data set and generalisations made. It
does so by stating the conditions under which the phenomena of interest is observed (Yin 2009). Specifying
these conditions and data basis is crucial for replication and transparency in reporting on data. The theoretical
basis for the current study, namely concerning TOS and decision making in complex systems, will be discussed
in greater length in the literature review.
In the discussion of the theoretical basis for their own research project, Gomez-Macpherson and Richards
(1995) note the importance of the case-study methodology in providing a protocol to guide their work. They
also saw the development of the protocol with in the study to be a product in itself. The current study does not
aim to contribute to case-study theory; however the theoretical perspectives associated with this theory, such as
holistic and contextual investigation, are formative in the study.

2.2.2 Triangulation
Patton (2002) describes four avenues for triangulation in research: data, investigators, theories and
methodologies. The current study addressed all four to varying degrees. Conducting multiple case-studies
enables the triangulation of data from different data points, a technique described by Yin (2009) as allowing for
cross-case conclusions. Throughout the project’s duration, discussions were held with the project supervisors, or
fellow ‘investigators’ to use Patton’s terminology, which aided in refining the conclusions drawn from the data.
It would have been beneficial to the validity of the topic to present a summary of findings to the farmers
interviewed for their feedback. Farmers were given a summary of the findings as part of the ethical conduct in
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the project; however there was insufficient time to seek their feedback and incorporate it in this thesis.
Theoretical triangulation was addressed in the consideration of both sympathetic and rival theories regarding
decision making and TOS in the literature review. Although multiple methodologies were not considered, the
data was both qualitative and quantitative in line with a mixed methods approach, as discussed previously.

2.2.3 Chain of evidence
Having a traceable chain of evidence is an important aspect of ensuring construct validity (Yin 2009). It is the
intention of this thesis to clearly convey theories found in relevant literature as well as those heuristically
formulated throughout the study and to signpost the data leading to their formulation. Providing a chain of
evidence is a form of accountability and a method of optimising internal validity. It also increases the heuristic
value of the work, with Hacking (2006) acknowledging subjectivity being useful in communication and
interpretation. Chains of evidence extrapolate this benefit, allowing readers to utilise their heuristics also in
making sense of the data.
Researchers cannot claim objectivity when conducting case-studies and the potential for their subjectivity to be
an interfering variable must be acknowledged (Hacking 2006). Is important to note the relationship between the
researcher and participant in order to clarify the researcher’s perspective and allow the audience to make an
informed decision regarding potential biases (Crosthwaite, MacLeod et al. 1997). This will be discussed in
further section 2.4 on sampling.

2.2.4 Documentation of data collection
The data collection process involving interactions with farmers, consultants and researchers was annotated and
important observations mentioned throughout this thesis. This documentation is a vital aspect of formulating a
chain of evidence at later stages and in enabling replication of the method. The objective of this documentation,
according to Yin (2009), is to make relevant documents available for later inspection by an interested audience.
Questions used in the workshops and interviews are included in appendices A and B respectively.

The

interviews from the farmer case-studies will be partially transcribed, with important remarks and observations
presented mainly in the discussion around TOS and some anecdotes in other sections.
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2.2.5 Iterative review
McIntosh, Pook et al. (2007) describe case-studies as being an iterative process, cycling through the study
design, data collection and reflection on data findings. They recommend this constant reviewing to ensure each
stage is consistent and integrated with the others. This project has been reviewed incrementally by the
supervisors throughout the duration of the data collection and writing process.
Iterative review can result in changes in the intentions of a study as different problems or opportunities are
discovered. Yin (2009) warns of changing research questions during this process as it can signal a shift in the
study’s orientation that requires changes to the study design. This was experienced in the current project, with
the original intention being to evaluate the economic merits of rules of thumb around TOS which were to be
identified through a series of workshops conducted by Grain and Graze. When reflecting on the original aim
after the workshops, it was realised that this methodology would perpetuate common generalisations made by
agricultural researchers about how they believe farmers are choosing when to sow, rather than investigating
decision processes in a system. The response to this concern was to change the study design to incorporate
farmer interviews, giving examples of decision making in systems, where broad generalisations could not be
made but existing theories could be tested and heuristic theories formulated. Thus, iterative review has played
an important role in ensuring scientific rigor in this project, by influencing its formulation and execution.

2.3 Sampling
Using interviews as a method lends itself to rich data from fewer sources (Strachan 2011). Seven farmers were
interviewed in the current study to balance breadth of data without sacrificing depth, with an overview of their
property, production and business characteristics presented in Appendix C. Patton (2002) identify snowballing
as a sampling procedure lending itself to identifying information rich, key informants. By utilising networks to
identify potential participants, more information is able to be collected than using alternative methods such as
contacting farmers known to the researchers or advertising.
A consultant involved with Grain and Graze in south-west Victoria contacted farmers known to him, inquiring
of their willingness to participate. Being well known in the area, he was able to selectively invite farmers with a
range of different enterprise mixes, life stage and land types. A private consultant from the same area also
extended the invitation to farmers known to him. Of the ten or so farmers he contacted, none were willing to
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take part in the study. The main reason given was the interview timing coincided with a busy time in their
spraying regime.
Researchers did not contact farmers directly; rather, the consultant extended a letter of invitation and plain
language statement to farmers. There were no responses to purely written communication, so the consultant
spoke with farmers to explain the nature of the project and participation. Farmers were clearly informed they
were under no obligation to participate, and doing so would not alter their relationship with either the consultant
or researchers. We found verbal communication to be far more successful in identifying interested farmers,
with all the famers verbally communicated with being willing to participate.
The data collected in the pilot workshops will be presented in the following sections on risk and uncertainty,
TOS and decision making to help shape the discourse. Interview data will be presented in the result section.
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3. Literature review
3.1

Risk and uncertainty
If little labour, little are our gains;
Man’s fortunes are according to his pains.
Robert Herrick (1898)

In an everyday sense, risk and uncertainty are often used interchangeably, both implying a negative consequence
of loss. However the economic definition of the terms, established by Knight (1921), differ in that the noun
‘risk’ is associated with a quantifiable probability and ‘uncertainty’ is the unmeasurable probability of the verb
‘risk’. In defining risk, Nicholson (2013) alludes to the Italian root of the work, risicare, meaning ‘to dare’.
High risk decisions have the potential to go wrong, but there is also the opportunity for gain which must not be
neglected. For every gain or positive outcome, there is the potential for loss, which when quantified we label as
risk.
Risk is increased by the volatility of agriculture, particularly Australian agriculture. Keogh (2013) analysed the
production and market risk of the Australian agriculture, with a few of the key findings summarised below.


Australian mixed farms (cropping and livestock) were the second most vulnerable of 15 leading
agricultural nations, with 86% more volatility than the average over a 48 year period.



Cropping in Australia was 100% more volatile than the average for the 15 nations analysed.



Agriculture was 134% more volatile than the average of 17 different sectors in Australia over a period
of 36 years.



Grains and oilseed production in Australia was the most volatile (95% above average) of ten major
agricultural commodities analysed over 48 years.

These high levels of volatility that lead to increased risk and uncertainty, prompt the continual evolution of
farming. Evolution in production is an attempt to overcome fixed constraints such as the spatial restrictions and
exhaustibility of land and uncertainties in weather; factors that distinguish agricultural economics as unique
from other specialty areas (Buchanan 1969). Incessant pressure to adapt puts farmers in the unusual situation of
operating under continuous high risk and uncertainty, with those possessing an entrepreneurial mindset
capitalising on this aspect of risk in an attempt to profit. Knight (1921) suggests that knowledge is a key
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business driver and is threatened by uncertainty. He uses this to rationalise the argument that to improve
economic systems, we must have an understanding of the nature and function of knowledge and an awareness of
areas of uncertainty.
The economic basis of risk and uncertainty has been and continues to be an area that receives significant
research interest. This thesis will continue in the vein described by Pasour Jr (1993), viewing economic
principles from a working perspective with the intention of showing their importance and means of
incorporating them in practical management of farm systems.

3.1.1 Moving from a position of uncertainty to measured risk
Uncertainty is more difficult to manage than risk as it is the same consequence but with an unknown probability
of its occurrence. Shifting from a position of uncertainty to risk by defining the probability of an event is
beneficial in making informed decisions. There are various ways for farmers to better understand risk in
decision making, ranging in formality and complexity to suit a range of personality types.

i)

‘What if? Analyses and Discussions’ (WiAD)

Carberry, Hochman et al. (2002) conducted an extensive evaluation of APSIM (Agricultural Production
Systems sIMulator) with farmers to investigate its usefulness as a decision support tool. One of the farmers
asked ‘what if I planted my crop at a more optimum time?’, and proceeded to use APSIM to model several
scenarios to understand the different levels of risk associated with a change in TOS. His question gave rise
to what Carberry et al. termed ‘WiAD’, a simple approach to better understanding risk that begins with
simply asking the right questions.

WiAD could be conducted in a variety of ways; APSIM is one

alternative and a fairly complex one that will be discussed further under decision making. A simpler means
could be just talking with other farmers and consultants about their own strategies or success of innovations
they have heard of.

ii)

Statistical descriptors

Statistical analysis often requires specialist skills and time, but can be very beneficial in informing decisions
around risk management. The form of values involved in analysis is important, as the amount and type of
information conveyed varies depending on the statistical descriptor used. Nicholson (2013) advocates for a
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shift from using averages to probability distributions, to better communicate the variability and therefore
risk associated with a decision.
Farmers experience variability first hand, with a farmer in the Adelaide workshop commenting that ‘you
never get an average year’. Averages can be useful in comparisons between options, however sensitivity
analysis is required to understand the frequency with which the average is actually received (Nicholson
2013). This sensitivity analysis could be a calculated value that conveys variability, such as standard
deviation or coefficient of variation. Probability distributions go a step further in describing skews in
values, and provide a visual representation of variability which can be useful in understanding relative risk
position. Cumulative distribution frequencies can similarly be used to better understand risk, as they show
the maximum and minimum values incorporated and the slope shows the probability of the values between
(Hutchings and Nordblom 2011).
Statistical analysis requires both data collection and subsequent analysis. Input data could be from farm
records or farm modelling, with the accuracy of the analysis being closely tied to the accuracy of the data.
A lot of farmers will keep farm records, but fewer actually use this data. A consultant at the Inverleigh
workshop recognised that ‘farmers don’t analyse their own results, they experience things and form their
own analyses. Knowing what to do with analysis can also be challenging, with farmers often having
difficulties translating probability distributions into scenarios with high levels of uncertainty (McCown,
Carberry et al. 2012) Training consultants in statistical analysis could be more efficient and realistic than

training farmers, as it would not require farmers to acquire more specialised knowledge.
Pasour Jr (1993) reflects on the difficulties of quantifying risk and danger of losing sight of the broader
picture in focusing on smaller details in the following excerpt.
The implication [for tool-orientated work] is that more attention should be given to “the economic way of
thinking” or intuitive economic analysis and correspondingly less devotion to formalism and mastery of technique.
Quantitative work tends to divert attention from the economic system itself to technical problems of measurement;
it also tends to depreciate the importance of entrepreneurial problems because no satisfactory way has been found
to handle Knightian uncertainty in formal models.

It is important for farmers to have ownership over decisions and be willing to accept the associated risks. If it is
that consultants are employed to analyse risk, it may be worthwhile compromising complexity with ease of
comprehension so as to improve transparency and better engage the farmer (Lane 1992). Farmer involvement is
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integral to optimise the effectiveness of statistical analysis around risk even though the analysis may be coming
from a consultant. For farmers to have ownership over a modelled scenario, Lane (1992) states that their ‘ideas
must not just be in a model, they must be seen in a model’. As with all analysis, it is only valuable if the
decision-maker deems it to be so. Statistical descriptors, particularly those with visual representations such as
probability distributions and cumulative distribution function, can be immensely valuable in better framing
farmers’ risk positions. Discussing statistical outputs can greatly increase their meaningful interpretation and
resulting learning for the farmer.

iii)

Learning from experience

Abadi Ghadim, Pannell et al. (2005) discuss the value of learning in reducing uncertainty, with even trials that
may appear to be failures being beneficial in helping farmers make better decision. They made several
recommendations for extension practices with the aim of decreasing risk and uncertainty, thereby improving
learning and technology adoption. These included:


Decentralise trials to utilise farms rather than a central trial sight



Create opportunities for farmers to view trials



Survey farmers to ascertain areas of uncertainty or misinformation



Discuss covariance in trials to give frame of reference for new technologies or strategies rather than
simply an average.



Collaborate with farmers, particularly early adopter, to capitalise on pre-existing knowledge pool.

Farmers’ experience of activities such as sowing is limited as it is not a year round activity. Participants at the
Inverleigh workshop identified the challenge this poses as farmer experience is limited to the number of years
they have been farming and the types of seasons experienced in that time. Other decisions may occur even more
infrequently, such as machinery purchase, herd expansion or investment in infrastructure. In such situations,
expert opinion becomes increasingly valuable in helping outline risks. Consultants at the Inverleigh workshop
noted that in having multiple clients from different farm systems, they witness a diverse range of decision
scenarios through which their experience is compounded more than the average farmer.
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3.1.2 Farmer attitudes to risk
Quantifying the probability of an event, thus moving from uncertainty to risk, is useful in better informing
decision making. The subsequent challenge is defining the degree of risk the individual farmer is willing to
accept. The level of risk farmers will accept is tempered by a host of factors and generally non-verbalised but
based on heuristics. The complexity of risk attitudes pose challenges for research, with Bond and Wonder
(1980) recognising the need for careful questionnaire design to reduce interpretation error and improve
consistency between responses given and day-to-day decisions. They quantified farmer responses and used
mathematical modelling to better describe risk attitudes. Although this is useful in allowing comparison and
succinct discussion, it reduces the accessibility of the research findings to practical applications both because of
the complexity that makes it difficult to understand and because it requires assumptions that can overlook the
nuances in such a complex topic as risk attitudes.

The current study adopted a predominantly qualitative approach to avoid this problem and in keeping with
assertions by the likes of Buchanan (1969) and Pasour Jr (1993) that agricultural economic research is most
effective when the focus is less on mathematical modelling and more on social aspects that help interpret the
broader picture.
Maintaining a broad perspective in agricultural economic analysis is in keeping with farmer approaches, with
Hutchings and Nordblom (2011) discussing the tendency for farmers to respond to long term risk rather than
make short term changes. This can result in the unfair assessment that farmers are hesitant to ‘break up
routines’ as they are less likely to make reactionary changes in the short term. Although there may be a
willingness to accept risk in the short term, it is reasonable to assume that most farmers will have a much lower
tolerance of risk that is reoccurring over a ten year period (Hutchings and Nordblom 2011). Consultants at the
Inverleigh workshop identified with this presupposition in recognising the different level of risk they experience
to farmers, naming it as a key reason for farmers’ hesitancy to change.
Risk attitudes can vary with past experience and the type of risk, succinctly described by Kahneman and
Tversky (1979) as being that ‘losses loom larger than gains’. Recency effect states that the more recent the
event, the stronger its influence on decision making (Long 2009). Farmers at the Adelaide workshop verified
this in their different approaches to risk around TOS. One farmer held firmly to the ROT that ‘you don’t sow
durum wheat until the June long weekend’. His reasoning was it suited his lifestyle and farm system well, as
well as reducing the period of expose to frosts. This stemmed from recent experience of frost damage that

17

severely affected his durum wheat yields. Another farmer on the same table did not have the same experience
with frost damage. This has led him to operating on a tighter system, narrowing his sowing window to aim for
the higher yields possible in a good year whilst being willing to accept the risk of crop failure the one year in ten
that he gets a frost.
The diversity in strategies for risk management is widely documented (Kahneman and Tversky 1979, Abadi
Ghadim, Pannell et al. 2005, Ariely, Huber et al. 2005, Moore 2009, Hunt and Thomas 2010, Nettle and Waters
2010, Long 2013) but for participants at the Adelaide workshop it was an element they found surprising. For
instance, discussing the topic of equity levels, it emerged that some farmers viewed high equity levels as reason
to be risk averse, while others saw it as opportunity to increase risk. There is no right or wrong way to approach
risk, but it is important for farmers to have an understanding of the level of risk they have accepted so their
decisions are best informed and their expectations realistic.

3.2

Decision making
There is no decision that we can make that doesn’t come with some sort of balance or sacrifice
Simon Sinek

Decisions are a function comprised of an agent’s goals, their beliefs about the environment and envisioned tasks
(McCown 2005). Consequently the processes by which people arrive at a decision are as diverse as the people
themselves.

We make decisions countless times a day, from the routine to more difficult.

McGuckian

summarises Snowden (2003) by naming three types of decisions: simple, complicated and complex. Simple
decisions are the easiest to make, with few variables and one correct choice. Complicated decisions are more
difficult in that there are multiple variables but the relationship between them is clear, with the potential to
employ expert opinion effectively. Complex decisions are the most difficult in that they are the point of
intersect for several complicated decisions, including human factors that make following ‘best practice’ less
than straight forward. This section shall address factors of complex and complicated decision in more detail
before discussing ways in which the relevant literature suggests decisions are made in complex farm systems.

18

Orasanu and Connolly (1995) recognised the potential for complexity in decision making when they outlined the
following eight characteristics that complicated decisions.
1. III-structured problems
2. Uncertain dynamic environments; that is information is incomplete, ambiguous or changing
3. Shifting, ill-defined, or competing goals
4. Multiple feedback loops
5. Time stress/constraints
6. High stakes
7. Multiple players
8. Organizational goals and norms vs personal choice
The very nature of complex decisions results in a disjunct between cause and effect, partially due to the multiple
feedback loops identified by Orasanu and Connolly. Dynamic and complicated scenarios result in blurred
feedback as to the agents responsible for change, a challenge that Hogarth (2001) terms a ‘wicked learning
structure’ as opposed to a ‘kind learning structure’. Snowden (2003) describes this tenuous link between cause
and effect as being the reason for difficulty in prescribing a ‘best practice’ to complex decisions.

He

acknowledges the value of ascertaining best practice, but fairly warns that it is no replacement for critical
analysis of individual systems.

3.2.1

Rationality in decision making

Our ability to respond rationally to a situation is closely correlated with its complexity and our knowledge level;
with Orasanu and Connolly (1995) identifying that as complexity increases and knowledge decreases, we are
more likely to respond irrationally. Decision making in agriculture is different to that of many other sectors in
that it functions within constraints imposed exogenously upon it (Pasour Jr 1993). Exogenous events increase
uncertainty and our ability to calculate consequences as they restrict our comprehensive understanding of a
situation. This short fall of omniscience was termed as ‘bounded rationality’ by Simon (1979). He was
awarded a Nobel Prize in 1978 for his research around decision making in economic organisations, where he
shifted the focus from the objective situation to the subjective decision-maker (McCown 2001).
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As decision situations increase in complexity, there is a decreased likelihood of the decision-maker having a
comprehensive understanding of both the exogenous and endogenous constraints. McCown (2001) describes
how we handle these limitations in decision making.
Motivated by our aspirations we undertake a subjective process that uses our (bounded) rationality to
find a solution that we can accept as satisfactory, either by changing [our objective, physical world] to
align with our [subjective, human] aspirations, or by adjusting our aspirations. Since we are incapable
of optimising, we pragmatically ‘satisfice’.
Consultants at the Inverleigh workshop recognised the trade-off between ‘best’ decisions and convenience, with
the potential to spend so much time and energy analysing a decision that either you miss the opportunity to act
at the optimum time. In this respect, the law of diminishing returns applies to analysis in decision making.
Gibb (2009) outline features of ‘good’ decision making, including that analysis may improve the exactness of a
decision, however the return for this accuracy may be diminished by the cost of the analysis and missed
opportunities. A consultant at the Perth workshop summarised this in stating that ‘perfection is redundant’ as
sometimes it is rational to make a decision than miss an opportunity.
In labelling some responses as ‘rational’ and others as ‘irrational’ a traditional decision making paradigm is
fostered, where the viewer is assumed to have a better informed and objective viewpoint than the decider. This
is a rather postmodern approach to the application of rationale in farming contexts, which Bereiter (1994)
cautions can lead to ‘hopeless relativism’. He does however acknowledge that approaching science with a
degree of subjectivism can provide opportunity for participant discourse and progression on a local scale. He
also defends the value of teachers, reasoning that they assist participants in framing the problem before them
and digesting the relevant science. In an agricultural context, this teacher role is often assumed by consultants
who are key in bridging the gap between formal decision support tools and practical application as highlighted
by Carberry, Hochman et al. (2002). There is a risk in teacher figures becoming un-relatable to the participant
because of the inequality in this relationship, with Lane (1992) noting some farmers will reject an expert opinion
either because they reject the expert’s authority or do not have a sense of ownership to the reasoning behind it.
Problems can arise when farm systems are observed externally on a surface level, as the idiosyncratic
characteristics that define each farm system can easily be overlooked. Nuthall (1999) describes how ‘most
efficiency studies look at technical and profit efficiency and rely on comparing one farm with another. The
variation is assumed to occur through misallocation and thus due to managerial efficiency failure.’ This is not to
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undermine the value of said studies, but rather to raise awareness of their weakness in describing individual
systems and potential to misinterpret data.
The potential dichotomy between seeming scientific and economic ‘rationality’ and actual farm practice is
explored by Long (2013) in his report titled ‘The logic behind irrational decisions’. He discusses several human
factors involved in decision making in farm systems, namely farmer stage of life, personality and emotional
state. Taking into account non-monetary factors changes the authority with which a decision can be judged as
‘rational’ or ‘irrational’ as it becomes a much more personal, individualistic process. Figure 1 depicts the
complex rather than linear nature of decisions, and will be utilised as a conceptual framework in the analysis of
results from this study. It shows heuristic methods (intuition, experience and ROT) as interacting with analysis
to arrive at a decision. A common response in the workshops when farmers where asked why they held a
particular ROT was that they ‘heard it and it made sense’. They were exercising heuristic methods to test the
appropriateness of new information before accepting it.

Figure 1 - Decision making paradigm, (Long, 2013 adapted from McCown)

The following sections will discuss how this subjective approach to decision making is contributing to the
analysis of decision support system (DSS) failure and the more recent interest in academic exploration of
intuition and ROT.
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3.2.2

Decision support systems
A model is a lie that helps you see the truth
Howard Skipper

Decision Support Systems (DSS) have been developed by scientists since the late 1970’s in an attempt to
increase adoption of new technologies and methods. They function on the premise that there are a host of
solutions to a particular issue, with the DSS aiming to assist in choosing the most appropriate or optimum
alternative. In their relatively short history, there has been an explosion of programs intended to aid farmer
decision making, followed by extensive documentation of their shortcomings.

McCown has contributed

significantly to the body of literature surrounding the topic, describing the intervention in decision making as
being ‘technically impressive, but socially naïve’ (McCown 2005).

FARMSCAPE (Farmers’, Advisers’,

Researchers’, Monitoring, Simulation, Communication And Performance Evaluation ) has been one of the most
comprehensive evaluations, gauging farmer responses to DSS, including APSIM, over a ten year period
(Carberry, Hochman et al. 2002). Several factors were identified from this, including the potential of DSS to
identify new opportunities and benchmark production.
This literature review will not dwell in depth on the place of DSS in agriculture as it has already been
extensively discussed by the likes of McCown (2001, 2002, 2005) , Carberry, Hochman et al. (2002) and
Eastwood and Kenny (2009).
Often the most valuable aspect of DSS is the learning they facilitate, with Eastwood and Kenny (2009)
describing them as helping ‘calibrate’ heuristics. This is echoed by McCown, Carberry et al. (2012) who
described this DSS-facilitated learning as ‘shifting along a cognitive continuum’. Their case-study investigated
farmers using a DSS to review their TOS decisions. They found that initially farmers utilised the DSS,
incorporating more analysis particularly around soil characteristics into their decisions. In figure 1, this is
represented on the right-hand side, where DSS is feeding into analysis. The learning afforded by this analysis
and experience from practicing it meant that over time there was a shift back to less formal methods. In the case
of analysing soil moisture, this involved moving from gravimetric analysis to a simple squeeze test.

A

consultant they interviewed commented on this that ‘you need a high degree of accuracy in the decision not a
high degree of accuracy in the measurement’.
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Another way of viewing this cognitive shift is what Lindenberg (1992) terms as ‘decreasing abstraction’.
Decreasing abstraction, previously known as ‘method of successive approximation of the truth’ involves starting
with theory and analysis for a narrow application and systematically broadening the focus. This occurs at the
expense of theoretical accuracy, but increases validity. Lindenberg (1992) attributed decreasing abstraction as
being a potentially valuable method of increasing rational decision making.
Both these approaches to DSS acknowledge the initial value of the system, with the real value being the learning
that comes through them which results in their decreased usage. Knowing how best to adapt information from
DSS to particular system can be challenging, with McCown, Carberry et al. (2012) accrediting intuition as
playing a large role in the translation.

3.2.3

The role of heuristics in decision making

Heuristics are defined by Kahneman (2011) as ‘a simple procedure that helps find adequate, though often
imperfect, answers to difficult questions’. He attributes them as ‘shotgun’ methods for helping in making fast
decisions that incorporate emotions. It is the left-hand side of figure 1 (intuition, experience, ROT) that depicts
heuristics in decision making. Heuristics are helpful in adapting more formal analysis to a practical application
and in acting as a start point for quick decision making (White 1999). This can be very valuable in agriculture
where people are pivotal to sustainability and success of production
This section will discuss the role of the heuristic methods of intuition, experience and rules of thumb in
assimilating the analytical components of decision making with human factors.

Intuition and experience
Intuition allows us to make decisions quickly, bypassing rational processes and relying on our ‘gut feel’ formed
through prior experiences (Long 2013). Consequently there is a link between our prior experiences and our
intuition leading into a decision, with good decisions requiring good experiences and information (Long 2009).
It was raised at the Perth workshop that there is a link between the types of seasons a farmer has experienced
and the type of decisions they make. Experiences such as major droughts or market fluctuations shape a
person’s intuitive understanding of their context.
White (1999) wrote a critique of intuitive decision making compared with more formal, analysis driven
approaches. He identified the value of intuition in providing shortcuts that speed up decision making and
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decreasing the need for specialist knowledge or technical skills. Shortcuts act as alternative routes that can gloss
over gaps in knowledge (Long 2013). This allows best-bet decisions to be made with our existing
understanding rather than rendering us immobile in the face of uncertainty.
Three key limitations of intuition, identified by White (1999) are as follows.
i)

Potential biases.
Decisions informed by consequences rather than analysis are not necessarily logically sound, as there is
a higher propensity for biases (White 1999). Overtime, intuition can become solidified as beliefs, with
the tendency being to look for information that will confirm our stand point. Karelaia and Reb (2014)
recommend mindfulness in decision making as being a key strategy in identifying and addressing
biases. They reason that being aware of how decisions are made can help individuals recognise their
emotions involved in decisions and the root cause of them, such as fear around uncertainty. Mindful
decision making can facilitate a shift from subjective to objective decision making. Consultants at the
workshops identified heuristics as being valuable in decision making, but that increased understanding
of what is behind these methods is important for consistently better decision making.

ii)

Overconfidence
Overconfidence is closely linked with confirmation bias, as there is the tendency to look for
information that fits with our intuitive understanding rather than considering counterarguments that
may challenge our assumptions. Learning is key in allowing farmer to form realistic expectations, as it
helps decision-makers discern whether they have been aiming too low or too high (Carberry, Hochman
et al. 2002).

iii)

Selective feedback
Feedback in complex systems such as agriculture is one of the challenges to decision making addressed
by Orasanu and Connolly (1995). Without formal analysis to challenge presuppositions, there is the
potential for decisions to be made based on what is thought to be true, reiterating the issue of
confirmation bias. With minimal or unclear feedback, information that may have otherwise led to
practice change is easily filtered out so that even the question of change does not arise (Murray-Prior
and Wright 2001). In a complex decision such as when to sow, there are many variables influencing
the final outcome of crop yield. Variables arise both internally (eg. weeds, crop purpose) and externally
(eg. rainfall, frost, heat stress), with the extent of their effects virtually impossible to distinguish.

24

Rules of thumb
Rules of thumb (ROT) are heuristic in nature and therefore have many similarities with intuition. Common
features include:


Simplifying decisions



Providing shortcuts to decrease analysis required to make a decision



Bridging gaps in knowledge

Rules of thumb are more tangible than intuition, as they can be verbalised and therefore shared. A consultant at
the Adelaide workshop commented on this, and expressed a sense of comfort in knowing he used similar rules
of thumb to other consultants and farmers. The affirmation of heuristic decision making methods is a growing
message in extension literature (Hunt and Thomas 2010, Jackson and Malcolm 2011, McCown, Carberry et al.
2012, Long 2013, England 2014).
This is not to say that ROT are infallible; they are similar to intuition in having the propensity for confirmation
bias. The incorporation of selective information leads to what Murray-Prior and Wright (2001) term as ‘friction
in the system’, as information that may bring about practice change is either filtered out or ignored. Comments
were made at all three workshops that expressed scepticism around ROT, despite participants spending several
hours identifying rules they use and unpacking them. The following are several of the comments capturing
participant’s attitudes towards ROT.
Rules of thumb are there to be broken
ROT aren’t a silver bullet, but a guide
Perfection is redundant
The real value in ROT is their provision of a start point from which to negotiate a decision. They are especially
valuable in situations where analysis is difficult because of uncertainty and ambiguity (McCown 2001).

3.2.4

‘Good’ decisions
I am not a product of my circumstances. I am a product of my decisions.
Stephen Covey
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There are many important factors that influence farm profitability, be it weather, soil types or enterprise mix.
More importantly though is how farmers respond to these profit drivers, with good farmer managers consistently
making better decisions than poor managers (Gibb 2009).
Farmers in south east Australia have significantly increased their production in past years, however van Rees,
McClelland et al. (2014) have commented that many of the leading farmers are in a position where they are
unable to further improve yields with current practices. They made two recommendations for how DSS could
be utilised to aid further production gains. The first was in guiding nitrogen applications to allow better
judgement of the risks around the benefits and cost. The second regarded decisions around when to sow and
variety type to use. These analytical approaches to improving decisions are what Long (2013) terms as ‘black
box’ technology, designed by analytical thinkers to reach decisions based on data collection.
Some of the value and draw-backs of analytical and heuristic approaches have been discussed previously, the
question that remains is how to capitalise decision making in combining the two?
Heath and Heath (2013), in their book titled ‘Decisive – How to make better choices in life and work’, discuss
four areas that can be addressed to help improve decision making.
i)

Consider different options
Farmers generally have a high level of pre-existing knowledge, gleaned from experience, reading,
workshops and the likes. How much farmers operate within this pre-existing knowledge or seek out
new knowledge is greatly influenced by factors such as their personality. It can be difficult knowing
how to approach new knowledge and how it can be translated into a real application. Heath and Heath
(2013) recommend discussing decisions with people holding opposing views to challenge our instincts
for more robust decisions.
Lane (1992) recommends seeking expert opinion to narrow the pool of information and saves farmers
time by capitalising on others’ analysis and experience. Consultants at the Perth workshop agreed,
recognising their advantage of observing decisions across a diverse array of farm systems.
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ii)

Testing your assumptions against reality
This recommendation can be broken into two areas, ‘testing assumptions’ and ‘understanding reality’,
with consultants often being better at the first and farmers at the latter. This disjunct poses issues in
communication, with one of the key reasons farmers reject expert opinions being the perception that
their analysis is too abstract and is inadequate in considering the complexity of the system (Lane 1992).
Consultants at the Inverleigh workshop put this as ‘advisors get upset when farmers don’t follow their
advice’.
Heath and Heath (2013) mention methods for testing assumptions such as ‘dipping your toe in’ and
‘zoom in and zoom out’. The first is a trial and error method, with the resulting learning helping hone
the decision-maker’s intuition. The second aids in viewing the decision in context and better allowing
for a proportional response.

iii)

Gaining perspective by distancing yourself from the decision
Gaining perspective is similar to zoom in and zoom out, but differs in that there is a temporal
component of considering future emotions and objectives (Heath and Heath 2013). Fear can be a
driving emotion in decision making, as recognised in the Inverleigh workshop. This can lead to risk
aversion which may be a healthy stand point, however having the perspective to recognise the
influence of emotions of a decision and the potential for these emotions to change over time can help
decision-makers respond more objectively to a situation.
Strategic planning is a useful method of gaining perspective on decisions. Long (2013) commented on
the value of farm boards in providing a platform for strategic planning as they provide accountability
and perspective.

iv)

Accepting that you will sometimes make wrong decisions
In acknowledging we do not always make good decisions, we are able to better identify potential
problems and manage them more effectively (Heath and Heath 2013). There can be the temptation to
deny the potential for failure, opting for a ‘glass half full’ attitude. However unrealistic expectations
are the precursors to disappointment. If you are prepared for adversity and failure, it lessens the
emotional turmoil if things do go wrong. When dealing with decisions that did not result in the
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expected outcomes, it can be helpful to view these as learning opportunities rather than regrettable
actions (Abadi Ghadim, Pannell et al. 2005, Gibb 2009).
Decision making ideally reflects the context, priorities and objectives of the decision maker; elements which
change with farmer stage of life and attitudes to farming (Nettle and Waters 2010). The topic of TOS was
selected as it can be analysed to determine an ‘optimum’ decision, however extraneous variables such as human
factors and system management increase its complexity beyond a purely agronomic issue.
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4. Results
Interview questions (appendix B) initially focused on factors influencing farmer decisions, zooming out as the
interview progressed to give a broader understanding of how these factors interact and are incorporated in TOS
decisions. The same approach will be used in presenting results; beginning with the factors discussed in the
interviews as impacting decisions before moving to the decision processes farmers were using. Individual
examples and quotes will be used where appropriate, with the rest of the presented data being a collection of the
main responses.
Farmers recognised the significance of TOS in their production; highlighted in Farmer E’s following comment.
Sowing date is our be all and end all.
The main factors identified as influencing decisions were subjective, physical considerations; these were
common across all case-studies with the exception of waiting on a contractor. Table 1 provides a summary of
factors and their implications for an earlier or later TOS. It is not an exhaustive list, but rather highlights key
considerations.
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Table 1. Key factors considered in selecting a time of sow as identified by seven farmers in south-west Victoria

Earlier sowing
Waterlogging



Enables the crop to be sown before the

Later sowing


paddock gets too wet for traffic



Allows time for in-crop spraying before

May miss out on sowing because
paddocks are too wet for traffic



Plants have insufficient time to

paddock gets too wet for traffic

establish prior to being waterlogged,

Crop is adequately established by the time

resulting in yellowing and stunted

paddocks get waterlogged, reducing the

growth. This has the follow-on cost

impact of waterlogging on plants

of decreasing crop competition with
weeds and pests.

Rainfall



Increased risk of crop failure if it is a false



break as seed germinates but there is

Decreases the risk of crop failure
from a false break

insufficient subsequent rainfall for good crop
development


Makes better use of soil moisture stored from
any summer rainfall

Weeds

Stubble

Crop
purpose/type



Allows for a longer growing season



Weeds may have not germinated prior to



Allowing weeds to germinate post

sowing, requiring more in-crop control which

autumn break before sowing enables

can be more expensive and less effective, or

a double spray application (double

having a dirtier crop

knockdown)



Narrows the grazing-stubble window



Stubble management is important for good

have been lifted prevents having to

contact of herbicides with weeds and slug

go through the hassle of applying for

control.

permits



Extends growing season, allowing crops to be





grazed more times during growing season

Waiting to sow until after fire bans

Wheat is a lower priority in sowing
than crops such as canola and pasture
seed, so may sow later just because
it’s more convenient

Frost

Heat





An earlier sowing increases the risk of frost



Contractors



A later sowing decreases the risk of

damage to the crop as flowering date is

frost damage to the crop as flowering

earlier

is later

Decreases the risk of heat stress during grain
filling

Weather
forecasting





Increases the risk of heat stress
during grain filling

Helps inform TOS decision based on understanding of the season to come, eg. expectation of a
false break
May be forced to sow earlier or later than preferable because of contractor availability
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The factors outlined in table 1 have been graphed (figure 2) to indicate the number of interviews they were
raised in and the relative importance to the individual farmer.

7

Number of responses

6
5
Not important

4

Not very important

3

Important

2

Very important

1

Most important

0

Figure 2. Factors raised by interviewed farmers as being considerations in their TOS decision, and their relative
importance

4.1 Rainfall
Six farmers named rainfall as being either ‘most important’ (n=1) or ‘very important’ (n=6) in their TOS
decision. Farmer F was the only interviewee who did not verbally mention the importance of rainfall timing,
how its importance was indicated in his operational decision making. Last year he missed sowing a paddock as
there had been too much rainfall by the time he was ready to sow, preventing him from trafficking the paddock.
To avoid a recurrence in 2014, he began sowing in the first week of April. Although he failed to name rainfall
timing as a factor, his decision was driven by the desire to sow before it rained too much.
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4.2 Waterlogging
Waterlogging is a significant problem for farmers in south-west Victoria, with Farmer B succinctly describing it
as his ‘biggest nemesis’. All interviewed farmers named waterlogging as posing a challenge to their crop
production, with the level of influence over TOS being ‘important’ (n=2), ‘very important’ (n=4) or ‘most
important’ (n=1).
An example of waterlogging in a wheat crop is given in figure 3. The paddocks shown were sown by Farmer
B’s neighbour on either side of a road. The left image was sown in mid-April, which allowed plants sufficient
time to establish prior to winter rains. The image on the right was sown in the first week of June, which Farmer
B reasoned provided inadequate time for seedlings to develop before the paddock became waterlogged.
Waterlogging has contributed to the stunted growth and yellowing most likely from nitrogen deficiency.

Figure 3. Paddocks sown to wheat near Birregurra, Victoria. Left: sown mid-April. Right: sown first week of
June and showing signs of stress from waterlogging (photo taken 13/8/2014).

4.3 Weeds
Weeds were considered by all seven farmers as either ‘very important’ (n= 4) or ‘important’ (n=3) in their
decision making. Farmer A commented that
It’s always being better to delay [sowing] a little bit and have a better knockdown.
Delaying sowing to allow for weed control was the key reason Farmer D does not sow winter varieties which
require an earlier sowing than spring varieties. Farmer C also named weeds as being the reason for him
avoiding dry sowing, however he would consider doing so if the season had not broken by his mother’s birthday
on May 17th. Weeds were not such a concern this year due to the timely break in the last week of April. Farmer
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C credited this timeliness with enabling good weed control from the start of the season, thus decreasing the
importance of weeds in his TOS decision this year.
Sowing too late can lead to problems, with Farmer B describing a paddock of pasture seed he sowed in the
second week of May that was impacted by waterlogging. The decreased competition resulted in infestations of
toad rush and other weeds, as well as preventing him from getting machinery on the paddock to control weeds.
These physical realities were similar across all the farms; it was the ways in which farmers consolidate these
considerations around weeds that varied slightly. Farmers A, B, and F rationalised the importance of a double
knockdown as being more efficient and effective than in-crop control of weeds. It was a common response to
be practicing double knockdown as a response to agronomist advice.
Chemical control of weeds was a widely practiced and recognised as an important management strategy, either
in double knockdowns prior to sowing or selective sprays in crop.

However farmers acknowledged the

possibility of controlling weeds in other ways. Farmer 5 considered weeds in his TOS decision, but he uses a
variety of control measures which reduces their influence. His integrated weed management (IWM) approach
consists of:


Using a higher sowing rate and narrower row spacing to increase crop competition with weeds



Dividing his property into blocks of paddocks which are treated as units in his rotation. This reduces
contamination between paddocks, lessens the effect of spray drift and increases ease of shifting
animals.



Burning windrows to reduce the seed bank

Farmer F is also considering a move to more integrated management approaches, after having attended a
workshop by the DEPI and Western AG discussing techniques such as chaff carts and windrow burning. The
different approaches to weed management in TOS decisions will be analysed more extensively in the discussion
section.

4.4 Stubble management
Stubble was mentioned as source of feed for livestock by four out of the seven farmers. These farmers referred
to the increased complexity of management associated with the overlap of livestock and cropping enterprises.
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Farmer C’s family farm was 50% beef cattle and 50% cropping, which he described as posing “massive”
problems in their management. This tension arose from cropping being favoured in allocation of better land
(more fertile, less waterlogged areas) and considerations around stubble management. In 2012, they cut a lot of
barley straw and made a good profit out of it as other feed was limited. They also cut barley straw in 2013 but
left a significant amount of residue in the paddock for grazing. The intention was to burn residue before sowing
however they could not get a good burn, leading to them sowing into considerable stubble load. They found the
increased slug populations associated with this stubble load were more costly than the straw income, as they had
to bait more and there was significant slug damage, especially in canola. Although there are potential benefits
from grazing stubble for longer, they were showing preference for crop production in cutting and burning to
allow for an earlier sowing and reduced slug burden.
For three of the interviewed farmers, the hassle of obtaining burning permits was reason enough to delay sowing
until restrictions are lifted. The fourth farmer, Farmer G operated in the Golden Plains shire, where restrictions
were lifted earlier than the more southerly regions where the other farmers were located. Consequently he did
not delay sowing out of consideration for fire restrictions as the other farmers did.
Instead of being influenced by fire restrictions, Farmer G’s stubble management is focused around grazing. He
identified canola as having the lowest nutritive value for stock; consequently he burns canola stubble first to
allow for longer grazing of cereal stubbles. The lighter soils found on his property mean slugs populations are
not as high as in other areas. These two elements reduced the importance of stubble management in his TOS
decision.
Farmer F was the other interviewee who mentioned stubble as being not very important in his TOS. This was a
reflection of his strategic decision to focus on cropping, preferring to compromise his livestock production to
optimise cropping decisions. He noted this may change as move towards prime lambs and away from wethers.

4.5 Crop purpose
The balance of livestock and crop enterprises pose management challenges, surmised by Farmer C in the
following quotation.
[I’d] love to not have animals on this property but [the livestock manager] would love to have the
cropping country gone and just have animals
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Examples of compromises in TOS due to the presence of livestock that emerged in the interviews were:


Sowing early to allow for grazing but at the expense of crop cleanliness (Farmer B)



Delaying sowing to allow for stubble grazing but increasing the risk of damage from
waterlogging (Farmer G)



Decreased use of raised beds as they deteriorate with livestock traffic (Farmer D)

In years where the break is late and feed is scarce, Farmer B was more likely to dry sow so he could use the crop
as an alternate feed source throughout the season. He recognised the compromise to crop cleanliness in dry
sowing as weeds germinate with the crop, making control more difficult. In the past he had also sown longseason varieties in spring, with his reasoning being that “people said [he] should think about changing variety”.
He commented on his spring sowing program that it “takes a bit to get your head around” and overall is a lot
more opportunistic than autumn sowing. Workshop participants in Inverleigh commented on the ‘void of
research’ around spring sowing, with some expressing scepticism as to its profitability.

4.6 Frost and heat stress
The area over which the interviewed farmers were spread is reasonably close to the coast, resulting in more
stable temperatures and a decreased risk of frost and early hot spells. Farmer A, who was the most southern
grower interviewed, noted that frosts are not a concern for him being within 40km of the coast. Farmer B has
two properties, one being south of the Princes Freeway where crops have never been affected by frosts, while
his property north of the freeway has a higher frost risk. Heat stress was also not a key consideration for
farmers, with their close proximity to the coast resulting in more mild temperatures over summer than
experienced further north.

4.7 Forecasts
All seven of the farmers interviewed described forecasts as being either ‘not very important’ or ‘not important’.
Farmer 5 reasoned that reliable forecasts would be very valuable to him however the prediction technology was
not accurate enough yet. The overall response was that they were responding to weather and adapting their
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short term management. Farmer A mentioned market forecasts as being more important in his decisions around
sowing than weather forecasts, with his choices of what to sow being decided up to 12 months in advance.

4.8 Contractors
Four of the farmers interviewed use contractors on their property. Farmer A and G use contractors but did not
name it as a factor in their TOS decision. Farmer G will generally do his own sowing but gets a contractor in
over harvest. A rule of thumb he inherited from his Father was ‘sow in the dust, harvest is a must’, which
intimates an urgency around getting the crop off at the right time but a more lax approach to sowing.
Farmers C and D mentioned contractors as influencing their TOS as they share the same contractor, with
machinery kept on Farmer D’s property. They alternate sowing early, with the farmer who sows early one year
having the later sowing in the second year. Farmer D described their good working relationship, with his
cropping overseer and Farmer C’s son being good friends, ‘going on fishing trips together’. He appreciated the
value of their relationship and accepted that they were not going to compromise it for the sake of a better sowing
date. There is flexibility in their arrangement, with Farmer D not wanting to sow early this year although it was
his turn, so Farmer C was able begin sowing earlier.
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5. Discussion and analysis

The research questions outlined in the introduction to be answered by this study were:


What factors are influencing decisions surrounding TOS wheat on farms in south-west Victoria? What
are the interactions between these factors?



By what pathways are farmers arriving at TOS decisions? Specifically, what are the roles of research
and heuristics in these processes?

The first question was addressed in asking farmers what influenced their TOS, with their response highlighting
the subjective, physical reality that was common to most farmers. These factors were mentioned in the result
section, with table 1 briefly outlining the interactions between the factors in either supporting an earlier or later
sowing date. The second question around decision processes will be approached using the conceptual
framework put forward in figure 1. By investigating these decision processes, a greater understanding of the
interaction between TOS factors will also be gained.

5.1 Spatial and temporal variability in decision factors

It became evident from the farmer interviews that decision making can change with time and location. The
influencing factors themselves vary, with implications for generalising from research findings and farm
practices. This will be explored through the examples of timing of the season break and waterlogging.

5.1.1

Variability around the autumn break

The top factor farmers mentioned in choosing a TOS was rainfall. The emphasis they placed on this was
validated by Pook, Lisson et al. (2009) who discussed the importance of both quantity and timeliness of rainfall
in meeting crop demand throughout the growing season, with variability posing difficulties for planning . A rule
of thumb that emerged at each workshop was ‘expect the autumn break around Anzac Day’. The timing of
season breaks in south-west Victoria from 1889-2012 was graphed for south-west Victoria (figure 4.), using the
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definition of autumn break put forward by Pook, Lisson et al. (2009). This variability in break timing,

Number of years the season
broke on a particular date

combined with perceptions of unreliable forecasts, creates an uncertain environment for decision making.
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Figure 4. Timing and frequency of ideal breaks at Barunah Plains and Winchelsea from 1889-2012. Day
60=March 1st, day 150=May 30th. Dashed line marks Anzac day in non-leap years. (Data source: SILO data)

Dry sowing is a management option that enables sowing to begin earlier and according to a schedule rather than
being dictated by rain events (Pook, Lisson et al. 2009). Increasingly farmers in the north-west of the state are
dry sowing to capitalise on summer rains and time crop flowering to coincide with spring rain (Hunt,
Kirkegaard et al. 2014).
Farmer C commented that he would consider dry sowing if it had not rained by his mother’s birthday on May 17
and Farmer E said he would consider dry sowing when he gets a new seeder with different press-wheels.
However most farmers interviewed did not frequently dry sow, as the longer season experienced in the southwest affords greater flexibility in sowing date, and they will unwilling to accept the risk of a false break and
increased weed infestations associated with dry sowing. Weeds and false breaks are also issues in dry sowing in
the Mallee; however being a low rainfall area the risk profile is different. This spatial variability in production
conditions leads to variability in the appropriateness of research. Although there are carry-over messages for
south-west Victoria from work in the Mallee, there can be substantial differences which may impact the
relevance of research.
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5.1.2

Variability around waterlogging

No grain is ever produced without water, but too much water tends to spoil the grain. An inundation is
as injurious to growth as dearth of water.
Narada Smriti XI, 19

South-west Victoria differs from many other cropping regions in having significant issues with waterlogging
due to the region’s high rainfall, with mid-1990’s drought making cropping in the area more feasible due to the
decreased incidence of waterlogging. Riffkin and Kearney (2008) estimated that 2.5 million hectares of grazing
land in south eastern Australia could be used for cropping but for its predisposition to waterlogging, which
Zhang, Turner et al. (2006) recognise may be the biggest challenge to cropping in the region.
Field trials have found there to be a significant relationship between waterlogging in the 30 days prior to
anthesis and grain yields, with every 1% decrease in air-filled porosity of soil resulting in a reduction of 0.29t/ha
(r2= 0.83, P<0.05) (McDonald and Gardner 1987). Responses of wheat varieties to waterlogging have been seen
to be inconsistent, potentially a reflection of other influences including soil properties and waterlogging duration
and depth (Bond and Wonder 1980, Yaduvanshi, Setter et al. 2012). McDonald and Gardner (1987)
recommended growing longer season varieties in areas prone to waterlogging. This has the advantages of
enabling earlier sowing to avoid water damage to seedlings and delaying anthesis so it occurs after waterlogging
in late spring. Sowing early is more appropriate in non-frost prone areas, as it also maximises radiationinterception during winter and limits heat stress during grain filling (Zhang et al., 2006).
Farmers interviewed recognised the importance of waterlogging in selecting a sowing date (see section 5.2),
with a common management strategy being sowing into raised beds (Farmers C, E and G). For other farmers (A
and B), the risk crop failure due to waterlogging was too high leading to an almost complete reversion to
livestock production, a response that will be discussed more in section 6.2. Waterlogging is a spatially relevant
consideration that is not as great a concern for growers in lower rainfall areas, evidenced by its lack of
representation in whole-farm research conducted the low rainfall zone, such as the work by Hunt and Thomas
(2010).
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Researchers at the Inverleigh workshop observed that cropping is relatively new to the region. From this they
drew the conclusion that some management practices and rules of thumb used in the area may have been
adopted from other cropping regions and may not be as appropriate.

This reiterates the importance of

understanding the reasoning behind decision making to ascertain whether it is the most suited decision to that
area and time.

5.2

Decision processes in TOS

To better understand the process of decision making, figure 1 has been appropriated to the decision scenario of
weed control in relation to TOS. It has been used as a conceptual framework to analyse the place of weed
management in TOS decisions, with diagrams 1 and 2 depicting two approaches that arose in the interviews.
The paradigm has been adapted by collating ‘rules of thumb’ and ‘intuition’ under the heading ‘heuristics’ and
including ‘enabling mechanisms’ as farmers generally mention requirements for a decision to be feasible.
Diagram 1 represents the approach of the majority of farmers interviewed, whereby sowing is delayed to allow a
double-knockdown of weeds that germinate with the autumn break. The human factors on the left hand side of
the diagram are drivers in the decision to delay sowing. The farmer’s experience of false breaks leading to poor
weed control in crop has validated his heuristic understanding of the problem: that it is worthwhile waiting for a
double knockdown prior to sowing.
The weighting placed on human factors (left side of the diagram) versus analysis (right side) differed between
farmers. For instance, Farmer A reasoned his decision based on his experiences and intuition around crop
management. Farmer F on the other hand simply followed the advice of his agronomist to spray weeds twice.
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Human factors
Value convenience,
familiarity and
security
Trust in consultant
Fear of yield penalty
from weed
competition

Diagram 1. Decision process undertaken by Farmers A, B, C and G in choosing to sow later and practice a double
knockdown of weeds. Quotations are from Farmer A. Diagram is based on Long’s (2013) adaptation of McCown.

Diagram 2 portrays Farmer F’s approach to weed management and TOS. He did sometimes use a double
knockdown; however he was not as heavily reliant on this practice as the farmers in diagram 1. Instead, he used
an integrated weed management (IWM) approach that incorporates multiple control strategies including those
listed in section 5.3, which reduced the importance of weeds in his selection of a sowing date. Brooke and
McMaster (2014) suggest the following additional measures as options in weed control:


Use weed-free seed



Adequate nutrition for vigorous crop growth



Timely mechanical cultivation



Harvest weed-seed management, such as chaff carts



Appropriate herbicide control, such as rotating herbicide groups to manage weed resistance

Break crops are another key control strategy, with Birchip Cropping Group finding there to be a significant
difference in weed population between rotation treatments (P<0.001) (Ferrrier 2014). The most common break
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crop in south-west Victoria is canola, with Farmer G identifying genetically modified canola as being central to
his weed management strategy.

Diagram 2. Decision process undertaken by Farmer E in choosing to implement integrated weed management.
Diagram is based on Long’s (2013) adaptation of McCown.

IWM is a trait of top farm business managers (Stretch 2014) and is a more intensive practice, so the human
factors on the left are important as they are the farmer’s motivation for implementing an integrated approach.
Farmer F’s decision to practice IWM, stemmed from his desire to reduce his reliance on chemicals whilst still
fearing weed competition with the crop. Analysis was integral in informing his IWM practices, but there needs
to be a primary interest on the farmer’s part otherwise the advice of agronomists and consultants will not be
heeded. In his experience, sowing is a very important decision to be made. By decreasing the importance of a
key factor in the decision, he simplifies the decision and allows for a more timely rather than opportunistic
approach to sowing.
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5.3 Farmers’ risk management in TOS decisions

The pain of loss is twice as great as the pleasure of an equivalent gain.
Kahneman and Tversky (1979)
Farmers’ decisions are commonly motivated by fear of loss, whether it is of loss of yield from weed
competition, financial loss from investing in a new seeder and the kids not returning to the farm or loss of
livestock productivity from not having crops or stubble to graze. Increased risk around decisions promotes fear,
leading to farmers looking to reduce risk and consequently fear as well. Some examples of risk mitigation
strategies from the interviewed farmers included the following.
i)

Using agronomists.

Some farmers’ relied more heavily on agronomists to guide their decisions, voiced by Farmer F as being that
their ‘agronomist had said to do it’. The farmers using this approach were working on the farm either under
their father (Farmer C) or as a cropping overseer under the farm owner (Farmer F). With multiple decision
makers on the farm, it may be that for these farmers, using an agronomist defers the responsibility of the
decision and decreases tension in on-farm relationships. Participants at the Inverleigh workshop identified
using consultants in decision making as being a strategy for self-preservation. They acknowledged that
ultimately farmers need to take ownership of the decision, as they are the one to accept the risk, not the
consultant.
In the words of Farmer E, agronomists can be helpful to ‘bounce ideas off’. This implies attaining the
perspective from someone not as closely associate with the problem rather than simply deferring the decision
to the agronomist. Having emotional distance lends itself to greater analysis and subjectivity in a decision.
Ultimately it is the farmer that must decide how to incorporate information from the agronomist with their
own heuristics and human factors. This interaction of heuristics and analysis is illustrated in diagram 1 and
2 and is in keeping with the assertions put forward by Lane (1992) .

ii)

Seeking out information to better inform decisions.

The value of learning in improving decision making and helping the decision maker better understand risk
was discussed in section 3.1, for further information on the theory see Abadi Ghadim, Pannell et al. (2005).
Interviewed farmers mentioned seeking out information to inform decisions, besides using agronomists as
already mentioned. Sources identified as helping with decision making included:
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Scientific papers (Farmer B)



Workshops and grower groups (Farmer D, E, F and G)



Talking with other growers (Farmer A and E)

Farmers used information gleaned from these sources to better understand available options and risk
associated with decisions.
ii.

Operating within familiar territory.

As the old adage states, ‘better the devil you know than the devil you don’t know’. Familiarity with
operations allows for a growing understanding of the risk involved, as heuristics are refined through
experience and time.

New practices involve greater uncertainty as there is less understanding of the

likelihood of an event, which can lead to a resistance to change. A researcher at the Perth workshop
commented that farmers operate on a ‘cliff face mentality’, often resisting change until they are backed up
against a metaphorical cliff and have to change. Murray-Prior and Wright (2001) term this resistance as
‘friction’, which was discussed in section 4.3.2 with relation to heuristics. This casts a negative light on the
decision to not change, when inaction is a decision in itself and can be a good one given the right
circumstances. It is important for farmers to not procrastinate making a decision, but recognise inaction as a
decision itself.
For instance, Farmer E is around 80% crop, 20% sheep and has been for some time. He expressed interest in
increasing his livestock production; however his expertise and that of his worker are in cropping. To
capitalise on this comparative advantage, he has decided to not change yet, maintaining his crop focus for a
while longer. An alternative would have been to look for another worker with greater livestock experience.
His decision to keep the current worker and focus on cropping is strongly influenced by loyalty to his
worker, who is 72 years old and has worked with the family for 18 years. Understanding the reasoning
behind such a decision helps illuminates the ‘logic behind irrational decisions’ (Long 2013).
iii)

Reducing crop production and increasing livestock production

Agriculture in south west Victoria has typically focused around livestock enterprises, mainly due to the high
rainfall and low evaporation rates leading to waterlogging (Hacking 2006). Farmers A and B mentioned
moving into cropping with the drought in the mid-1990’s, in keeping with Hacking’s (2006) assertions. This
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proved profitable for a few years, however with the break of the drought they have both returned to livestock
and some pasture seed as described below.
Farmer A: I was predominantly crop in the years I was at uni and soon after, but after a few wetter
winters it just got too hard, too wet in the winter
Farmer: We were cropping very successfully [during the drought years], but traditionally it’s always
been wet high rainfall country and cropping’s never been really achieved to that extent. It was only a
period of those 10 or 12 dry years… After 2 or 3 reasonably wet years with too much disaster on the
cropping front we thought we just better slide out of this coz it’s too costly
Aversion to the risk associated with cropping was documented in Nicholson’s (2013) reflections on Grain and
Graze 2, where a farmer commented “If I’d known then what I know now, I would never have gone so hard into
cropping”. Cropping has the potential for significant losses but also significant gains, in keeping with the
definition of risk used here. The bigger the dare, the more there is to both loose and gain. Some farmers were
willing to accept a bigger dare, however for Farmers A and B the risk was too high so they reverted to a lower
risk profile operation involving livestock.
iv)

Changing varieties to manage time of sowing

SFS recommends using several varieties with difference season lengths to capitalise on sowing opportunities
over a longer sowing period (Paridaen and Hunt 2013). Interviewed farmers had differing approaches to their
sowing window, with some operating on fixed dates (Farmer B and E) whilst others were more opportunistic
(Farmers C, D and G). Reasons for these approaches differed, ranging from wanting routine throughout the year
for the former farmers, while the latter were driven by contractor availability and operating an old seeder that
slowed sowing.
Utilising a range of varieties enables greater flexibility in sowing date whilst still optimising yields. It does
however have implications for management complexity for the remainder of the season. Farmer C identified
that they previously planted a range of varieties, but the additional work in having to change spray mixes
between paddocks and increased margin for error has resulted in their shift back to a simpler sowing regime.
Although this can mean lower yields as varieties may not be as suited to the sowing time, the simplified
management and decreased risk of error was adequate reason for them to make this decision.
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Different varieties also afford different opportunities, such as the grazing of crops. Winter wheats have been
heralded as a major step toward improved farming efficiency by enabling grazing of crops and a longer growing
season (Hacking 2006, Zhang, Turner et al. 2006, Dove and Kirkegaard 2014). South-west Victoria has high
potential for grazing crops, with the frequency of suitable years for dual-purpose crops between 1957 and 2006
at Hamilton, Lake Bolac and Winchelsea being 88%, 82% and 86% respectively (Moore 2009). It is however a
complex decision, with influencing factors including price ratios between cropping and livestock, flexibility in
grazing pressure and weed management options (Moore 2009, Paridaen 2013).
The farmers interviewed mentioned weeds especially as being reason for them to not sow winter varieties and
avoid dry sowing (Farmer D and C). Farmer B commented that in years with a late break, he is more likely to
sow dry and use the crop as an alternative feed source. He recognised the associated cost of crop cleanliness;
however it was a trade-off he was willing to make when the season forecast indicated feed would be scarce.
Sowing different varieties is one way of spreading risk in sowing time, as well as affording opportunities in
grazing of crops. It causes a shift in risk throughout the growing season, with management choices needing to
take these differences into consideration. Farmers indicated they were aware of the benefits and risks and were
making decisions according to their experience and recommendations given to them by trusted persons.

5.4 Barriers to adoption of an earlier TOS
In recent years, SFS has advocated early sowing of appropriate varieties (Paridaen and Hunt 2013). Their
recommendation is based on trial yield increases under earlier TOS that they attribute as resulting from
overcoming waterlogging constraints, reduced invertebrate pest damage and the ability to graze crops.
They categorised sowing strategies into the following three classes:
1.

Sowing winter wheats from late April onwards

2.

Sow slower maturing spring wheats from late February to April

3.

Sow mid to fast maturing varieties from late April onwards, with the option of dry sowing if the break
is late.

They commented that generally farmers in south-west Victoria are most comfortable with the third strategy,
while there is little adoption of the first two. Interviewed farmers verified this observation. Farmer F was the
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exception in starting sowing in the first week of April this year; however everyone else waited until late April to
begin sowing. Farmers considered their whole system in rationalising their TOS decision, with the factors that
acted as barriers to their adoption of an earlier TOS discussed under the following headings.

5.4.1

Stubble management as a barrier to early sowing

Farmers’ approach to stubble management in TOS decisions is commented on in section 5.4. Five of the seven
farmers considered stubble to varying extents in their sowing decision, either in its capacity as feed source or in
the need to be minimised prior to sowing.
Although the nutritive value of dead plant matter is relatively low, when combined with spilt grain, summer
weeds and volunteer plants found in stubble paddocks, animals can consume adequate feed to help prevent large
declines in liveweight of autumn lambing ewes (Robertson 2006). Farmer G described wanting to find a
balance between an earlier sowing whilst still capitalising on stubble as a feed source. He compromised by
grazing the more nutritious cereal stubbles first and burning canola stubbles. This strategy allowed him to
utilise stubble more still held implications for TOS and rotation as it results in paddocks being ready for sowing
at different times.
The second way stubble can factor into a TOS decision relates to the need to reduce stubble prior to sowing to
minimise the effect of high residue loads on crop establishment and damage from insect pests, namely slugs
(Wardle and Peries 2006). There has been a move to decrease reliance on burning stubbles in recent times, with
alternatives including sowing into standing stubble, baling and removing or incorporating stubble into soil
(Wardle and Peries 2006). Despite this attempt to shift thinking, five of the interviewed farmers mentioned
burning as part of their stubble management plan, which can cause delays in sowing while farmers wait for fire
restrictions to lift. This applied more to the southern farmers, with Farmer G operating in a different shire and
under different fire restrictions that allow him to burn earlier. There is the option to obtain burning permits,
however for Farmer A and E the hassle of applying for these was not considered worth the earlier TOS they
afforded, therefore they were willing to settle for a later sowing date.
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5.3.2

Weed management as a barrier to early sowing

Weed management was a key consideration in sowing date for the majority of farmers, and mounts a convincing
argument for sowing after the break to enable better control. Section 5.2 elaborated two approaches to weed
management with regard to TOS. The importance of weeds can vary according to the season, with Farmer C
commenting that the early break this year enabled good weed control from the start of the season, so he did not
feel the need to delay sowing.

5.3.3

Frost risk as a barrier to early sowing

Frost is a key constraint for early sowing in the high rainfall zone, with farmers often waiting to sow until May
out of fear of frost during flowering even though there may have been the opportunity to sow since April (Zhang
et al., 2006). Frosts can have significant economic implications, with the potential cost to eastern Australia
exceeding $100M (Fuller, Fuller et al. 2007). The old saying, ‘once bitten, twice shy’, is true for many farmers
for whom frost is a very evident cause of damage and can devastate a good season over-night. This was
illustrated in section 3.1.2 with an example from one of the workshops.

Frost can be devastating, however Zhang, Turner et al. (2006) acknowledge the relatively infrequent
incidence of frosts and the higher incidence of hot conditions during finishing, reasoning that a degree
of frost risk must be accepted. The validity of this tendency to fear frost more than heat stress was
investigated by Paridaen and Hunt (2013) at Westmere in south-west Victoria, around 80km from the
coast. Their comparison of the risk posed by frost and heat stress over four different sowing dates is
represented in figure 5. For Westmere, heat stress is experienced in a higher percentage of years than
frosts, indicating a later TOS may decrease frost risk but is associated with a greater increase in the
risk of heat stress. High temperatures around the time of wheat ear emergence and anthesis has a
variety of impacts on grain morphology and cellular development, including parthenocarpy, grain
abortion, and shrinking and splitting of grains. (Tashiro and Wardlaw 1990).
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Figure 5 - Risk of frost (blue bars) and heat stress (red bars) at Westmere over four sowing dates (Paridaen and
Hunt 2013)

Interviewees generally demonstrated this rationality also, indicating that frosts were not a major consideration in
their TOS. This was due to their close proximity to the coast which helps stabilise temperatures and decrease
the frequency of frosts and hot finishes. Farmer G was an exception, operating in more marginal country to the
north where heat stress around grain filling was more of a consideration than frost.
Decisions about how best to manage frost and heat risks can be guided by decision support tools such as Yield
Prophet and APSIM. ASPIM modelling for Lake Bolac suggests the optimum flowering window for wheat in
that area is late October (Hunt, Paridaen et al. 2014). The optimum window for flowering differs across
locations, with the same APSIM modelling revealing mid-September to be ideal flowering time at Kerang.
Farmer F, who began sowing on April 15th in 2014, was accepting higher frost risk to ensure crops got sown.
When the interview was conducted on August 20th, an early sown paddock of Bolac was already at GS39 (figure
4), while most other crops in the area were between GS30 and GS34. The farmer expressed concern over the
risk of frost damage this year with such an early TOS. On October 22 nd the crop was at GS83 (early dough).
Despite the region having experienced spring frosts this year, there did not appear to be damage to the crop as of
the end of October. With a dry finish that will see yield penalties across the region, it may be Farmer F’s
decision to sow early was a good one as grains had filled before water became limiting.
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5.3.4

Machinery as a barrier to early sowing

Machinery set up influences the conditions and speed with which a farmer can sow. Farmer E’s
current seeder is incapable of dry sowing, so although he does not delay sowing out of consideration
for weeds due to his IWM, he is still not dry sowing due to machinery limitations. Farmer G
commented on his small, old seeder that extends his sowing period. Newer machinery would reduce
labour requirements and improve sowing efficiency; however he wanted to avoid further capital
investment on his property until his sons finish study and decide whether they will return to the farm.
Farmers C and D share a contractor as discussed in section 5.8, so their opportunity to sow early is
generally limited to every second year when it is there turn to do so.
For these farmers, their decision to sow later is not so much agronomic as practical and potentially
complicated with human factors as was the case with Farmer G. At a surface level, TOS can appear
to be a straightforward agronomic issue, but secondary factors can act as barriers to achieving an
‘optimum’ time of sowing.

5.5 Limitations and future directions
Basic research leads to new knowledge. It provides scientific capital. It creates the fund from which the
practical applications of knowledge must be drawn.
Bush (1945)

The current project intended from the outset to sit within the ‘gap between the frontiers of knowledge… and the
problems of society’ (Pasour Jr 1993). In his dissertation on the method of decreasing abstraction, Lindenberg
(1992) highlights the advantage of integrating sociological, economic and psychological research lines in
constructing integrated models. He explains that this approach helps facilitate the shift from narrow, theory
based analyses to less accurate by more broadly applicable conclusions without compromising economic
analytic power. An equivalent term used in Neuro-Linguistic Programing term is ‘chunking up’ and ‘chunking
down’, whereby the scope of study is either broadened or narrowed to attain a more comprehensive
understanding of the situation. The current study intended from the outset to ‘chunk up’, or decrease the

50

abstraction, around a theory based, narrow area of study (TOS) and look at the broader, system context to
explore decision making. It was realised early on that including an economic analysis was beyond the scope of
an honours research project, so the method was contained to a sociological and psychological approach. An
economic assessment of different decision making processes would be a beneficial next step in investigating
TOS decision making. This would provide an avenue for quantitative analysis of different approaches to the
same decision.
Data collection via interviews has a range or quality considerations as were discussed in section 2.2. These
were addressed as far as possible; however further limitation of case-study methods include biases arising from
poorly structured questions, selective responses and deficiencies in recall (Yin, 2009). It is possible this was the
case in the current study, with interviews being restricted to 45 minutes and my experience in conducting
interviews being limited. One instance of poor recall was Farmer F neglecting to mention the influence of
rainfall on his TOS decision, despite his actions betraying it to be of importance (see section 5.1).
Responses were also likely to be reflective of the type of farmers interviewed. As the farmers were known to
the consultant through Grain and Graze and Southern Farming Systems, there were all information seekers to
varying extents and therefore likely to represent a particular farming approach. Long (2013) commented that
the proportion of farmers with a tertiary education is below that of other sectors. Part of interviewing farmers
who are information seekers meant that a high proportion either had a tertiary degree in agriculture themselves
(Farmer A and C), sons who were studying agriculture (Farmer E and G) or employ an experienced person as
cropping overseer (Farmer D and F).

These farmers provided valuable insight for the purpose of an initial

exploration of TOS decision making; however it would be valuable to interview farmers who are not as actively
seeking new information to attain a broader understanding of the topic.
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6. Conclusion
By investigating the issue of TOS through farmer case-studies, it was identified that there are both objective and
subjective aspects to decision making around TOS. Objective factors were the physical reality that farmers
experienced as influencing their TOS; namely rainfall, weeds, waterlogging, stubble management and crop
purpose. The importance of these factors varied with time, geographical location and the farmer, resulting in a
subjective element to TOS decisions. Farmers demonstrated they were tempering analysis with heuristics to
make sense of a complex situation, in a manner that reflected their acceptance of risk. Although this sometimes
resulted in sub-optimal sowing dates, there were generally benefits for other areas. These included production
(eg. crop cleanliness, livestock production), personal factors (eg. preserving relationships between farmers,
suiting personal preference) and the farm business (eg. following a strategic plan). From this perspective,
almost any sowing date could be reasoned as being rational. To avoid falling into ‘hopeless relativism’, as
described by Bereiter (1994), an economic assessment of different TOS decisions would be helpful to quantify
and facilitate comparison of different risk profiles, monetary and non-monetary benefits of different decision
processes. It is important to acknowledge this subjectivity in farmer decision making for effective extension
around TOS and accommodate the individuality of the system. Having a greater understanding of decision
making enables farmers to better understand the risk they are accepting and acknowledge potential biases and
opportunities.
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8. Appendices
8.1

Appendix A: Grain and Graze 2 workshops

Concurrent to this study was a project funded by Grain and Graze 2, the second phase of a national research and
extension initiative supporting mixed farmers, which investigated adaptive management in mixed farming
systems across southern Australia. Grain and Graze 2 is coordinated by the Grains Research and Development
Corporation, with some funding from the federal government initiative, Caring for our Country. It is currently
in its third iteration, although the relevant project was included as a pilot project in Grain and Graze 2 and will
be extended in Grain and Graze 3.
Key to the Grain and Graze 2 project was a series of workshops that were conducted with producers and
consultants to discuss rules of thumb they held, the origins of these rules and how they are used adaptively. I
have been involved in this particular Grain and Graze project from the beginning, under the supervision of Cam
Nicholson and was permitted to use the data collected in workshops for this study. The key workshop relating
to TOS was held in Inverleigh with high rainfall operators in south-western Victoria. Other ROT workshops
were held in Perth with farmers and consultants from the Western Australian wheat belt and in Adelaide with
growers from around Toowoomba, New South Wales.
Workshop participants were asked to brainstorm human factors that influence decision making before listing
rules of thumb they use or had encountered. The following questions were then used to investigate the origin
and validity of the rule.
1.

Origin: where do you remember first hearing the ROT?

2.

Experience: what has been your experience with the rule? Have you found it to be (un)reliable?

3.

Research: have you done any research to verify the rule?

4.

Blind spots: can you think of any areas the rule may cause you to neglect?

5.

Adaptive management: have you used this rule in different ways in your management, if so, how?

6.

Evolution: what factors are required for change in your ROT?
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8.2

Appendix B: Interview questions

Farmer profile
1.

Can you describe your property and production system? (ie. Hectares farmed, cropping:livestock, soil
types, rainfall, cropping rotation etc.)

2.

How long have you been farming?

3.

Are you the sole decision maker on the farm, or are there others involved?

TOS decisions
4.

When did you start sowing this year?

5.

Why did you sow the crop when you did? What were the main reasons for this?

6.

Have you made decisions about when to sow the same way before?

7.

Do you remember when and where you got the information that you use in making the decision of when
to sow the crop?

8.

How much and in what ways have your decisions around TOS impacted your business in the past?

9.

Thinking back to the main factors influencing your sowing date, how important would you rate each of
these on a scale of 1 to 10, where 1 is ‘it didn’t really matter at all’ and 10 is ‘made the decision for me’ ?
Is there anything that changed the level of influence these factors had on your decision (eg. it is important
to you to sow after the break, but a late break meant you had to sow dry)?
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8.3

Farmer A

Appendix C: Table summary of interviewees
Land Characteristics

Production characteristics

Business characteristics

Farming 320ha, in the past leased 100ha

60% prime lamb, 40% beef cattle

Family farm that A has leased it for the past 12 years.

Shallow topsoil over clay. Too shallow

Around 50% crop in the past, worked in with pasture renovation. Too high

Just he and his wife on the farm. She is not involved in the decision making. A will

for raised beds

risk so moved back towards livestock. No crop in this year.

consult older brother around some decisions.

Farming 1,100ha over two blocks.

Predominately beef at the moment with some pasture seed. Cropped up to

Bought the farm 20 years ago.

Around 700mm rainfall per annum

300ha in the past but moved back to livestock with the break of the drought.

Employs a casual worker around 60 days a year. When he was cropping, had a full time

Good loam topsoil and black clay

Never used raised beds because of machinery set up and they would be

worker and 2 casuals for busy times.

Around 550mm rainfall per annum
Farmer B

destroyed by the cattle. Used other forms of drainage
Farmer C

Farming 2,800ha, 800ha they lease and

Around 1,700 angus cattle, 800ha crop and 500 sheep

Have a livestock manager who has just gained equity in the farm.

the other 2000ha they own.

Had a lot of raised beds when started cropping 15 years ago. Only have 3

Father and two sons run crop production. Sons split time between university, hay carting

paddocks now. Put in drains and taken wet paddocks out from cropping.

and family farm.
Share a contractor with Farmer D.

Farmer D

Farmer E

Farmer F

Farmer G

Farming 3,500ha. Most of farm is

Around 20,000 sheep (mainly for wool with a small meat component,)

D has been farming for 30 years, sold part of the farm in 2002.

owned by the Südwolle Group but some

1,200ha cropping and 200ha pasture seed.

D is the business manager. Employs a cropping manager and livestock manager.

is still owned by D’s family.

No raised beds. “If you need raised beds, you shouldn’t be cropping”

Business strategy implemented by farm board focuses on sustainability, profit and

Mainly stony rises, some lunette banks.

merino production

Red clay-loam flats and buckshot clay.

Share contractor with Farmer C. Contractor’s machinery is stored on D’s farm.

Farming 1,400ha

Used to be 90% livestock, but raised beds has enabled switch to mainly

Family farm since 1915. E grew up on the farm and has never left. Two sons, hoping

Around 550mm rainfall per annum

cropping.

they will take over the farm one day.

Heavy clay loam with 4-5 inches of

90% crop on raised beds with controlled traffic.

One part time employee who has been with them for 18 years. Very experienced in

topsoil

Never dry sows but may do so with new seeder.

cropping.

1100ha crops.

1,100ha crop and unknown number of sheep.

F is the cropping overseer, has been farming for 8 years.

Most soils are over heavy clay. Some

Free range pig enterprise, used to control serrated tussock issue. Manure also

light loam in parts.

used for fertiliser.

Farming 1,800ha. Of this 650ha is

1,200ha crop and 2000 merino ewes.

Family farm since 1910.

leased and the rest is owned by G.

Has been cropping a fixed rotation since 1983.

G is the sole decision maker. He employs one full time worker and casual tractor

Around 450mm rainfall per annum

Put in raised beds in the mid-1990’s, but stopped renovating them in recent

drivers.

Light sandy loam soils.

years to minimise disturbance of top soil and reduce erosion.

Waiting to see if sons decide to return to the farm before making further capital
investments in machinery
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