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Abstract Policy settings influence how farmers manage pests. To successfully 
grow and market a crop an individual farmer has to engage in pest management. 
Their management strategy is subject to the relevant domestic policies. These poli-
cies are in turn shaped by international agreements concerning maximum residue 
levels for pesticides and the sanitary and phytosanitary (SPS) agreements on trade. 
Policies are designed to solicit a response by using incentives and penalties to 
achieve a set of social objectives. These policies create signals to which the wider 
domestic settings and international economies respond. Consequently the ultimate 
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outcome from these signals may be counter to the initial design (or intention) of 
the policy. This chapter outlines some of the economic underpinnings required for 
good pest management policy and it explores why farmers respond to the same 
pest problem differently. The discussion will examine the national drivers behind 
pest management in Australia and discuss the implications for both on-farm pest 
management and the wider community. To enable this discussion the economics 
of integrated pest management is presented to articulate individual responses to a 
policy setting. Finally we examine the policies required to create successful area- 
wide management systems in rural Australia.

Keywords Economics · Policy · Resource · Allocation · Decision making

16.1  Introduction

The central narrative of this chapter is built around a simple question, but one which 
is deceptively difficult to answer:

Why do we manage pests?

This question can be broken down to a number of subsidiary issues. What drives the 
decision to undertake pest management? Is the individual’s decision based on a pas-
sive action (for example, only undertaking routine pest management actions or pur-
chasing pre-treated seed), an active response to a situation (for example, monitoring 
and responding to density thresholds), or was the individual compelled to act by 
the direction of another individual (for example, legal enforcement to comply with 
an eradication campaign)? How does an individual justify the decision to allocate 
financial, capital and labor resources to their chosen response, which may include 
no action? At a given point in time are the constraints on the available management 
choices due to policy, subjective preferences, the individual’s ability to manage 
pests or the resource endowments available? What role does policy play in framing 
the pest management context for an individual and society at large?

Ultimately the complexity of the initial question is daunting and well beyond 
the scope of a single chapter. This chapter summarizes the economic arguments 
that drive the national approach to pest management in Australia and the resulting 
policy implications for the farming community and Australian society as a whole. 
To maintain focus, practical case studies help frame the economic debate.

The definitions and practice of Integrated Pest Management (IPM) are context 
specific. The ‘I’ in IPM has been challenged and it has been suggested that in prac-
tice ‘I’ could be defined as ‘integrated’, ‘improved’ or even ‘incidental’ (Zalucki 
et al. 2009). If ‘I’ truly represents integrated then the problem becomes how an 
individual would best manage a pest with all available resources. ‘Best’ to an econo-
mist would be an optimal combination of management tools derived from all pos-
sible management options with the objective function to maximize economic rents 
through time, subject to resource limitations. ‘Best’ could equally apply in a scien-
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tific framework as the eradication (or sustainable abatement) of a pest population, 
or ‘best’ as in least pesticide use, or ‘best’ as the adoption of ‘natural enemies’ 
(predators, parasitoids, etc.). If ‘I’ implies ‘improved’ then what is improved, the 
financial bottom line, efficiency of pesticide use or biodiversity within a paddock 
or landscape? If ‘I’ really means incidental, does this mean that we have arrived at 
a research treadmill where we jump from one problem to the next to achieve short-
term gains but create no long-term solution? For IPM to be a plausible alternative to 
a pure pesticide management strategy, the benefits from its adoption must be justi-
fied either from an individual or national perspective. If it is the individual farmer 
who benefits, then no compensation is required. If the transformation to adopt IPM 
is for the national good, but the shift comes at direct private costs for individual 
farmers or managers, then what policy signals are required to stimulate wide-scale 
adoption of IPM? Policy engages in trade-offs between groups aiming to maximize 
social objectives. It must determine which instruments (regulations, prices and/or 
compensation) are required to facilitate this adoption of new policy.

We deliberately take a wide view of pesticides, integrated pest management and 
policy to illustrate the complexity and diversity of issues that policy must consider 
within an integrated world. First, we contextualize how Australia’s domestic policy 
has been shaped by international regulatory frameworks, the biophysical charac-
teristics of Australia’s agricultural development, past policy decisions and national 
social objectives.

16.2  Policy and Pest Management in Australia: A Top 
Down View

Domestic pest management policy is a multifaceted legislative framework that has 
scale, scope, spatial and temporal dimensions. Policy scale ranges from compliance 
with international agreements through to local government and industry require-
ments. Policy scope includes issues as diverse as chemical regulation procedures, 
minimizing environmental harm and protecting human health and providing the le-
gal and financial settings for compliance in pest management procedures. The spa-
tial dimension defines at which scale and scope settings apply. The temporal dimen-
sion adds both obsolescence to existing policy settings and evolving requirements 
in response to emerging issues at a scale, scope and spatial level. Policy has created 
an intertwined quagmire of compulsory regulations and suggested management 
practices that have evolved through time, creating opportunities and constraints for 
producers. This policy labyrinth can create conflicting signals for farm managers.

Australian agriculture is export-focused. Consequently Australia has developed 
a rigorous policy stance on quarantine and food safety to preserve its comparative 
export advantage, maintain its biodiversity and protect human health. This stance 
has three key aspects. First, the policy stance defines the level of risk from the 
unintended consequences of international trade (to humans, economic activity and 
impacts on the environment) that Australia is willing to accept. Second, Australian 
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policy focuses on maximizing trade opportunities by ensuing that agricultural prod-
ucts meet international standards for market access. Third, it subsidises the costs of 
managing existing and new pest issues.

Policy impacts do not stop at the intended target. Their signals influence Aus-
tralian society and international markets. These signals can unintentionally create 
perverse outcomes for both those directly targeted but also in the wider community. 
Within this policy framework individuals operate within a range of personal, in-
dustry and institutional goals. The adherence to these goals occurs at a cost, both 
financially and operationally. An individual’s compliance to all policies can be cir-
cumspect since, despite a range of incentives and penalties designed to solicit a 
given response, the outcome can be counterintuitive. This section focuses on the 
past policy settings and the resource endowments that have shaped production sys-
tems in Australia. We discuss two policy areas: the national approach to chemical 
registration, which increases costs and limits management choice; and public ex-
penditure, which subsidizes management expenditure.

16.2.1  International Policies and National Objectives

Donald (1982) argues that a combination of just plain “dumb luck”, strict quaran-
tine regulation and geographical isolation are responsible for Australia being free of 
many of the trade restrictive sanitary and phytosanitary (SPS) issues facing produc-
ers in the rest of the world (Nairn et al. 1996). This quarantine policy has contributed 
to Australia becoming the fourth largest net food exporter in the world (Keogh 2011). 
Australia specializes in producing bulk commodities including wheat (McNeill and 
Penfold 2009), barley (Murray and Brennan 2010), canola (Gu et al. 2007), sugar 
(Allsopp 2010), cotton (Agbenyegah 2012), pasture-based beef (Petherick 2005) 
and sheep-based products (Kahn and Woodgate 2012). A combination of a highly 
variable climate (Khan 2008), biophysical resource constraints (Davidson 1965) and 
limited assistance to agricultural producers (Anderson et al. 2007) have driven this 
specialization towards low input, low output production systems.

A reliable market is essential to retain the economic viability of low-input bulk 
commodity production. Due to the limited Australian domestic market, the agricul-
tural industry is heavily reliant on international market access. Between 2003–2004 
and 2010–2011, over 70 % of the gross value of Australia’s agricultural production 
was derived from international market sales (ABARES 2011).This dependence on 
exporting ensures that the wider agriculture sector delivers outputs that meet inter-
national market requirements. Here we simplify market requirements as ‘nil’ for 
both pests and chemical residues. ‘Nil’ pest compliance occurs when no live pest is 
found at the import terminal. The compliance to ‘nil’ chemical residues is achieved 
when detectable residue is less than or equal to the predetermined maximum residue 
levels (MRL) described by the market. Failure to comply can result in direct finan-
cial penalty, the partial loss of market access where only areas that are declared to 
be designated free of the problem can export, the temporary closure of the market 
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until the issues are resolved and ultimately total closure of the market. At each stage 
in the process, the net costs for exporters and Australia as a whole increase.

The CODEX Alimentarius Commission (Codex), which is recognized under the 
World Trade Organization’s SPS Agreement, develops internationally recognized 
food safety standards, including MRL levels. However, an individual country can 
apply alternative standards to the Codex based upon scientific evidence relevant to 
their specific risk profile. As both science and the ‘willingness to accept risk’ evolve 
through time, MRLs remain fluid, as they are defined by both real and perceived 
risk. This fluidity creates both opportunities and threats for producers in individual 
countries (Adamson 2010) and can be met with an appropriate response in changes 
to inputs for producers determining management options.

This combination of export market preservation and a low input agricultural pro-
duction system drives Australia’s national policy in pest management. This includes 
constraining the inputs pest managers use, shaping research and development pri-
orities and providing wider social benefits.

16.2.2  Competing National Goals

Australian policies related to agriculture, trade, veterinary products, chemical regis-
tration and the environment are designed to maximize social welfare, but they con-
strain how farmers use pesticides. While strict quarantine policies aim to provide an 
environment free from exotic pests, they create higher prices for domestic consum-
ers. Sound policy must determine the trade-offs from alternative actions and decide 
if compensation is required for those adversely affected by a policy. Policy needs 
to determine what is best for the nation now and into the future. However, policy is 
based on subjective social preferences and incomplete information. As social pref-
erences change and future uncertainty abounds, policy must adapt.

Being ‘pest free’ and having the ability to determine individual MRL levels allows 
the Australian Pesticides and Veterinary Medicines Authority (APVMA) to specify 
what pesticides (insecticides, herbicides and disease management compounds) and 
production additives (hormone growth regulators) are registered and the conditions 
for their use within specified production systems are specified (Adamson 2010). 
These specifications are altered through time as new information emerges and re-
sults in change, not only in which types of pesticides remain registered for use, but 
also how they are used by different industries.

For a new pesticide to be registered in Australia, it must pass three tests. First, 
the compound and its handling must be deemed safe for the commodity it is applied 
to, the individual applying it, consumers of the final product and the environment 
in which it is applied. Second, the stated benefits of the compound must be sub-
stantiated. Third, it must be ensured that its use “would not unduly prejudice trade 
or commerce between Australia and places outside Australia” (Commonwealth of 
Australia 2011, p. 20). The registration testing operates on a cost recovery basis and 
is applicable to each application, variation of compound or use, and for each major 
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food group that the pesticide is applicable to. For a pesticide to remain registered, 
both an annual fee and a levy on the value of sales must be paid. This pricing struc-
ture forces costs to be passed onto consumers in one of two ways. First, due to the 
high cost of registration and a small market, not all pest management products are 
registered in Australia. Second, the cost of purchasing some pesticides deters their 
widespread use.

This combination of high cost and limited options drove Walker and Stirling’s 
(2008) work to explore nonchemical approaches for nematode management in viti-
culture. In this situation only a limited number of pesticides were registered. The 
first, a nematicide (fenamiphos) was facing deregistration in response to new sci-
entific information in the United States concerning human health. A second group, 
fumigants based on 1,3-dichloropropene, were in practice only used as an option 
of a last resort due to high costs. In this case, Australia’s registration policy forced 
producers to adopt industry specific research that had developed low pesticide inte-
grated pest management strategies.

Is low pesticide use for nematodes then, an example of traditional IPM practice, 
which is driven by intelligent policy design, or an accidental outcome that is an 
artifact of inflexible policy? There are wider social benefits and costs applicable to 
the registration process that need investigation.

Climatic conditions complement the low input farming systems and the stance 
on chemical registration by the Australian Government. As cattle production in Aus-
tralia is primarily low-input pasture-based and, due to a moderate climate, animals 
are not over-wintered. In production systems that have to over-winter stock at high 
densities, preventative disease management treatments (antimicrobials) are used to 
maintain health and livestock receive production supplements to ensure live weight 
gain. This has allowed APVMA to separate antimicrobial agents between humans 
and livestock in Australia and not register a number of production supplements used 
overseas. Although in practice not always perfectly applied, only those antimicro-
bial agents considered as low importance for humans are registered for livestock 
(Jordan 2007). This separation of antimicrobial registration has two impacts. First, 
it slows the rate of antimicrobial resistance caused by cross species use (JETACAR 
1999) reducing human medical costs. Second, based on cross-country studies, there 
is clear evidence of lower antimicrobial resistance in piggeries in Australia, imply-
ing costs savings from the reapplication of treatments (Adamson 2010).

However, the lack of registered antimicrobial compounds in Australia encour-
ages loophole exploitation through‘off-label’ use in intensive industries, especially 
in in aquaculture. (Akinbowale et al. 2006). ‘Off-label’ usage ranges from deliber-
ate breaches of regulations where legal penalties can be applied, especially if de-
tection threatens trade, to legally prescribed use on the basis of animal health and 
welfare issues (Bond 2005). Akinbowale et al. (2006) reported that the resistance to 
antimicrobials detected in Australian aquaculture posed a human health risk. This 
policy outcome occurs when ethical and welfare issues coincide with a lack of man-
agement alternatives, creating a disincentive for policy enforcement. Such intracta-
ble situations then require increased research to develop alternative practices. The 
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questions then become who should pay for this policy remedy, and whether there is 
an economically viable solution.

Australia’s deliberate registration approach to additives (chemicals and feed 
stuffs) and strict quarantine barriers help exporters gain and retain market access by 
exploiting differences in international food standards and taking opportunities when 
they present themselves (Buzby and Mitchell 2006). For example, the outbreak of 
Bovine Spongiform Encephalopathy (BSE) in the United States of America (U.S.A) 
in December of 2003 effectively gifted the entire Japanese beef market to Australia 
(Adamson 2010). Since the outbreak, Australia has dominated the high value Japa-
nese import market for beef and veal (ABARE 2007; ABARES 2011), see Fig. 16.1. 
These preventative measures in effect provide a positive feedback loop for a policy 
continuing without the need for rigorous analysis.

Although strict quarantine barriers provide market access for producers, it comes 
at a direct cost to Australian consumers. The embargo of banana imports is a prime 
example (James and Anderson 1998). This quarantine policy was exposed by the 
recent cyclones, which decimated the Australian banana industry and crippled local 
supply. The inability to import bananas to meet demand then created a price spike 
causing inflation to rise (Australian Bureau of Statistics 2011).

Policy is about trade-offs. For example, social pressures may lead to a desire 
to reduce the negative externalities associated with pesticides in order to improve 
human and environmental health. Policy then must trade these improvements off 
against any reduction in economic returns from constraining pesticide use. Policy 
analysis needs to consider who benefits, who is made worse off and determine if 
compensation is required or justified. To achieve the stated goals of the policy, the 
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best mechanisms to facilitate the transition to the policy need to be determined. 
This will include choosing which incentives, regulations, or combination thereof to 
send the appropriate signals to create the transition to the policy objective. If policy 
priorities are poorly stated, economic growth will be slowed because the restrictive 
nature of policy can create situations where the outcomes were not intended in the 
original design. Policy is derived from social preferences that can be subject to 
changes in social ideals leading to a reallocation of policy priorities (Rostow 1959). 
Policy is also about stimulation and compensation and in the current case it involves 
definition of the role of government in managing pests.

16.2.3  National Expenditure on Pest Management

Determining the total public expenditure on managing pests in Australia is diffi-
cult for a number of reasons. First, there is inconsistent reporting and the ability 
to identify direct public expenditure on pests varies greatly between all levels of 
government and public research providers. Inconsistencies include whether or not 
funding by external research organizations is included in costs, whether expenditure 
on different objectives within research programs can be differentiated and differ-
ent methods for estimating costs of policy development, staffing, overheads and 
infrastructure. Second, the federal government provides a combination of tax in-
centives for private companies to sponsor research; subsidizes funds raised by rural 
development corporations (RDCs) to undertake research; and provides a proverbial 
raft in the form of alternative funding mechanisms available for community-based 
programs and university research opportunities. The following data (Table 16.1) has 
a number of limitations and double counting problems1.

Public expenditure on pest management was at least AUD$ 1 billion in 2007–2008 
(Table 16.1). The Australian Federal government directly allocated AUD$ 735 mil-
lion to fund federal government departments to work or commission activities as-
sociated with pest management. The data for Commonwealth Scientific and Indus-
trial Research Organization (CSIRO) is incomplete and may be misleading. A fur-
ther AUD$ 208 million was spent by state governments and RDCs spent at least 
AUD$ 25 million. The total figure is an underestimate since not all departments 
could be contacted or considered. Also, local government expenditure and university 
funding are not included.

These funds help manage pests that occur on both private and public lands. They 
help to varying degrees of success by reducing the costs, both direct and indirect, 
borne by farmers. They also prevent pest spread to and from public and private 
land. For example, investment includes research into classical biological control 
agents with the aim of reducing the density and spread of established exotic pests. 
McFadyen’s (2007) review of economic analyses of Australia’s weed biological 
control program suggests that the annual benefit to Australia was greater than 

1 These data were derived by contacting finance officers in state departments and from publically 
available budgetary expenditure reports.
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AUD$ 95 million per year for an AUD$ 4.3 million annual investment. Biologi-
cal control programs often provide the classical ‘free rider’ outcome for producers 
where an individual directly benefits from a program despite not directly contribut-
ing to the costs of the program. These types of expenditures help Australian farmers 
to maintain low input production systems.

Despite the policy focus on strict quarantine and managing pests, the true eco-
nomic benefits or costs from this expenditure are unknown, making it difficult to 
justify policy decisions. A major limitation is the complexity involved in estimating 
the true costs of all pests and identifying the major current and future problems. 

Table 16.1  Estimated national expenditure on pest management in Australia (2007–2008) by fed-
eral government agencies, state based agencies, research corporations (RDCs) and universities 
(– indicates unknown)

Expenditure By 
Organization

Amount (million 
AUD$)

Data source and notes

Federal Departments Department of Agri-
culture, Forestry 
and Fisheries

$ 699.6 Commonwealth of Aus-
tralia (2008)

CSIRO $ 19.1 CSIRO (2008) includes 
all in-kind expendi-
ture to rural CRCs 
only.

Department of the 
Environment and 
Water Resources

$ 16.5 DEWH (2008)

Others –
Total federal $ 735.2

State Governments New south wales $ 14.9 Personal communication, 
Brad McCartney 2009

Northern territory $ 5.6 Personal communication, 
John Thomson 2009

Queensland $ 90.3 Queensland Government 
(2009)

South Australia $ 5.2 PIRSA (2008)
Tasmania $ 13.9 DPIW (2009)
Victoria $ 101.8 Department of Primary 

Industries (2008)
Total states $ 208.6

RDCs Cotton $ 3.3 CRDC (2008)
Grain $ 18.8 GRDC (2008)
Sugar $ 0.5 SRDC (2008)
Beef $ 2.8 MLA (2008)
Others –
Total RDCs $ 25.4

Universities –
Total Expenditure $ 1,041.2
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Broad analyses of rapidly obsolescing estimates of annual costs (generally de-
scribed as management costs plus residual production losses) of either pest group-
ings or specific species examples do exist (see below). Pest groups or key species 
analyses are designed to provide policy makers with an estimate of the magnitude 
of the problem to highlight where to allocate funding. For example, weeds top the 
national expenditure bill at AUD$ 4 billion per annum (Sinden et al. 2004), verte-
brate pests cost AUD$ 720 million per annum (McLeod 2004), Helicoverpa species 
were estimated to cost between AUD$ 159 to $ 328 million per annum (Adamson 
et al. 1997) and diseases in barley are estimated at AUD$ 252 million per annum 
(Murray and Brennan 2010).

Specific analyses of individual species or management programs are designed to 
justify expenditure or obtain funding. For example, the 2010 control of locusts by 
the Australian Plague Locust Commission (APLC) is estimated to have prevented 
over AUD$ 913 million in losses. The benefits from controlling Siam weed are 
estimated to be approximately AUD$ 14 million by 2044 (Adamson et al. 2000). 
Programs designed to meet the ‘nil’ pest requirement in Australian grain exports are 
estimated to be worth at least AUD$ 70 million per annum (Adamson 2002). How-
ever, these values are generally only useful as discussion points for two reasons. 
First, the critical understanding of what the monetary value means, the underlying 
assumptions upon which the estimate is built, why the study was undertaken and 
who commissioned it is often either lacking or not clear. Second, the numbers used 
take little account of what other research into rival species or groupings have found 
or claimed as their benefit and double counting of management costs and yield 
losses is rampant. Many of the examples listed above use the default setting of a 
residual 10 % yield loss, with no justification.

Once this data gets into the public arena, it is readily accepted in an informa-
tion poor environment and rarely challenged, thereby reducing the quality of the 
policy debate. Zalucki et al. (2012) provide a rare example of what is needed by 
directly challenging the often quoted US$ 1 billion worldwide cost of diamondback 
moth, Plutella xylostella (L.) and providing a detailed analysis of the process and 
assumptions used to calculate a revised estimate of the costs of this pest. Javier 
(1992) raised the initial value as a suggestion, not an analysis, in a short forward for 
a conference. Despite it being only a suggestion the value remained constant over 
time and reached axiomatic status. This acceptance creates problems, as the value 
is over 20 years old. Either those quoting have not adjusted the value for inflation 
or they are assuming that 20 years of research and implementation has achieved 
nothing. By shedding light on the original number and offering an evaluation of the 
global impacts the Zalucki et al. (2012) study suggests that the current cost is four to 
five times greater than Javier (1992) suggested. This lack of economic justification 
about the relative importance of existing, emerging, exotic and yet to be discovered 
pests compounds the misallocation of research funding towards pet projects.

The allocation of funding to individual pest management programs can create 
transitory patterns of adoption of the different aspects of IPM in two ways. First, 
suppose that funding is allocated in the short term as a piecemeal process with no 
solid foundations of what to fund and why. The result is then a range of temporary 
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reductions in pesticide use for individual farmers, but not necessarily an overall 
reduction in pesticide use nationwide in the longer term. Zalucki et al. (2009) found 
that over a 30-year period in Australia the national cost of insecticides per hectare 
increased dramatically in real terms, in part due to the transition away from low-
input wheat to higher input oilseed and cotton production systems.

Second, it fails to ask the simple question: is the objective of IPM to reduce pes-
ticides or to provide managers/producers with the tools to create greater return on 
their assets? These can be mutually exclusive goals. To understand this, we need to 
understand the economics behind allocating resources from a farmer’s perspective.

There is a wider problem associated with many pest programs and policies. By 
treating each pest or industry group as separate, they ignore the fundamental prob-
lem a decision maker faces, how they allocate scarce resources to maximize eco-
nomic return through time (Villano et al. 2010). A farmer does not deal with only 
one pest but a range of pest management issues over their entire farm. Therefore we 
need to understand not only the farmers’ expenditure on pest management but the 
rationale for managing pests as a whole.

16.3  Pest Management: A Bottom Up Approach

Integrated pest management is a subset of the overall allocation problem that farm-
ers face in their day-to-day activities. In a steady state, under active management, 
the combination of individual pest species ‘success’ (their composition within the 
base load) then defines a baseline pest level (or pest load) in temporal and spa-
tial terms. This premise then allows for the estimation of the economic return of 
alternative management options for all enterprise choices. This information then 
helps determine how farmers allocate their resources between alternative produc-
tion choices.

16.3.1  Allocating Resources On-farm

Farmers have to allocate limited resources between all activities on a farm. Pest 
management like all management options requires the use of capital equipment, 
labor and financial resources. A producer has to decide the quantity of all resources 
they can allocate to all competing activities. The relative importance of a single 
activity can be determined by its share of the total resources available for use on a 
farm.

The breakdown of total average financial expenditure on Australian farms over 
a 15 year time period is presented in Fig. 16.2. The use of the averages smooths 
annual discrepancies and impacts of drought. In droughts the declining income is 
matched by a contraction in expenditure allocation. By assuming that everything 
termed ‘chemicals’ is the cost of purchasing chemicals for active pest management, 
it is estimated that on average about 5.7 % of total farm financial costs in Australia 
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are allocated to chemical cost for pest management. This is about the same as that 
allocated to fuel costs.

Total resources allocated to managing pests are greater than direct chemical ex-
penditure. Australian Bureau of Statistics (2008) data suggests that chemical costs 
contribute to about 60 % of total active pest management expenditure with the re-
mainder spent on labor and application costs, see Table 16.2. Assuming that this 
estimate holds constant, it implies that active pest management costs are not 5.7 % 
of total farm costs, but at least 9.5 % of total financial costs. Total resources to 
pest management need to include passive pest management costs, which includes 
genetic material bred to be resistant to a pest (for example, tick resistant cattle or 
root stock resistant to nematodes), chemical seed treatments and licence fees paid 
to access genetically modified organisms (e.g., cotton, see below), but such costs 
are often unknown.

The data presented is based on an average for all Australian producers. What 
this data does not illustrate are the changes in expenditure by commodity groups 
across Australia through time. Some of this analysis is provided in Zalucki et al. 
(2009) where it was illustrated that the real total unit cost of insecticide treatments, 
ignoring application and labor costs, had increased over time. Part of the increas-
ing cost could be explained by the transformation of grain producers away from 
wheat, where insecticides are rarely used, to other commodities where the eco-
nomic returns justify increased management expenditure. The increased insecticide 
costs could also indicate a substitution away from labor requirements found un-
der IPM systems. Once again the lack of data impedes the analysis. Logically the 
time period, the climatic conditions and how the agricultural sector changes to seek 
higher returns all contribute to how inputs are allocated on-farm.
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There is no national time series data set for pest management approaches, includ-
ing IPM adoption, to help augment this discussion. Consequently we are reliant on 
case studies and economic theory to explain why individuals adopt different ap-
proaches to pest management in Australia.

16.3.2  Justifying Pest Management Resource Allocation

Starting with a steady state, where we hold the pest base load and all prices and 
costs of producing goods constant, we can assume that the objective of a farmer is 
to make money (or profit). Profit can simply be defined as:

Profit Price Quantity Costs= × −( )

Where the profit made on the farm at a given time is subject to the income made 
(price) from all that is produced (quantity) less the total farm costs. From this prem-
ise we then relax the steady state assumption about pests and density through time 
and we can examine the economic foundations of IPM, economic thresholds and 
the pay-off matrix.

The transition of pest management from the concept of economic injury (Stern 
et al. 1959) to economic thresholds (Headley 1972) allows for the theoretical under-
standing of why rational farmers would not spend money on managing pests based 
upon their density in crops. Economic injury or the damage threshold (DT) is the 
density where a pest starts causing economic harm, the economic threshold (ET) 
occurs when the costs of controlling the pest are equal to the harm caused by that 
pest (that is the benefit of the control), see Fig. 16.3. Consequently a background 
pest level at which it is not economic to implement management activities will al-
ways exist. These foundations help in understanding of the nature (both economic 
and ecological) of the pest problem and the options available for its management in 
space and time.

Carlson’s (1970) examination of pest management using a pay-off matrix to 
specify alternative sets of rational decision-making responses to given pest densities 
is central to explaining why producers’ behavior changes. For example, the pay-off 
matrix helps explain why producers switch management practices at different pest 
densities (at X in Fig. 16.3, the returns from calendar spraying and IPM are equal) 

Table 16.2 Itemized expenditure on pest control in Australia in 2006–2007. (Australian Bureau 
of Statistics 2008)

Pesticides 
(Million 
AUD$)

Contractors 
(Million 
AUD$)

Labor costs 
(Million 
AUD$)

Other 
(Million 
AUD$)

Total expend-
iture (Million 
AUD$)

Pesticides 
% of total 
costs

Weeds 982 159 211 222 1,574 62 %
All other Pests 430 77 153 109 768 56 %
Total 1,412 236 364 331 2,342 60 %
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and justify why producers switch between commodities based upon changing back-
ground pest load. In economic terms, IPM can be described as decision makers 
making informed decisions about how to allocate resources to management of all 
pests throughout a farm, based on the impact on profit from their response. It is 
this understanding about the nature of the resources allocated to manage pests and 
the benefits from that action that, in given situations, can justify either greater ex-
penditure on pest management through increased pesticide use (Maupin and Norton 
2010) or the movement of producers between bio-control programs and calendar 
spraying programs when resources are constrained or returns are better in alterna-
tive systems (Wilson and Tisdell 2001).

Economic return (profit) is not constant as there are continuous endogenous (on 
farm events, such as changing crops or pest management responses) and exoge-
nous (off-farm factors such as prices, interest rates, climatic variability) variables 
that change through time. Climatic variability can be a major determinant of pest 
management strategy as during times of drought, farmers stop spending money. 
This inconsistent profit in time and space not only directly impacts an individual’s 
allocation of resources to pest management now but also their future responses. 
Fluctuating farm debt levels can then constrain an individual’s ability to actively 
respond to a pest incursion. Australia’s emergence from the millennium drought 
has coincided with high commodity prices. For the first time in 30 years the broad-
acre industries throughout Australia are expected, on average, to make an annual 
operating profit (ABARES 2012). Blank et al. (2004) study of farm wealth in the 
United States helps explain why farms continue to operate despite negative or low 
returns. By having the ability to diversify into off-farm capital acquisitions and in-
come streams, farm operating costs can be augmented in bad years. Continuation of 
activity then allows the farm returns to be invested into capital assets both on- and 

Pest density 

Net revenue 

DT ET X

Calender
control 

No control

IPM

Fig. 16.3  The economics of integrated pest management (Norton 1985). Here net revenue of 
production is a function of the density of a given pest and the management decision. DT (damage 
threshold) is the pest density level where it causes ‘injury’ to production. ET (economic threshold) 
is the density at which the costs of control equal the benefits of control. Here the costs of adopting 
IPM is economically justified when compared to calendar spraying until density X is reached. 
After X, IPM provides less revenue than calendar spraying
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off-farm to minimize tax liabilities. However, this asset-rich and cash-flow-poor 
status can result in an individual opting in and out of IPM programs depending on 
liquidity issues. This situation can be exacerbated if the individual has mounting 
debt allowing both the distribution and densities of pests to increase. This is a com-
mon theme underlying the spread of woody weeds in Australia’s dry land pasture 
systems (Zull et al. 2009).

The decision of whether or not to use certain pesticides can also be determined 
by an individual’s beliefs and preferences. For example, an individual may believe 
that they have a social obligation to head towards biodynamic or organic farming. 
They may also see it as a choice to obtain a marketing advantage (Chang et al. 2003) 
and possibly a higher return (McBride et al. 2012). These subjective decisions are, 
in essence, a subset of IPM as they limit the available management choices. The di-
versity in individual preferences and attitudes to pest management can be reflected 
in alternative economic objectives. This may include profit maximization, bound-
ed rationality to satisfy a given set of goals (Simon 1955), and maximizing utility 
through time.

In addition, an individual’s decision to manage a given pest is dependent on the 
rigorous stance of a policy that may be based on transitory social beliefs (that is 
mandatory involvement in an eradication campaign, to a self-defeating loophole 
system), their ability to act within legal frameworks applicable to application of 
controls and the species being controlled, environmental legislation, social expecta-
tions (NSW Department of Primary Industries 2012), and their ability to allocate 
resources. Their final management choice ultimately determines which market they 
then interact with. These choices are underpinned within an uncertainty framework 
and the consequences of their actions have implications for area-wide management 
programs (see Sect. 16.4).

16.3.3  Risk, Uncertainty and Pests: Is it Adoption, Adaptation or 
Luck?

Pannell’s (1991) review of risk, uncertainty and pesticide use highlights the com-
plex nature of IPM through time. Policy makers and pest managers operate with 
incomplete current information and have to deal with unknown future issues. This 
complexity has to deal with the existing stochastic nature of biological functions and 
the non-linear response from management choices. The paradox that over time IPM 
programs can both reduce and increase the long term risks (social, environmental 
and economics) associated with managing different pests within a landscape. While 
the future is unknown, it will contain unwelcome surprises. The frequency of un-
welcome surprises increases if management and policy decisions are predicated on 
using the mean or average to explain the future. The focus on averages to justify 
decisions results in the failure to anticipate the next pest problem. Consequently 
policy and pest managers end up jumping from one pest crisis to another, causing a 
backsliding in the level of IPM adoption (Zalucki et al. 2009).
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A bio-security breach leading to a pest or disease outbreak is a situation where 
the pest base load is altered in such a way that either management costs increase 
or there is a negative influence on yields or price, thereby changing the compara-
tive advantage of production systems beyond the known distribution. The ability to 
adapt to pests is determined by the individual’s ability to recognize the pest state; 
the constraints on the management options and the success of the response are all 
underpinned by uncertainty. The pests’ state of nature is the fundamental under-
standing of economic thresholds in IPM. Further complexity and error in successful 
management occurs when producers invest in a ‘new’ activity, because they have to 
re-learn about managing the dynamic pest base load in regards to the new activity 
(Shea et al. 2002).

We can illustrate this by examining the case of pest management costs for canola 
in New South Wales. Brennan et al. (2005) outline the introduction of canola as a 
viable economic alternative to wheat within the winter cropping rotation system 
over the period of 1984 to 2004. By examining a set of gross margin budgets from 
1989–1999 to 2007–2008, we see that the cost (insecticides and application costs) 
of managing pests per hectare decreases through time, see Fig. 16.4. We cannot de-
finitively prove that a direct relationship between time and efficiency of control ex-
ists, as the data was not collected for this purpose. We know that costs have reduced, 
but we have no documented reasons why. Have farmers learnt from past mistakes 
and adapted their managing strategies? Has there been a fundamental change in the 
pest base load? Are producers benefiting from a collective wider regional control 
strategy? Is this a prime example of a successful IPM program (Gu et al. 2007)? Is 
it a direct response to falling commodity prices? Or is some other factor at play?
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A producer’s attitude to pest management may not be constant through time due 
to risk preferences, understanding of the problem, learning how to manage, finan-
cial constraints on resources, the policy settings constraining or influencing choices, 
and off-farm shocks like the Global Financial Crisis. However, IPM does change 
the nature of the management approach, as once an individual becomes aware of the 
issues and the options available, it can lead to non-linear changes to management 
strategies. Nevertheless, even a diligent farmer may find that the successes of their 
management activities are in fact largely due to activities of their neighbors creating 
an opportunity for a spatial free rider.

16.4  Pests, Policy and How’s My Neighbor?

Within a landscape the actions of farmers in response to policy signals, their choice 
in management participation and their management action impacts directly on the 
composition and the density of the pest load. Rebaudo et al. (2011) point out that 
the diversity of managers within a landscape influences the success of regional 
control, as each group responds to different pest signals with varying degrees of 
success. Ceddia et al. (2008) illustrate this by examining how alternative levels of 
hobby farmers and professional farmers within a landscape influence the rate of 
pest spread. Collective management opportunities exist not only when production 
systems are similar but when the pests are the same. For example, citrus producers 
in the Central Burnett region of Queensland developed an area-wide management 
strategy for fruit fly in response to possible MRL levels for dimethoate and the abil-
ity to diversify into previously closed domestic markets (Lloyd et al. 2007).

Public area wide management strategies subsidize individuals’ management 
costs. They may use alternative management options to allow producers to oper-
ate as normally as possible. For example, plague locusts are considered a public 
problem in Australia (Millist and Abdalla 2011) and their management falls under 
the purview of the Australian Plague Locust Commission (APLC). The ability to 
migrate throughout Australia over areas of environmental significance and well-
defined organic beef enterprises in the Channel country (Wynen 2006) drove the 
adoption of Metarhizium, a bio-insecticide (Story et al. 2005). The cost of preserv-
ing market integrity is then paid for out of the public purse.

The success of an action is not predetermined solely by the wider public and 
private management strategies employed, but also by the path by which the pest 
arrived. For example, a lettuce IPM program in New South Wales (NSW) resulted 
in a net financial gain and a reduction in ‘active ingredients’ (g/ha) used to manage 
Helicoverpa spp.from 1998 to 2006 (Orr et al. 2008). Although the authors claim 
the net benefits would be greater if the spill over effects to other industries and hu-
man health were considered, they fail to consider the spill over benefits from other 
research. This was around the same time as when genetically modified cotton was 
being adopted in Australia. This acted as a population sink for Helicoverpa spp. 
(Knox et al. 2006) while the climate was not conducive for Helicoverpa spp. popu-
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lation development (Zalucki et al. 2009). A question then needs to be asked in the 
context of the review: did the lettuce IPM program really deliver benefit? Or was its 
success a product of timing or the limited scope of the review?

Schellhorn et al. (2008) suggest that the spatial scale of the ecological and eco-
nomic problem need to be intertwined in order to develop successful management 
programs. The heterogeneity of the spatial landscape, how it has been modified, the 
temporal cropping patterns, localized and regionalized climatic events, available 
refuges and the management actions taken by individuals and groups not only pro-
vides pre-selection bias for the pests but the beneficials as well. A polyphagous 
migratory species can experience rapid population expansion under a changing 
landscape where the change in farming systems creates a favorable redistribution 
of its traditional overwintering locations. This is the case for Helicoverpa spp. and 
cotton in northern Australia. By providing policy incentives (price bounty systems 
and subsidized irrigation) to develop the cotton industry in the Ord, the landscape 
transformation provided a favorable habitat for Helicoverpa spp. (Davidson 1965). 
The rapid increase in Helicoverpa spp. density combined with tactically naïve man-
agement strategies resulted in unprecedented levels of insecticide resistance to de-
velop. Ultimately, the combination of increasing costs and falling yields saw the 
cotton experiment in the Ord finish after ten years (Longworth and Rudd 1975).

The Helicoverpa spp. and cotton story does not end there. The cotton industry in 
Queensland and New South Wales was able to continue despite the removal of the 
price bounty. This continued industry development provided a positive correlation 
for Helicoverpa spp. development and a continual cycle of insecticide resistance 
creating a corresponding ‘new’ crisis for IPM research on a regular basis (Zalucki 
et al. 2009). These crises continued to occur despite the cotton industry’s wide adop-
tion of resistance management programs at a regional scale and other IPM strategies 
for over 30 years with temporary success permeated with the next spray and pray 
failure. The continual search for a ‘magical bullet’ culminated in the development 
of genetically modified (GM) cotton.

The search for the magic bullet in cotton is still debated. Although GM cotton 
undoubtedly acted as a population sink, the recent drought reduced the area of cot-
ton planted and had a negative impact on Helicoverpa spp. populations, thereby 
clouding the true success of GM cotton to manage the pest complex (Zalucki et al. 
2009). The long run success of GM cotton is still being debated as the recent resist-
ance tests suggests that Helicoverpa spp. express natural resistance to the novel 
Vip3A Bt toxin which forms part of the next commercial release of GM cotton in 
2016 (Mahon et al. 2012). Even if GM cotton eventually proves to be a technical 
success in suppressing Helicoverpa spp. in both the short and long term with a re-
volving rerelease of GM cotton varieties, it has perverse impact on IPM. In effect it 
turns the economic notion of IPM back into a calendar spray, see Fig. 16.5.

By setting the licensing fee to plant GM cotton identical to the cost of the 11 
insecticides used to control Helicoverpa spp. in conventional cotton, GM cotton 
resembles the calendar spray (Fig. 16.5). In this case it only remains profitable to 
grow GM cotton if the density of Helicoverpa spp. remains high. As GM cotton 
operated as a population sink, there were reported cases where conventional cotton 
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was not being sprayed in 2006 (Personal communication, David Murray 2007). In 
effect encouraging the use of conventional cotton for individuals and not the indus-
try as a sensible IPM farmer would free ride on the wide scale industry adoption.

Back and Beasley (2007) found that farmers have adopted GM despite the reduc-
tion in revenue because it is considered easier to grow, not because of the environ-
mental and social benefits from using fewer pesticides. Thus GM technology is a 
passive pest management response and not really an active IPM tool. As the cotton 
industry is now firmly committed to GM crops the question from an IPM perspec-
tive remains are we doing our ‘best’ or have we accepted ‘incidental’ yet again?

16.5  Concluding Comments

This chapter aims to provide an understanding of how policy decisions can influ-
ence the adoption and use of IPM. The choice of how to manage pests is dependent 
upon: the regulatory environment in which they operate, the market the producer 
is aiming for, the inputs and management options available, the cost of the choice 
and the benefits of the decision. A combination of these factors then influences a 
producer’s final decision regarding the adoption of a pest management strategy. 
Producers also take other factors into account, including subjective preferences and 
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beliefs, to determine if they want to maximize profit, satisfy their desires or attempt 
to maximize their utility. This helps explain why some producers adopt a subset of 
IPM practices at the expense of profit.

Producers’ attitudes to resource allocation can be dependent upon time and the 
net returns of actions. Australia specializes in producing bulk commodities with low 
inputs. The development of variable output and marginal prices leads to a system of 
low management inputs. For example, wheat crops are generally only sprayed once 
for insects. Beef is primarily produced on open rangelands systems without the need 
to overwinter stock thus limiting the need for preventative disease management. 
The combination of low inputs, marginal returns and time poor individuals often 
leads to the use of chemicals where possible. If the use of IPM requires increased 
time and inputs, then there has to be a net positive return to the producer. This then 
raises several questions: are we using IPM as it is the only option left? Or does it 
provide a clear market advantage? Or is it just “dumb luck” in the production sys-
tem choice?

Every policy has positive and negative implications for alternative sections of 
the community. There are always winners and losers but the objective of ‘good’ 
policy is to attempt to improve. Policies at an international, domestic and indus-
try levels are not constant but are continuously evolving, changing the incentives 
and disincentives for a given outcome. Sometimes the end point of a policy is not 
what was expected. This can provide positive and negative outcomes for farmers, 
the environment, the community and the economy as a whole. The current lack of 
information on what are the current economic problems, the emerging problems 
and a framework for forecasting the next adverse pest requires a mythical ‘silver 
bullet’. This prevents the requisite detailed discussion to drive policy decisions to 
the next level.

The inability to analyze the policy at the next level may be a blessing in disguise. 
This chapter has barely scratched the surface of the policy winners and losers, as 
well as the difficulties in attempting to quantify the economic benefits and costs 
throughout society, the environment and the economy. Since the domestic pest man-
agement policies work with international SPS policies, perhaps this lack of clarity 
in the debate is a deliberate strategy for Australia. If only one country brings clarity 
to the discussion in the international arena, it may create a self-defeating outcome 
(Adamson and Cook 2007).

Perhaps the only certainty we have in evaluating Australia’s policies on pest 
management is that despite the quarantine barriers sooner or later the plain ‘dumb 
luck’ described by Donald (1982) will run out as geographical barriers are over-
come with both the increased speed and volume of trade. A single ‘BSE’ style event 
in Australia will have ramifications that are not yet in the public consciousness.
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