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Abstract

Management of ecosystem services (ES) is vital to maintain and improve
the productivity of agricultural systems in order to meet the food demands of a
growing human population. However, some land management practices can
severely reduce the ecological and financial contribution of some of these
services to agriculture, which in the longer term can offset the ability of
farming to produce large amounts of food and fibre. Therefore, to improve the
understanding and enhancement of these services, it is crucial to know the
opinions of farmers who manage ES on their land. Being in close contact with
the land provides them with an opportunity to understand its natural processes
and functions as well as to act as its stewards. This paper describes ES
associated with arable farming in Canterbury, New Zealand and analyses the
results of a survey of farmers’ perceptions of these services. There was no
difference between the measured perceptions of these services by organic and
conventional farmers except in the case of biological control. However, organic
farmers gave a higher score to 16 individual services compared with
conventional farmers. Also, for organic farmers, the importance of some of
these services increased significantly with the number of years the farmers had
been operating under an organic regime.

Keywords: arable farmland, ecosystem services, farmers’ perceptions, New
Zealand, organic farming.
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Introduction

Agriculture is the major cause of land use change (Goldewijk &
Ramankutty, 2004; UNEP, 2005; Vitousek et al., 1997), leading to
environmental destruction and associated loss of ecosystem services (ES)
(Heywood, 1995; Krebs et al., 1999; Tilman et al., 2001). Therefore, a growing
human population and associated increasing food demands make the challenge
to maintain and enhance ES in agriculture greater than in other ecosystems
(UN, 1992; Pinstrup-Andersen, 1998).
Agricultural activities before the twentieth century were dependent mainly
on crop rotation and the reduction of pests and diseases through diverse agroecosystems (Ernle, 1961). Farmers were able to meet the food requirements of
human populations without being highly dependent on external chemical
inputs. They had an instinctive, if not scientific understanding of nature and its
services (Pretty, 2002). In New Zealand, Maori (and other ‘first people’
cultures elsewhere) often have a profound understanding of inter-generational
sustainability issues. This is expressed among the largely oral Maori culture as
kaitiakitanga.
However, since the onset of the industrial revolution, and especially more
recently, farmers are becoming very susceptible to pressures imposed by
expanding international food markets (Aksoy & Beghin, 2005). These markets
demand higher production and year-round availability of many products. This
has led to massive expansion and intensification of agriculture (Tilman et al.,
2002), which is heavily dependent on fossil fuels, chemical fertilizers and
pesticides. This ‘substitution agriculture’ has resulted in the loss of valuable ES
(Daily, 1997; Reid et al., 2005) as well as leading to other detrimental effects
(National Academy of Sciences, 2001; Tilman, 1998; Tilman & Lehman,
2001) and high ‘external costs’ (Pretty, 2005; Pretty et al., 2000; Pretty et al.,
2001; Tait et al., 2006; Tegtmeier & Duffy, 2004). These ‘external costs’ of
chemical-dependent, intensive agricultural practices include severe damage to
soil fertility, water, biodiversity and human health.
This has led to world-wide concerns about the environmental consequences
of modern agriculture (Reid et al., 2005). There is also the additional concern
that as the world approaches ‘peak oil’, agriculture may no longer be able to
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depend so heavily on oil-derived ‘substitution’ inputs (Pimentel & Giampietro,
1994). Such a grave situation does not detract from the responsibility of
agriculture to meet the food demands of a growing population but it does
question its ability to increase yields without further ecosystem damage
(Escudero, 1998; Pimentel & Wilson, 2004; Tilman, 1999).
The key challenge is to meet the food demands of a growing population and
yet maintain and enhance the productivity of agricultural systems (UN, 1992).
There is therefore currently an increasing interest in the services provided by
nature. As the economic value of the direct and indirect benefits of ES are
substantial (Costanza et al., 1997; Daily et al., 1997b; Sandhu et al., 2005),
there is growing awareness of the utilisation of these services for the long-term
sustainability of agro-ecosystems and their ability to provide increased
production while maintaining ES (Gurr et al., 2004: Pretty & Hine, 2001;
Tilman et al., 2006).

Background to the current work

Agriculture is both a consumer and a producer of ES (Heal & Small, 2002;
Sandhu et al., 2005; Takatsuka et al., 2005a). A number of ES are utilised to
produce others such as food, which is supported by the maintenance of soil
fertility, plant protection, water regulation and many other services (Daily et
al., 1997b). Food and fibre production are valued in commercial markets and
the foremost objective of modern agriculture is to maximise commercial gains.
However, doing so usually results in the decline of other valuable ES.
However, the concept of using ES to enhance farm sustainability is growing
worldwide (Gurr et al., 2004; Kremen, 2005; Matson et al., 1997; Robertson &
Swinton, 2005). Researchers and practitioners aspire to strike a balance
between production and consumption of ES in agriculture for long-term farm
sustainability (Bjorklund et al., 1999; Firbank, 2005).
Sustainable agriculture involves the use of agricultural technologies and
practices that maximise the productivity of the land after considering all the
costs and benefits (Altieri, 1995; Thrupp, 1996; Pretty, 1995; Pretty & Hine,
2001; Tilman et al., 2002). Organic agriculture is considered to be one of the
production systems that aim to achieve sustainability (Lampkin & Measures,
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2001; Mäder et al., 2002; Reganold et al., 1990). The estimated magnitude of
ES is very high in organic agriculture compared with high-input substitution
agriculture (Takatsuka et al., 2005a). It is well established that organic farming
delivers more environmental benefits compared with conventional practices
(Mäder et al., 2002; Pacini et al., 2003; Pimentel et al., 2005; Swift et al.,
2004). The provision of ES is higher in organic than in conventional farms
(Sandhu et al., 2005). Organic farmers are more dependent on ES because most
chemical inputs are prohibited.
They are also more concerned about the environment than are those who
farm conventionally (Egri, 1999; Fairweather & Campbell, 2003). However,
information on the importance of ES on farmland and the perceptions of
farmers who manage ES (Edling, 2003) is limited. Farmers have deep ties to
the land as they earn their livelihood from it and this can provide them with an
opportunity to have an appreciation of natural processes and functions as well
as to act as stewards of their land (McCann, 1997). Also, by understanding the
perceptions of arable farmers, new eco-technologies based on the novel
application of sound ecological knowledge can be targeted to design efficient
farming systems by involving the ‘end-user’ at the conceptual stage, not
through ‘end-of-project’ attempts to sell research results to hitherto previously
un-involved farmers (Chambers, 1990; Pretty, 1995; Warner, 2006). The
research in this paper aims to explore the extent of appreciation of on-farm ES
by farmers in relation to within- and off- farm benefits. It surveyed organic and
conventional farmers in Canterbury, New Zealand in 2005.

Aim of the Study

Agriculture contributes 16% of the annual Gross Domestic Product (GDP)
in New Zealand (Statistics New Zealand, 2003). About half of the New
Zealand land area is under pastoral or arable agricultural production. Arable
landscapes are intensively ‘engineered’ systems, designed to maximize the
delivery of socially valued goods and services (Cullen et al., 2004; Cullen et
al., 2006; Sandhu et al., 2005). As is the case worldwide, some New Zealand
arable farming practices can reduce the ability of the ecosystem to provide
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goods and services while others may enhance the latter (Sandhu et al., 2005;
Takatsuka et al., 2005a).
The focus of this study is on one sector of an engineered ecosystem (arable
farming) and since the province of Canterbury is the major arable area in New
Zealand, this work addresses the perceptions of arable farmers in that province
towards ES in both conventional and organic systems. A conceptual model
depicting the perceptions of farmers of ES is outlined in Fig. 1.

Ecosystem Services in Agriculture

ES associated with farming are classified into four groups, as explained by
Reid et al. (2005). Based on the ES literature and discussion with experts,
several ES have been identified in agriculture (Cullen et al., 2004; Reid et al.,
2005; Takatsuka et al., 2005b). These are summarised in Table 1. Although
these types of ES have been defined and explained in the economics literature,
they are dealt with here, specifically for a biological/agricultural readership.
Each of the ES is defined below with special reference to Canterbury, New
Zealand arable land.

(1) Supporting services

These are the services that are required to support the production of other
ecosystem goods and services. In this case they support food goods.
Suppression of these services can lead to their substitution with external inputs.
Key supporting ES associated with arable farming are described below.

(1a) Pollination
The transfer of pollen grains from anthers to stigmas is pollination (Free,
1970). Of the 1330 crop species, two thirds require animal pollinators (Roubik,
1995). Of the 100 crop species that provide 90 percent of human food supplies,
71 are bee pollinated (Prescott-Allen & Prescott-Allen, 1990). The dependence
of important food crops on pollination makes this service crucial in agriculture.
Earlier work provides information about the value of pollination services
(Gordon & Davis, 2003; Kremen et al., 2002; Matheson, 1987; Pimentel et al.,
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1997; Ricketts, 2004; Ricketts et al., 2004). Extensive use of insecticides in
agriculture is leading to a decline of this ES (Nabhan & Buchmann, 1997,
1998) which is worth US $200 billion annually in cropland worldwide
(Pimentel et al., 1997). The value to New Zealand is estimated to be in the
range of US $1.4-2 billion annually (Matheson, 1987; Matheson & Schrader,
1987). New Zealand arable land produces high-value seed crops including
clovers that fix atmospheric nitrogen and require bees for pollination. The grain
and seed industry in New Zealand is worth US $300 million annually
(www.maf.govt.nz/mafnet/rural-nz/overview/nzoverview012.htm). To provide
increased pollination services for this industry, farmers rent honey-bee hives
every year, adding to the costs of production. Any major reduction in
populations of pollinators will lead to severe losses to the seed industry. This
ES therefore plays a vital role in the economy of Canterbury, New Zealand.

(1b) Biological control
Biological control of pests, diseases and weeds is crucial to the production
of crops. Ninety-nine per cent of the populations of agricultural pests and
diseases are controlled by their natural enemies - predators, parasites, and
pathogens (de Bach, 1974). The provisions of this ES are higher in organic
compared with conventional agriculture (Sandhu et al., 2005). Intensification
of agriculture, with associated habitat destruction, has led to a severe reduction
of this ES, which is worth US$ 100 billion annually in cropland worldwide
(Pimentel et al., 1997). Severe detrimental effects (such as damage to human
health) from increasing pesticide applications in agriculture are also well
documented (Pretty, 2005). High environmental and economic costs of
pesticide use worldwide are also evident (Pimentel et al., 1992; Pretty, 2005).
It is estimated that 2.5 million tonnes (active ingredients) of pesticides are used
worldwide in crop production (Pimentel et al., 1992). In New Zealand, 3200
tonnes (active ingredients) of pesticides that includes fungicides and herbicides
are applied yearly to soils (Holland & Rahman, 1999). There has recently been
an increase of 27% in pesticides use over a period of four years in New
Zealand (Manktelow et al., 2005). Biological control, if properly utilised on
farmland can result in annual savings worth billions of dollars and these
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services can be enhanced using ‘ecological engineering’ principles (Gurr et al.,
2004).

(1c) Services provided by the soil
Soil supports crops by providing shelter to seeds, aeration, plant support,
nutrients, water, accumulation of carbon and fixing atmospheric nitrogen
(Brady, 1990; Daily et al., 1997b; de Groot et al., 2002). Each of these services
is vital for the growth of plants. For successful farming, healthy soils are a
prerequisite. The economic value of the services provided by soil was
estimated by Pimentel et al. (1997) to be $1.2 trillion per year worldwide.
Carbon accumulation in soils was considered by Garcia-Torres et al. (2003) as
an important alternative to offset the emissions of CO2 in the atmosphere by
industry and other human activities. Practices such as crop residue
management, zero or minimum tillage or conservation agriculture can increase
carbon accumulation in soils (Garcia-Torres et al., 2003; Magdoff & Weil,
2004). Nutrient mineralisation in the soil provides minerals to plants. Soil
fungi, bacteria and micro- and macro-fauna decompose organic matter to
release these nutrients (Brady & Weil, 2004). This process can be enhanced by
appropriate rotations of crops and by maintaining or increasing soil organic
matter. Low-carbon, mineral and un-vegetated soils are more prone to erosion
by wind and water. Also, improved activity of soil organisms in the soil by
adding mulches or cover crops can decrease the incidence of plant diseases by
accelerating the decomposition of overwintering life stages of plant diseases
and improving plant vigour (Jacometti et al., in press). Well-structured soils
with ample cover protect against erosion. Annually, large quantities of
nutrients are lost due to soil erosion by wind and water (McLaren & Cameron,
1996). Tall crops such as maize require well-structure soils to provide a good
anchor for the roots to prevent lodging.
Soil formation is also an important ES provided by soil biota (Breemen &
Buurman, 2002). Earthworms are the most important component of the soil
biota in terms of this service and the maintenance of soil structure and fertility
(Edwards, 2004; Lee, 1985; Stockdill, 1982). According to Pimentel et al.
(1995), soil biota aid the formation of approximately 1 tonne ha-1yr-1 of topsoil.
Earthworms also maintain soil nutrient levels by mixing the soil, providing
8

nutrients in the plant root zone. Nitrogen fixation by growing legumes can
provide all or some of the nitrogen required by the subsequent crop. In
Canterbury, New Zealand, clovers are still used as a restorative phase in this
way even though the use of urea has increased markedly over the last few
decades (PCE, 2004).

(1d) Services provided by shelter belts and hedges
Shelterbelts on farmland benefit crops and farm animals by improving
yields and quality (Kort, 1988; Sturrock, 1969). This is because of reduced
wind speed, minimising soil erosion, improving microclimate and giving
higher levels of soil moisture (Kort et al., 1988). They also provide shelter and
pollen/nectar resources to pollinators (Norton, 1988) and to natural enemies
that perform biological control of pests and diseases (de Groot et al., 2002;
Heal & Small, 2002; Landis et al., 2000; Thomas et al., 1991). In Canterbury,
New Zealand, good shelter can increase crop yield up to 35 per cent (Sturrock,
1981).

(2) Provisioning goods and services

These include food and services for human consumption, ranging from raw
materials and fuel wood to the conservation of species and genetic material (de
Groot et al., 2002, Reid et al., 2005). These goods and services are produced in
agricultural landscapes by consuming some of the supporting and regulating
services.

(2a) Food
Modern agriculture is feeding over 6 billion people worldwide and it is
estimated that with an increase in population to 9 billion by 2050, global food
demand will double (Pimentel & Wilson, 2004). Agriculture has played a
major role in shaping the environment as well as the economy of the world.
Although natural ecosystems are sources of a considerable amount of wild
foods, including fish, the needs of the growing population will be largely
fulfilled by agriculture.
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(2b) Raw materials
Agriculture also produces raw materials in the form of fibre, fuel wood,
pharmaceuticals and industrial products (Daily et al., 1997b). Arable farming
in Canterbury, New Zealand produces straw, fuel wood, medicinal plants etc.,
as well as food and seeds.

(2c) Conservation of species and genetic resources
Agriculture can provide for the maintenance of genetic material and
conservation of species of plants and animals on farmland. Many species have
been improved by using genetic resources from their wild relatives by crossbreeding. Further, these resources can be obtained from cultivated plants and
domesticated animals in the absence of wild relatives (de Groot et al., 2002).
Hedges and shelterbelts around arable fields are major refugia for plants and
animal species which are rare, transient or absent on the cultivated parts of the
farm (MacLeod et al., 2004; Pollard et al., 1974; Thomas et al., 1991, 1992).

(3) Regulating services

Ecosystems regulate essential ecological processes and life-support systems
through bio-geochemical cycles and other biospheric processes (Costanza et
al., 1997; Daily, 1997). Hydrological flow in the plant-soil-atmosphere plays a
critical role in arable farming. The hydrological cycle renews the earth’s supply
of water by distilling and distributing it (Gordon et al., 2005). The earth’s
atmosphere contains approximately 1.3x1013 m3 of water (which is 0.001% of
the water in oceans) and is the source of the rainwater that falls on earth
(Pimentel et al., 1997). This rainfall is collected in lakes, rivers and oceans or
seeps into the ground and eventually evaporates or transpires to the air from the
leaves of plants; the latter is known as evapotranspiration. One rainforest tree
can return at least 10 million litres of water to the atmosphere in 100 years
(Myers, 1996). In contrast with this, maize crops occupying roughly the same
area as taken up by a rainforest tree (but for only part of the year) transfer 50
million litres in 100 years (Myers, 1996). This rate of use of ground water
would greatly exceed inputs, whereas that of the tree would not.
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(4) Cultural services

Cultural services contribute to the maintenance of human health and wellbeing by providing recreation, aesthetics and education (Costanza et al., 1997;
de Groot et al., 2002; Reid et al., 2005). Agriculture provides these services as
some farmers conserve field-boundary vegetation or enhance landscapes by
planting hedgerows, shelterbelts or native trees. Arable farms in Canterbury are
characterised by highly managed shelterbelts. Although there is a very welltravelled ‘scenic route’ in Canterbury, New Zealand (State Highway 72) which
features farmland which is considered to be attractive by motorists, most of this
vegetation comprises non-native species such as Cupressus macrocarpa
(Hartw. ex Gordon).
Some farms provide accommodation and recreational activities for family
members as well as for national and international visitors. ‘Farm stays’ are
very common in Canterbury, especially on organic farms. Participation of
farms in research and education enhances this cultural service (Warner, 2006).

However, the perceptions of, and attitudes to the provision of ES in
Canterbury, New Zealand arable farmland by farmers in that province have not
been quantified. This knowledge is important in the development of statutory
policies and voluntary practices to enhance functional diversity on arable land.
This paper quantified Canterbury arable farmers’ attitudes to the provision of
ES by conventional and organic farming practices in that province.

Materials and Methods

Site description

The province of Canterbury is the major arable area of New Zealand,
comprising 125,000 ha of arable land. Fifteen arable farmers were selected in
September 2004 from throughout the Canterbury Plains, New Zealand and
seven of these were practising organic agriculture while eight used
conventional methods. Of the seven organic farms, three were certified by
AgriQuality (www.agriquality.co.nz), New Zealand and four by BIO-GRO
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(www.bio-gro.co.nz), New Zealand. Both certifiers are accredited with
IFOAM, the International Federation of Organic Agriculture Movements
(www.ifoam.org).
A list of arable farmers in Canterbury was obtained from the Foundation for
Arable Research (www.far.org.nz), Lincoln and OPENZ (Organic Products
Exporters of New Zealand; www.organicsnewzealand.org.nz) provided the
contacts for all organic farmers. The latter were contacted first by sending a
letter, followed by a telephone call and a meeting to collect detailed
information about the farming practices such as crop rotation and the crops
grown, as well as soil type. After this, conventional arable farmers within 5 km
of the selected organic farms were contacted. These were selected within this
radius because they were growing similar crops on similar soil types.

Survey methodology

First, a Delphi panel of experts (Angus et al., 2003; Brooks, 1979; Curtis,
2004) was used to place all the ES identified in this work into one of five
categories in terms of whether the perceived benefits were attributable mainly
to private or public entities. The panel comprised three ecologists and two
resource economists.
The five categories allocated for ES were: (1) purely private, (2) mostly
private, (3) in between the two, (4) mostly public and (5) purely public. Each
of the identified ES was considered once as a good and then as a benefit.
Goods are those articles that can be traded whereas benefits are those that
promote or enhance human well-being but which are not usually traded
(McTaggart et al., 2003). Members of the panel were requested to provide one
rating for each ES. In the first round, each member provided a rating for each
ES. In the next round, the initial results were sent to the members such that
they could reconsider and modify their initial estimations in the light of the
first round estimations. The final results were presented after the panel came to
a consensus over the allocation of ES into different categories.
Next, data were collected by face-to-face surveys of each selected farmer.
A survey questionnaire was prepared, covering the demographic details of
farms, farm management practices and perceptions of ES. Each farmer was
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asked to rank the importance of the listed ES (Abeyasekera et al., 2001). The
rankings were on a score of 1-5, one being least important, 3 being moderately
important and five being highly important for their farming. Fisher’s exact test
was used to compare the perceptions of individual ES by organic and
conventional farmers.

Results

The Delphi exercise resulted in categorizing the identified ES as different
categories of goods and benefits (Table 2). When all the ES were considered as
goods, 14 were identified as private, two in between (soil erosion control and
aesthetics) and three as public goods (conservation of species, maintenance of
genetic resources and science/education). For benefits, 11 were identified to be
purely private, five in between (pollination, soil erosion control, nitrogen
fixation, hydrological flow and aesthetics) and three purely public
(conservation of species, maintenance of genetic resources and
science/education).
The mean values for perceptions of the importance of ES to organic and
conventional farmers obtained by the scoring exercise are presented in Table 2.
It is noteworthy that two ES (pollination and soil fertility) were ranked as most
important by organic as well as conventional farmers (Figures 2 & 3).
Conventional farmers rated 11 ES at a score of 3 or more. This includes seven
supporting, three provisioning, one regulating and none of the cultural services.
Eight ES were given scores lower than 3 by these conventional farmers. In
contrast, organic farmers rated 16 ES at 3 or more; these included nine
supporting, four provisioning, one regulating and two cultural services. Only
three ES were ranked below 3.
Organic farmers considered most of the supporting services (which provide
private goods and benefits) as highly valuable for their farming systems and
also ranked the cultural services (which provide public goods and benefits)
higher than some of the provisioning and regulating services (Fig. 2). However,
conventional farmers rated only the provisioning services, such as food
production (which have high economic value) as highly important (Fig. 3). The
responses of conventional farmers indicated that they also considered some of
13

the supporting services to be important, as demonstrated by mean values of 3
or more for these ES (Table 2).
Organic and conventional farmers did not differ significantly for their
perceptions of ES except for biological control (p<0.05). When the responses
of organic farmers were analysed in relation to the number of years their land
had been certified organic, there was a significant (y = 0.0673x + 3.1224; R2 =
0.61; p<0.05) relationship with time for supporting services. However, in terms
of their perception of provisioning, cultural and regulating services there was
no significant change with time.
Organic farmers depend on nature’s services for production, therefore there
is increasing importance of these ES, particularly supporting services. Farmers
can achieve desired outcomes only by utilising these nature’s services in the
absence of most external chemical inputs.

Discussion

Ecosystem services in agriculture

In Canterbury, New Zealand, arable farms comprise highly modified
landscapes designed to generate revenue for farmers. Farmers use chemical as
well as natural inputs to produce food and fibre. The latter are the ES that have
been identified and classified here. Intensive agriculture largely replaces these
ES with chemical inputs, resulting in a decrease in their value and importance
on farmland (Sandhu et al., 2005). This ‘substitution agriculture’ has also to a
large extent replaced these ES worldwide in the 20th century. Severe
environmental destruction, increasing fuel prices and the external costs of
modern agriculture have resulted in increased interest among researchers and
farmers in using ES for the production of food and fibre (Costanza et al., 1997;
Cullen et al., 2004; Daily, 1997; Gurr et al., 2004; Robertson & Swinton, 2005;
Tilman, 1999; Tilman et al., 2006).
Increasing concerns about intensive agriculture and its detrimental effects
have led to the development of sustainable agricultural practices such as
organic farming (Anon., 1994). At present, this is practised on 31 million ha
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worldwide with a global market of US $26.8 billion, which is increasing at
20% per year (Willer & Yussefi, 2006).
Previous studies have classified and described various ES at a regional or
global level (Costanza et al., 1997; Daily, 1997; de Groot et al., 2002; Wilson
et al., 2004; Takatsuka et al., 2005a). However, this study focuses on one
sector of an ‘engineered ecosystem’ (arable farming) and addresses both
conventional and organic systems in Canterbury, New Zealand. ES operating
on arable farmland have been classified as goods as well as benefits using the
Delphi technique (Brooks, 1979) in this study. These ES have been described
individually as private or public goods and benefits. Individual farmers derive
more immediate advantages from these ES compared with the benefits to the
general public (Daily et al., 1997a; Heal and Small, 2002). However, the public
also derives aesthetic and other advantages from these ES which are
maintained and enhanced on farmland (Anon., 2001; Takatsuka et al., 2005a).
Further research is required to study the net private and public benefits of ES
on farmland. Better understanding of the importance of ES by farmers and the
public is required to enable the inclusion of this natural, social and cultural
capital into assessments of gross national product (GNP) (Williams, 2004).

Perceptions of ES by farmers

To ensure the sustainability of agriculture and to minimize associated
detrimental effects, it is imperative to evaluate and enhance ES on farmland
(Tilman et al., 2002). In the present work, although a larger sample size would
be required for a full understanding of the importance of ES on New Zealand
farmland, that used here is not atypical of studies using this type of scoring
exercise (Abeyasekera et al., 2001; Silvano et al., 2005). The literature
provides information on farmers’ perceptions of single ES (Johns, 1999;
Leenders et al., 2005; Silvano et al., 2005; Quansah et al., 2004) or on farmers’
general environmental awareness (Fairweather & Campbell, 2002; McCann,
1997). To date, no study has evaluated the perceptions of farmers towards ES
in arable farming.
Intensive agriculture in the past has made some unprecedented changes to
agroecosystems, resulting in declines in ES (Reid et al., 2005). As farmers
15

became more dependent on ‘substitution’ agriculture in the last 50 years, they
ignored the importance of ES. However, this study confirmed that there is
moderate to high awareness of the importance of these services among two
groups of arable farmers, irrespective of whether they intended to utilize these
services or not.

Perceptions of ES by conventional farmers
Although conventional farmers in this study depend heavily on external
chemical inputs they also rated certain key ES as very important for their
farming. The top five were pollination, soil fertility, food production, soil
erosion control and hydrological flow. A better understanding of the
detrimental effects of current conventional farming practices has made these
farmers more aware of the role of ES on their farmland (Fairweather, 1999;
Storstad & Bjørkhaug, 2002). While intensive agricultural practices are
associated with a decline in pollination and soil fertility (Daily et al., 1997a;
Kremen et al., 2004; Nabhan & Buchmann, 1997), these were the top two
services identified by conventional farmers to be highly important. It could be
inferred that the recognition of the importance of ES by conventional farmers
provides an opportunity for researchers and policy makers to offer alternative
tools, techniques and incentives to incorporate new thinking into practice
(Silvano et al., 2005). There is a need for practical advice on how to capture ES
in agriculture; defining the SPU (Service Providing Unit; Luck et al., 2003) is a
key step in this process. An SPU is a characterization of which species
provide(s) the service, how many individuals are needed and how to deploy
this provider of ES in the agricultural landscape. A good example in which this
has been done is “beetle banks’ (Sotherton, 1995; Thomas, 2000); the plant
type, where and when to use it and its benefits (for pest biological control in
this case) have all been quantified and the practice has been widely adopted
(Bowie et al., 2003; Collins et al., 1997; MacLeod et al., 2004). More
examples of this type will help to ameliorate some of the profound negative
effects of ‘substitution’ farming. Higher food production per unit area per unit
time is the goal of arable farmers to maximise their profits. This is very
important but surprisingly its score for conventional farmers was below the
scores for pollination and soil fertility. This suggests that an awareness of long16

term sustainability may sometimes over-ride short-term profit motives
(Andreoli & Tellarini, 2000; Freyenberger et al., 2001) and that the associated
need for clearly-defined SPU, is high.

Perceptions of ES by organic farmers
Organic farmers are more dependent then are conventional ones on nature’s
services to support production of food and fibre. Not surprisingly, they ranked
key (soil fertility, pollination) ES as most important. Organic farmers utilize
appropriate crop rotations and practise sustainable land management to grow
food (Lampkin & Measures, 2001). It became clear in this study that this
category of farmers adopts those practices that maintain and enhance ES on
farmland. There is strong motivation amongst this group to regard ES other
than as a provider of premium profits for their produce (Fairweather, 1999).
Recognition of some of the ES as highly important provides opportunities to
researchers to target the improvement of these services in future (Gurr et al.,
2004; Swift et al., 2004).

This study described various ES as goods and benefits and showed the
importance of ES by organic and conventional arable farmers. Two hypotheses
put forward in Fig. 1 were rejected: these were that the importance of public
goods and benefits is low for conventional practitioners and that the
importance of private goods and benefits is low for organic practitioners.
Results suggests that conventional farmers also consider ES as important in
farming but unlike organic farmers do not utilize these services as much
because there are no direct incentives for them in the markets (Kumar, 2005).
However, organic farmers have limited choices on the use of external inputs
and obtain premium prices for their produce, so they are increasingly using
these services in farming (Kasperczyk & Knickel, 2006; Sandhu et al., 2005).
The awareness of consumers towards environmental change and factory
farming-techniques driven by supermarkets (Lyon et al., 2003) are putting
more pressures on these markets to provide environmentally safe food (e.g.,
www.waiparawine.co.nz). Conventional food producers which export their
produce need to respond to the increased global trade which may nevertheless
include non-tariff trade barriers (Anderson & Josling, 2005) and increasingly
17

need to provide pesticide free food (Cranfield & Magnusson, 2003) to distant
sophisticated markets.
Information on the vital role played by ES on farmland can be used by
researchers and policy makers to increase ecological and economic wealth in a
sustainable way. This can ‘future-proof’ agriculture in an increasingly
uncertain food-production environment (Kristiansen et al., 2006). Further
research is required to study those ES which are of more interest to different
group of farmers, based on their land management practices. Increased use of
ES on farmland is possible only if the farmers are given ownership of them,
share the benefits of maintaining them on their farmlands and are involved in
decisions to safeguard them at regional and national level (Pretty, 2002, Vos,
2000; Warner, 2006).

It is concluded that ‘poachers’ can indeed turn into ‘gamekeepers’ as
farmers’ attitudes change as conventional producers shift to organic farming
and as conventional growers become increasingly aware of environmentallybased market pressures.. Also, organic farmers increasingly appreciate the
importance of ES for sustainable food and fibre production, minimising the
social and environmental risks associated with the ‘poaching’ of resources in
high-input, fossil-fuel-based agriculture.
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Table 1 Ecosystem services associated with arable farming (adapted from
Cullen et al., 2004 and Takatsuka et al., 2005).
Provisioning services
Regulating services
Food
Hydrological flow
Raw materials
Fuel wood
Conservation of species
Maintenance of genetic
resources
Supporting services
Pollination
Mineralization of plant
nutrients
Biological control
Soil fertility
Carbon accumulation
Soil erosion control

Cultural services
Aesthetic
Recreation
Science and education

Support to plants
Soil formation
Nitrogen fixation
Shelterbelts

34

Table 2 Perceived importance of ES by organic and conventional farmers on a
scale of 1-5.
Ecosystem services

Organic
farmers’
responses
(mean)

Conventional
farmers’
responses
(mean)

1
2
3
4
5

Supporting services
Pollination
Biological control
Carbon accumulation
Mineralization of plant nutrients
Soil fertility

4.8
3.7
3.2
3.7
4.8

4.7
2.6
2.6
3
4.5

6
7
8
9
10

Soil erosion control
Support to plants
Soil formation
Nitrogen fixation
Shelterbelts

4
2.5
3.8
4
3

3.8
2.8
3.6
3.6
3.6

11
12
13

Provisioning services
Food
Raw material
Fuel wood

3.7
3.2
2.1

4.2
2.7
2.3

14
15

Conservation of species
Maintenance of genetic resources

3.5
4

3.3
3.5

3.7

3.7

3.5
2.5
3

2.7
2.1
2.7

16
17
18
19

Regulating services
Hydrological flow
Cultural services
Aesthetic
Recreation
Science and education
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Figure captions

Fig. 1 Conceptual model depicting perceptions of ecosystem services in
organic and conventional agriculture.

Fig. 2 Ranking based on the perceptions of organic farmers regarding the
importance of each ES.

Fig. 3 Ranking based on the perceptions of conventional farmers regarding the
importance of each ES.
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