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Abstract

Little comparative research has specifically used farmers’ understandings of agricultural weeds
and herbicides usage as important indicators of their environmental decision making and beha-
viours. This paper proposes that “organic’ farmers”, already attuned to environmental ideas, may
be more likely to have favourable understandings and behaviours towards agricultural weeds as
an integral part of environmentally sustainable agricultural farming systems than “conventional”
farmers. Using a behavioural approach, the ways in which farmers’ (situated in central-southern
England) understandings influence their environmental behaviours were examined. Most “con-
ventional” farmers’ fields were kept relatively weed-free through herbicide usage. This contrasted
with “organic” farmers having less concern about removal of weeds (with their associated inver-
tebrates and seeds) which they understood contributes significantly towards biodiversity and
agricultural sustainability. A remarkably high 92 per cent of “organic” farmers were critical of
“conventional” farmers’ using herbicides and pesticides, asserting that lack of pesticide and herbi-
cide usage as core reasons for their sustainability. This contrasted with most “conventional” res-
pondents who claim they used as few chemicals as practicable to minimise environmental damage
to soil and water, while maintaining adequate crop levels. Nevertheless, such environmental un-
derstandings and behaviours may not always be indicative of any differences that may be found
between those farmers commonly classified as “organic” and “conventional” in the UK as a whole.
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1. Introduction

This paper adopts a behavioural approach to examine the understandings and behaviours of those farmers com-
monly known as “organic” and “conventional” in relation to agricultural weeds, herbicide and pesticide usage,
biodiversity and other selected environmental influences on agricultural sustainability. Reference [1] defined
weeds as: “... plants that impact adversely on economic, aesthetic or environmental aspects of any system”. In
practice, however, any vegetation that comes up in a field that the grower did not plant is often called a weed [2].
Weeds are successful and unusually competitive organisms which exhibit the ability to reproduce when young
under a broad range of conditions and make an important contribution to biodiversity. Within the context of this
research, biodiversity is defined as the variability of all living organisms on a respondent’s farm, including spe-
cies diversity, diversity within species and genetic diversity. A range of studies have argued that organic agri-
cultural methods generally increase biodiversity [3]. Importantly, a larger and more diverse weed seed-bank can
contribute significantly to biodiversity [4]. Indeed, [5] claim that farm weeds have a “crucial” role in sustainable
agriculture. Sustainability, defined in the Brundtland Report as: “development that meets the needs of the
present without compromising the ability of future generations to meet their own needs” [6], is a multi-faceted
concept having agronomic, ecological, economic, social and ethical components [7], but often means different
things to different people [8]-[11]. There is, however, no absolute measure of sustainability available [12] and,
according to [13], the very idea of what sustainability means, in terms of on-farm practices, is not entirely
self-evident. Recent researchers have done little to engage critically with the concept of environmental sustaina-
bility. This may be because the socially and politically constructed concept is slippery and broad-ranging [14];
but, according to [15], this enables sustainability’s fluid, constructed nature to be used more broadly and crea-
tively, as undertaken in this paper.

Some commentators claim that conventional farming systems in the UK have become environmentally un-
sustainable [16]-[19]. In contrast, organic farming is often seen as a holistic production management system that
promotes and enhances agro-ecosystem health, including biodiversity, biological cycles and soil biological ac-
tivity. It also emphasises the use of management practices, in preference to the use of off-farm inputs, and re-
cognises that regional conditions require locally-adapted systems [20]. In March 2008, [21] endorsed the fol-
lowing definition:

“Organic agriculture is a production system that sustains the health of soils, ecosystems and people. It relies
on ecological processes, biodiversity and cycles adapted to local conditions, rather than the use of inputs with
adverse effects. Organic agriculture combines tradition, innovation and science to benefit the shared environ-
ment and promote fair relationships and good quality of life for all involved”.

There are, however, various organic farming practices, each with its divergent environmental views and value
assumptions involving a variety of alternative methods of agricultural production which evolve as new scientific
research becomes attainable. For example, [22]’s analysis identified two types of organic farmers, “pragmatic”
and “committed”. In contrast, [23] sees organic farming as a family of styles that share some basic assumptions,
rather than a single set of farming practices, while preserving the underlying philosophical perspective of work-
ing with, not dominating, natural systems and having respect for the natural environment [3] [24]-[26]. Accord-
ing to [27], many organic farmers emphasize ecological factors in their decision making processes. Recent re-
search by [28] demonstrated that the majority of small organic farms (examined in central-southern England)
were managed in an environmentally sustainable way by farmers whose environmental understandings and be-
haviours complied with the principles and values that are fundamental to organic farming. Such principles and
standards employed in organic production constitute a radical break with the productivist paradigm [29]. How-
ever, according to [30], concern about weed populations without the use of herbicides has limited the uptake of
organic farming. Farmers rank weeds as the number one barrier to organic production [31]; with many organic
farmers citing weed management as their principle research priority [32]. Herbicides contribute significantly to
agricultural intensification and some negatively impact on non-target organisms [33]. Reference [34] found that
arable organic fields have more species-rich, denser seedbanks than arable conventional fields. Agricultural
weed seeds present an agronomic threat but, importantly, they are also a significant food resource for wildlife in
winter [35]. Reference [36] found strong overall correlations between the number of weed species and the total
species diversity, indicating that arable weeds are “key species”, the loss of which leads to serious changes in
biodiversity.

Some writers are concerned that organic farming systems are becoming “conventionalized” in their produc-
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tion, marketing and distribution methods [37]-[40]. Other commentators claim that commercial organic agricul-
ture has failed to live up to the promise of a realistic alternative to conventional agriculture and a truly sustaina-
ble form of farming [41], while, hopefully, leaving smaller organic enterprises to grow a variety of marketable
crops but resisting economic pressures exerted by large commercial operations [37] [42]. Importantly, other re-
searchers suggest that organic farming systems have the potential to “develop in distinct ways in different na-
tional contexts” [26] [42] [43].

The Weed Science Society of America conducted an online survey of its members; the largest group of which
reported working on research problems focusing predominately on herbicide efficacy and maintenance, funded
mainly by private industry sources. Reference [44], however, suggested that it may be unwise to limit weed
science to such narrowly-defined limits but should be seen as an integrating discipline. Reference [22] claims
that the debate must move beyond its focus on the bifurcation between artisanal and conventionalised organic
farms to enable capture of the full range of empirical heterogeneity. Although weeds offer a serious threat to or-
ganic crop production, relatively little attention has been paid to research on weed management in organic agri-
culture [45] and no comparative research specifically using farmers’ “understandings” of agricultural weeds and
herbicide usage as important indicators of their environmental decision making and behaviours. To satisfy this
gap in the wider contemporary scholarly debate, using a novel approach, this paper aims to assess the environ-
mental behaviours of “organic” and “conventional” farmers, in relation to agricultural weeds and herbicide
usage as important indicators of their environmental understandings towards biodiversity and other selected en-
vironmental influences on agricultural sustainability. In order to achieve that aim, a geographically linked farm/
farmer behavioural study was carried out in central-southern England. This research proposes that “organic”
farmers, already attuned to environmental ideas, are more likely to have favourable understandings and beha-
viours towards agricultural weeds, as an integral part of environmentally sustainable agricultural farming sys-
tems, than “conventional” farmers.

The rest of this paper is divided into six sections. The next section reviews some key dimensions of behavioural
approaches. This is followed by details of the adopted “extensive” and “intensive” research methodologies used
to examine and explain farmers’ environmental understandings. Section four examines and gains insights into the
understandings and behaviours of organic and conventional farmers regarding their awareness and understandings
of three closely related agri-environment themes. The penultimate section uses on-farm intensive qualita-
tive/interpretive interviews to ascertain if the respondents’ understandings and behaviours, in relation to their
productive farm parts, support the findings revealed by the earlier telephone “extensive” interviews. A concluding
section completes the paper.

2. Behavioural Approaches

The classic behavioural approach refers to a broad range of studies that employ actor-oriented quantitative me-
thodologies to understand decision-making [46]. Behavioural approaches allow for the recognition of farmers as
independent managers who often make environmental decisions about their farms independent from the state or
other “official” environmental managers [47]. Although sometimes criticised for their relative neglect of “spatial
science” and “partial” treatment of people [48], behavioural perspectives have been used widely in agricultural
studies [28] [46] [47] [49]-[55] and applied to the analysis and understanding of farmers’ environmental beha-
viours. Farmers make their environmental decisions as they understand it, not as it is, but the action resulting
from their decision ... is played out in a real environment [56]. According to [52], such methodologies can be
standardised and repeatable, thereby making them useful in monitoring change over time for EU policy-makers.
These requirements have contributed to a recent increase in the application of “behavioural approaches” to in-
vestigate issues such as food security.

Behavioural approaches are suitable for examining the environmental understandings and behaviours of far-
mers in relation to agricultural weeds, herbicide and pesticide usage, biological diversity and other selected en-
vironmental influences on agricultural sustainability. However, behavioural approaches which use inflexible
structured questionnaire methodologies and focus on individual decision makers out of their social or familial
milieus may seem rudimentary in attempting to understand human behaviour [46]. To avoid such potential
problems, the type of behavioural approach adopted by this study incorporates a balance of “quantitative™” and
“intensive qualitative/interpretive” work in its analysis and understanding of farmers’ environmental behaviours.
It is sometimes thought that “to know” is to understand, but “to understand” is a considerably more complex
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concept. To comprehend is probably the closest synonym to understand, although that falls far short of revealing
the full meaning of understanding. Understanding can be considered a generalised meaning or insight. An in-
sight is a basic sense of, or feeling for, relationships. A tested generalised insight is an understanding; it is a
meaning or discernment that can be profitably applied to several or even many similar, but not necessarily iden-
tical, situations or processes. The most valuable insights are those confirmed by enough similar cases to be ge-
neralised into an understanding [57].

3. Research Methodology

The methodology used for examining farmers’ understandings and behaviours towards agricultural weeds, herbi-
cide and pesticide usage, biodiversity and other selected environmental influence on agricultural sustainability
was structured in two stages:

Stage one consisted of hour-long “extensive” telephone interviews with twenty-five organic farmers and twen-
ty-five conventional farmers. Central-southern England was selected as the geographical focus of the study be-
cause many organic farms, through a process of spatial rationalisation, have became concentrated in this location
[58]. Recent distribution changes, however, indicate that the greatest concentration of organic farms is now in
south-west England [59]. It is worth noting that structural change in agriculture is leading to fewer, larger and
generally more intensive farms in central-southern England [60]; thereby suggesting a general reduction in biodi-
versity and agricultural sustainability, which smaller organic farms could partly ameliorate. The organic farmers
were classified OF1 to OF25 and the conventional farmers CF1 to CF25 to assist data analysis. Organic farmers,
selected from the official regional Soil Association and Organic Farmers and Growers membership lists, were in-
terviewed first. Each respondent was asked to provide details of a neighbouring conventional farmer who they
thought appropriate for interview. This method provided dependable geographically linked pairs of farmers dur-
ing the investigation. Any concerns about providing a reliable national representative sample were unnecessary as
it was anticipated that the sample study group may or may not be representative of farms and farmers in the UK
as a whole. A questionnaire was designed for use in the “extensive” data gathering approach. These data were
analysed both quantitatively, using summarising statistics, and qualitatively, in the form of farmers’ quotations
and illustrative farm cameos to emphasise the arguments being developed about their attitudes, understandings
and behaviours in relation to agricultural weeds, herbicide and pesticide usage, biological diversity and other se-
lected environmental dimensions of agricultural sustainability.

Stage two of the methodology consisted of 3 hour on-farm “intensive” qualitative/interpretive interviews,
with a sub-sample (10) of five geographically linked pairs of organic and conventional farmers who, earlier in
the investigation, had been part of the extensive telephone survey. The organic farmers were classified OF1 to
OF5 and the conventional respondents CF1 to CF5 to facilitate data analysis. Importantly, the reference classifi-
cations assigned to the ten respondents are not always the same as those used in the telephone interviews. An il-
lustrative sample of different ages, farm holdings of different sizes and systems was selected in preference to a
representative sample. An interview guide was designed which prompted respondents to discuss their productive
farm parts. The interviews were recorded using a Digital Audio Mini Disc-recorder with stereo microphone and
transcribed for analysis soon after. In contrast to the extensive telephone survey, the data generated from stage
two of the methodology were analysed using a textual approach using words and meanings. Any interesting or
unusual quotations and paraphrases made by respondents were analysed in order to demonstrate similar under-
standings and differences. The interviews produced contextual findings relating to the respondents’ environ-
mental understandings and behaviours towards agricultural weeds as important indicators of agricultural sustai-
nability in central-southern England.

4. Investigating Farmers’ Understandings and Behaviours

In this section, the adopted “extensive” research methodology is used primarily to examine and gain insights into
the understandings and behaviours of organic and conventional farmers regarding their awareness and under-
standings of three closely linked agri-environment themes in relation to agricultural weeds, herbicide and pesti-
cide usage, biodiversity and agricultural sustainability.

4.1. Organic Farming Systems

Organic agriculture is often understood as an environmentally friendly way of farming. This attitude was typi-



D. Kings

fied by a comment from OF2: “They [organic farmers] work with the natural environment; basically what they
are doing is making the best of what is naturally there and working along with it”. In more detail: “Yes, | think
by avoiding herbicides and pesticides we are increasing the whole spectrum of insects and micro-organisms in
the soil ...” (OF14). However, in contrast, conventional farmers’ replies were generally not in support of those
understandings and are typified by the following comment: “I think organic grass farmers cause more problems
with nitrates, than I do, by ploughing clover [into their soil]” (CF13).

Respondents were asked what they know about the amount of fossil fuels used by some organic farmers in the
mechanical weeding processes. Those methods of operation involve dragging tines, or hoes, across the soil sur-
face to remove young weeds [61]. Almost all the organic respondents understood that organic arable farmers use
a lot of fossil fuels, typified by answers such as: “... it’s true we do use a lot of fossil fuels in the weeding proc-
esses” (OF4). Most conventional farmers in the survey were not critical of organic farmers in relation to this is-
sue. Typical comments include: “... but they don’t have many options—they have to do that” (CF6). Weed
management, however, can be improved by a range of ecological mechanisms, such as biological control and
crop rotation, without the over-use of mechanical weeding processes [25] [62].

A stacked histogram is used to graphically display the diversity of farmers’ understandings in relation to
whether organic agriculture is environmentally sustainable (Figure 1).

Not surprisingly, considerably more organic than conventional farmers understood that organic agriculture is
an environmentally sustainable form of agriculture. A further fifth of the organic respondents understood that it
could be sustainable: “I think it could be [sustainable] if it’s allowed to be managed properly” (OF18) with al-
most as many conventional farmers supporting those understandings with responses such as: “It depends on the
quality of your land and how good the condition is to start with” (CF20). In contrast, almost a third of conven-
tional farmers understood that organic production is environmentally unsustainable in comparison with only one
organic farmer who agreed with that understanding.

Organic farmers were asked their reasons for their change to, or adoption of, an organic farming system which
is shown in descending rank order (Table 1).

Table 1 shows that 48% of organic farmers say environmental concerns are their main reason for adoption of
organic methods and also a further 20% consider they have always farmed organically. One 45 year old
owner-occupier farmer claimed: “The toxicity of the chemicals used in my intensive agriculture made me feel
quite poorly—nothing but “wall to wall” arable prior to that date except for odd corners | couldn’t crop”, thereby
demonstrating his concerns about health problems associated with herbicide and pesticide usage in conventional
farming (OF10). Another respondent farming 88 hectares, claimed that: “We have always been organic ... al-
ways followed organic principles even when we were conventional farmers”, thereby demonstrating an ecocen-
tric tendency towards the farmed environment and agricultural sustainability (OF12). Of those twelve farmers
who gave environmental reasons for changing to organic, three are unqualified, one has a certificate, two have a
diploma, four a degree, one a higher degree and one a Doctorate which may suggest a link between higher edu-
cation and environmental awareness and understandings. Research by [63] supports those findings.

In contrast, Table 2 provides a list of reasons provided by conventional farmers for their non-adoption of or-
ganic farming shown in descending rank order.

Four key findings emerge from Table 2: first, 28% of conventional respondents said organic farming
wouldn’t suit their type of land; second, 24% gave financial reasons for their non-adoption; third, 20% gave
technocentric reasons for their non-adoption; and fourth, only one conventional farmer said he would consider
changing to organic. One 55 year-old owner-occupier said: “No—I don’t think we have got good enough soil
type on the farm” (CF24). Another conventional 56 year-old respondent, demonstrating his scepticism towards
organic farming, cynically said: “No—because it’s a limited market—there are only a certain number of people
who can afford to pay over the odds for something that’s allegedly organic” (CF8).

Several of the conventional farmers showed technocentric understandings in the above analysis; for example,
believing that organic farming methods are restrictive and rule out modern science. According to [64], technocen-
trism is a mode of thought which recognises environmental problems but believes that society will always solve
them through science and technology and achieve unlimited material growth (cornucopian). This contrasted with
the more ecocentric understandings that most of the organic respondents demonstrated by their reluctance to use
herbicides and pesticides. Ecocentricism can be defined as a mode of thought which regards humans as subject to
ecological and system laws; essentially it is not human-centred (anthropocentric) but centred on the natural eco-
systems, of which humans are just another component [64]. There is a strong sense of respect for nature in its own
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Figure 1. Frequency of farmers’ opinions on sustainability of organic farm-
ing.
Table 1. Reasons for adoption of an organic farming system.
Listed in rank order by reason for adoption Frequency Percentage
Environmental reasons including pesticide concerns 12 48
Considered they had always farmed organically 5 20
Financial reasons including customer requirements 4 16
Not in farming previously 1
Small scale — needed to go intensive or organic 1
Had farmed organically on a previous farm 1
The challenge 1
Total 25 100
Respondents’ range of answers were carefully placed into the above categories.
Table 2. Reasons for non-adoption of organic farming.
Listed in rank order by reason for non-adoption Frequency Percentage
Wouldn’t suit the ground/way we farm 7 28
Financial reasons — producer and buyer 6 24
Cramping, restrictive and ruling out modern science 5 20
Don't think it always works 4 16
Would consider changing to organic 1 4
No, but no reason given 1
My farm is organic for all intents and purposes 1
Total 25 100

Respondents range of answers have been carefully placed into the above categories.

right. A comment from (OF10) typified such respect: “... if my footprint has been light on the world, and not ab-
using, then I will be happy”. It would be unwise, however, to believe that farmers have exclusively technocentric
or ecocentric understandings. The boundaries are likely to be blurred with every farmer favouring elements of
each mode depending on the institutional setting and issues at hand. For example, conventional farmers may be
just as likely as organic farmers to be aware of the dangers of applying high levels of herbicides and pesticides,
but understand that their job requires it. The very nature and constraints of their farming type may influence them
into decisions paths from which they may have difficulty in avoiding.

4.2. Conventional Agriculture

Both survey groups were asked if they understood that conventional agriculture was having negative environ-
mental impacts. The frequency of farmers’ responses have been categorised under the five headings detailed in
Figure 2.

The figure shows that fewer conventional than organic farmers understand that conventional agriculture is
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Figure 2. Frequency of farmers’ response to environmental impacts of con-
ventional farming

having negative environmental impacts. Fourteen (56%) organic farmers understood that conventional agricul-
ture is harmful to the environment in contrast to three (12%) conventional farmers. Another four (16%) organic
farmers said yes, but qualified their answer with specific reasons for their environmental concern such as: “High
levels of nitrate and pesticides on crops”. Another organic farmer with a post graduate degree replied: “not al-
ways, as often as not its not a very good thing—Iike anything at its worst it depends on the farmer and his atti-
tude ...” (OF10). Only one organic farmer said conventional farming is not having any negative impacts com-
pared with 16 (64%) of conventional farmers who agreed with that statement.

Organic farmers were more critical than conventional respondents of the herbicides and pesticides used in
conventional agriculture causing damage to water quality. Organic farmers’ responses to this issue were rela-
tively consistent with 92% saying conventional agriculture is harmful to water quality, epitomised by quotes
such as: “I definitely think it [herbicides and pesticides used in conventional agriculture] has a negative effect on
water quality”, and the remaining 8% saying they were not sure if it is harmful. At the other end of the spectrum,
only 40% of conventional farmers understood that conventional agriculture is harmful to water quality. Some-
times they qualified their answer by typically saying: “It [conventional agriculture] affects it—but a very small
portion—only one part per billion”. Twenty per cent understood that conventional agriculture didn’t affect water
quality, with quotes like: “pesticides—it doesn’t make any difference”. Thirty six per cent qualified their answer
with replies such as: “I think it [conventional agriculture] can have, but it depends on what the situation is in”.
One conventional farmer, with a National Certificate in Agriculture, endeavoured to explain his distinction be-
tween intensive farming methods and conventional farming, claimed: “... organic farmers sometimes have to
farm more intensively [than conventional farmers] as they have to be 100 per cent more switched on” (CF23).
However, the way in which the word “intensively” is used in his observation seems to imply that organic farm-
ers require an intensity of attention towards organic means of production as they do not use herbicides and pes-
ticides.

Analysis showed that the organic farmers in the survey are very critical of herbicide and pesticide use: “If you
keep putting on too much fertiliser and sprays on the land it does affect everything—there is no life in the land”
(OF12). This contrasted with conventional farmers, who understood that they need to use herbicides and pesti-
cides to produce their crops but are generally aware of the dangers of over-use of such chemicals. Typical or-
ganic farmers’ responses included: “They [conventional farmers] are dependent on pesticides for their produc-
tion” (OF1). “Conventional farming is lazy farming, it’s farming out of a can, whereas with organic farming,
you have to farm with your head” (OF2). Some conventional farmers agreed with organic farmers that conven-
tionally produced crops sometimes use high levels of herbicides and pesticides typically claiming: “Farmers
only use the minimum amount of pesticides necessary—more would have a detrimental effect on the crop”
(CF17). Some writers question the use of herbicides; for example, [65] challenged small conventional Costa Ri-
can coffee farmers’ perceived need for herbicide use.

4.3. UK and EU Agricultural Policy

Both groups of respondents were asked a range of linked questions relating to government policy. These con-
cerned first, how UK and EU agricultural policy related to damage to the UK farmed environment since World
War Two; and second, if they thought UK and EU policy will go some way to “restore” farmland environments
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to pre-intensification levels.

Five key findings emerged. First, many more organic than conventional interviewees understood that in the
past, government policy had caused considerable damage to farmed environments, typically stating: “There’s
obviously been a damaging effect such as the amount of hedgerows removed in the name of so-called good
farming” (OF2). Secondly, almost five times as many conventional as organic farmers said that the damage to
farmed environments has been minimal, typically commenting: “I suppose some places where the water comes
from you have to be a bit careful with nitrates and things [herbicides and pesticides], but on the whole | don’t
think it’s a problem” (CF10). “No I don’t think it has—you could get government grants for grubbing out
hedges ...” (CF4). It is noteworthy that some organic farmers see past damage to farmed environments, epito-
mised by grubbing out hedges, as the government’s responsibility; thus contrasting with some conventional re-
spondents who commented that farmers could get grants for hedge removal, yet continued to understand it
wasn’t the government’s fault.

Thirdly, a great many more conventional than organic farmers think policy changes would go some way to
“restore” farmland environments to pre-intensification levels, illustrated by quotes such as: “Yes, they are under
pressure by the public to do so” (CF25). “Grants will help to put hedges and ponds back in” (CF17). Fourthly,
more organic than conventional respondents believed that governments will only go some way to restore farm-
land environments, typical responses included: “We got paid for both, removing hedges and putting them back
in again” (OF3). Fifthly, over twice as many organic than conventional respondents understood that govern-
ments will not restore any farmland environments, typically commenting: “I have no faith in what politicians
say—they never seem to do what they say they will do” (OF16). Generally, conventional farmers seemed to
have more faith in the government’s willingness to rectify past environmental damage to farmed environments
than organic respondents.

This sub-section has demonstrated some significant differences, but also a degree of overlap, in the under-
standings of UK and EU agricultural policy between the two survey populations. For example, conventional
farmers’ believe that only minimal environmental damage has been caused by government policy, contrasting
with organic respondents’ understanding that there has been a great deal of damage to farmed environments as
embodied by filling in ponds, hedgerow removal and herbicide usage.

5. Productive Farm Parts

This section uses on-farm “intensive” qualitative/interpretive interviews to ascertain if the respondents’ attitudes,
understandings and behaviours in relation to their productive farm parts support the findings revealed by the ear-
lier “extensive” telephone interviews.

All conventional farmers said that some parts of their farm were more productive than others, relating produc-
tivity to practical issues such as their farming practices, relative field heights, “natural” differences in soil fertil-
ity and, in some instances, the quantity and type of fertilisers used in relation to time scales of particular applica-
tions. The importance of having large fertile fields for arable cropping was emphasized by CF1 who manages
the largest farm in the survey. This had been achieved through first, hedge removal and, secondly, by herbicide
and fertiliser applications. Another interviewee CF2 seemed equally knowledgeable about the complex topo-
graphy of his land and discussed in detail its location in two river valley flood plains and the resulting problems
of flooding, access, soil types and subsequent plant species:

“... some meadows are in the Countryside Stewardship Scheme and they want it made into hay late in the
season so that flowers, we call them weeds, when they are ready to seed, keep the weed-bank or flower seeds
up ... we go on with a reasonably cheap chemical ...” CF2.

These comments show the respondent’s real feelings towards the Countryside Stewardship Scheme (CSS) and
the “wild flowers”, resulting from their recommended management practices, which he controls by means of
herbicides. Until the launch of Environmental Stewardship, Countryside Stewardship was the government’s
main scheme for countryside management.

OF4 did not believe she has any particularly productive areas on her farm and seemed to associate productiv-
ity with arable crop production, although her sheep farmer brother CF4, who is a neighbouring farmer on an al-
most identical farming landscape, identified differences in field productivity and catalogued a range of variables
such as relative field heights, soil thickness and fertility. With a remarkably different understanding of soil
“quality”, one mixed organic farmer seemed proud of his soil’s lack of productivity as, in parts, it produced an
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abundance of wild flowers on his complex nutrient poor chalk soils:

“... obviously unfertilised and un-manured in living memory. We also have steep chalk grassland which is ex-
tremely unproductive and we have grassland on other chalk banks and which is relatively unproductive” OF1.

This respondent understood the important relationship between soil types and the resulting variety of wild plant
species and arable crops and, significantly, focused on the lack of soil productivity on some parts of his holding.
OF2 talked about field aspect, crop rotation, field drainage and seasonal differences in soil fertility. Although soil
fertility was not measured, respondents understood the considerable variability within and between fields on
farms of different sizes, types and altitudes. CF1 and CF4 equated soil fertility with technical issues such as field
heights, combined with high levels of fertilisers and the resulting crop income, contrasting significantly with dis-
cussions of “natural” differences in soil fertility OF2 and pride in lack of fertiliser use OF1. Such comments
demonstrated farmers’ diversity in understandings of the plant species resulting from differences in field produc-
tivity i.e. CF2’s understanding of wild flowers as weeds contrasting significantly with the chalk-loving wild
flowers of OF1. Herbicides have been a significant factor in the declines of many once common arable flowers in
the UK [66] and, although organic farming systems generally have a larger floral and faunal biodiversity than
conventional systems [67], there has been an associated erosion of heterogeneity as a consequence of agricultural
intensification [68].

The farmers’ understandings and behaviours revealed in this section generally reflect and support the envi-
ronmental findings of the previous section towards agricultural weeds, pesticide and herbicide usage, biodiver-
sity and agricultural sustainability. For example, as revealed in the technocentric understandings of CF1 and
CF4, contrasting significantly with the ecocentric understandings of OF1 and OF2 when questioned about their
soils’ productivity.

6. Conclusions

Using a behavioural approach, this paper examined and attempted to explain how the understandings and be-
haviours of farmers, in central-southern England, relate to agricultural weeds, herbicide and pesticide usage,
biodiversity and other selected environmental influences on agricultural sustainability. It would be unwise,
however, to understand those farmers, commonly known as “organic” and “conventional”, as exclusively “or-
ganic” or “conventional”; for example, [23] described organic farming as a family of styles that share some ba-
sic assumptions, rather than a single set of farming practices. Importantly, [38] acknowledged the difficulties of
differentiating between organic and conventional farmers’ motivational viewpoints. Considerable differences in
understandings and behaviours were revealed between the two survey populations in relation to three core inter-
related agri-environment themes; for example, many more organic than conventional farmers in the survey sam-
ple understood that organic farming systems are environmentally sustainable forms of agriculture. Organic
farmers tended to cite their lack of pesticides and herbicides usage as core reasons for their sustainability. Al-
though there remains a pressing need for longitudinal studies to address our knowledge of organic farming be-
fore a full appraisal of its role in biodiversity and agricultural sustainability can be made [18], other studies
showed that organic management does increase plant richness in field centres of some Irish dairy farms [69].
Research by [35] suggests that the objectives of weed control and conservation may not be mutually exclusive
because seed return was most reduced where ground remained uncultivated through the winter, yet this also
provides the best foraging opportunities for surface feeding seed predators.

Conventional respondents mainly cited land and financial reasons for their non-adoption of organic farming
with a number demonstrating strong technocentric attitudes. In contrast, the most often quoted reason given for
adoption of organic farming systems by organic respondents were environmental reasons. This included their
abhorrence of pesticide and herbicide usage sometimes experienced while working on conventional farms earlier
in their career, thereby indicating their ecocentric attitudes and understandings. A remarkably high 92 per cent
of organic farmers were critical of conventional farmers’ using herbicides and pesticides which they understood
are detrimental to water and soil quality. In contrast, most conventional respondents said that they used as few
chemicals as practical to minimise environmental damage to soil and water while maintaining adequate crop le-
vels. Conventional farmers’ fields were usually kept weed-free through herbicide usage contrasting with organic
farmers’ having less concern about removing weeds—with their associated invertebrates and weed seeds—
which contribute significantly towards biodiversity as an important environmental influence on agricultural sus-
tainability. A recent study by [19] shows that herbicides contribute significantly to agricultural intensification
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and some negatively impact non-target organisms; however, the presence of weeds in a crop does not automati-
cally result in damage or yield loss [33].

Many more organic than conventional farmers understood that government policy has caused considerable
damage to farmed environments, principally through large-scale hedge removal, pond infilling and weed re-
moval through herbicide usage. This contrasted with almost five times as many conventional as organic farmers
who understood that damage to farmland has been minimal. A great many more conventional than organic
farmers thought that policy changes would go some way to “restore” farmed environments to pre-intensification
levels contrasting with more organic than conventional respondents understanding that governments will only
partially restore those habitats. Reference [70] supported that viewpoint by suggesting that the government has
limited growth in the British organic sector by constructing three separate story-lines: first, organics as “niche
market demand”; secondly, organics as “an environmental public good” and thirdly, organics as “consumer
choice” but not healthier.

All conventional farmers understood that some parts of their farm were more productive than others often re-
lating productivity to their farming practices. For example, CF1 achieved large fertile fields for arable cropping
through hedge removal and herbicide and fertiliser applications. Interestingly, [71] found that increases in such
fertiliser applications had little influence on weed seed-bank composition. CF2 seemed equally knowledgeable
about the complex topography of his land and commented on the wild flowers—he called weeds—resulting
from his farming practices. This behaviour contrasted significantly with OF1 who understood the important re-
lationship between soil types and the variety of wild plant species resulting from his nutrient poor unfertilised
soil. The understandings of farmers towards the plant species resulting from differences in field productivity
were epitomised by CF2’s understanding of wild flowers as weeds requiring herbicide treatment, contrasting
significantly from OF1’s perception of such plants as wild flowers. As [72] suggests, depending on a farmer’s
environmental understandings, wild flowers in the wrong fields are often perceived as weeds.

This study found that farmers’ understandings and behaviours towards agricultural weeds and herbicide usage
varied greatly. Understandings are highly complex as they require insight confirmation by many similar cases to
be generalised into a useful and coherent understanding [57]. Many “conventional” farmers understood weeds as
primarily interfering with the desired use of a specific field in a particular season. Importantly, excessive weed
removal from “conventional” farming systems causes biodiversity reduction with an associated loss of agricul-
tural sustainability. In contrast, many “organic’ farmers” perceived some weeds species as desirable wild flow-
ers, although they also understand that too many weeds in an undesirable location may reduce crop production.
Generally, such understandings support the study proposition that “organic” farmers already attuned to envi-
ronmental ideas are more likely to have more favourable understandings and behaviours towards agricultural
weeds as an important part of environmentally sustainable agricultural farming systems than “conventional”
farmers.
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