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Summary

The application of pesticides has been linked with environ-
mental and health hazards. The reduction of pesticides in
agriculture constitutes a major policy issue in Europe. The
implementation of pesticide free farming systems can make
an important contribution to this issue and to the protection
of sensitive natural resources. However, under existing condi-
tions, the uptake of this type of system is often associated with
major barriers. It is therefore important to understand which
barriers inhibit the introduction of this system and how the
acceptance of pesticide-free farming can be increased among
farmers. To this end, we use qualitative interviews with con-
ventional and partially pesticide-free farmers in south-west
Germany to investigate which factors are decisive for farm-
ers to abandon the use of chemical pesticides. The results
show that, in addition to local factors such as soil, weather
and farm and marketing structures, personal experience with
pesticide-free cultivation and personal expectations regard-
ing yield losses are particularly important acceptance factors.
Furthermore, in addition to financial incentives, marketing
structures are also needed to achieve cost-covering price in-
creases. Our results provide important insights into the many
factors influencing the transition to pesticide-free agriculture
and thus contribute to the design of sustainable production
systems.

Keywords

Pesticide-free, Sustainable agriculture, Adoption, Farmer
behavior

Introduction

Pesticides have been an integral part of modern agriculture,
aiding farmers in their fight against pests and increasing crop
yields (Damalas, 2009). However, the widespread use of pes-
ticides has resulted in numerous negative consequences,
including environmental degradation, health hazards and in-
creased resistance among pest populations (Godfray et al.,
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2010; Hawkins et al., 2019; Powles & Yu, 2010; Riyaz et al.,
2022). In particular, pesticide residues in food are becom-
ing an increasingly critical issue for consumers (Nitzko et al.,
2022). As a result, there has been a growing interest in pes-
ticide-free farming practices that focus on natural methods
of pest control as for instance established in organic farming
approaches (Stehle & Schulz, 2015).

Agriculture without synthetic chemical pesticides is a new
concept in plant cultivation with the aim of achieving the
highest possible yields through the use of mineral fertilisers
while at the same time reducing environmental impacts by
avoiding the use of chemical plant products (Zimmermann et
al., 2021). By avoiding pesticides entirely, this concept has the
potential to make a significant contribution to the reduction
of pesticides targeted by the EU and to avoid the problems
of pesticide residues in food and loss of biodiversity. How-
ever, the adoption of pesticide-free farming is still limited
(Christensen et al., 2011; Finger & El Benni, 2013; M&hring
& Finger, 2022). In this context, pesticide-free agriculture is
understood as more than the mere substitution of chemical
plant protection measures by non-chemical (e.g. technical)
measures. Rather, pesticide-free agriculture is a system-level
approach that aims to redesign the farming system to incor-
porate both new technologies and agroecological practices
(Jacquet et al., 2022; Zimmermann et al., 2021). Comprehen-
sive information on the drivers, barriers and challenges faced
by farmers is needed for the widespread uptake of pesti-
cide-free farming systems.

In this paper, we examine the acceptance of pesticide-free
farming from the farmers' perspective. Specifically, we inves-
tigate the factors that influence farmers' decision-making re-
garding the adoption of pesticide-free farming practices and
the challenges they face. We also explore the role of knowl-
edge and experience in shaping farmers' acceptance of pes-
ticide-free farming. In addition, we are evaluating possible
scenarios for the implementation of pesticide-free farming
systems. To do this, we use a qualitative approach, interview-
ing both conventional farmers and farmers who already farm
partially without pesticides.
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The research paper is part of the research project Agriculture
4.0 without chemically synthetic pesticides. Through our re-
search, we aim to provide insights into the factors that in-
fluence the acceptance of pesticide-free farming practices
among farmers. We hope that our findings will inform policy
decisions and promote the adoption of sustainable farming
practices that benefit both farmers and the environment.

Background

Social science and behavioural research shows that social and
psychological dimensions of farmers' decision-making behav-
iour have a decisive influence on changes in agricultural prac-
tice (Knowler & Bradshaw, 2007; Zimmermann & Britz, 2016).
There is a wide range of literature on the adoption and imple-
mentation of more sustainable and environmentally friendly
farming systems such as organic farming or the adoption of
agri-environmental measures in general (Dessart et al., 2019;
Meemken & Qaim, 2018; Zimmermann & Britz, 2016). How-
ever, the factors influencing the acceptance and implementa-
tion of different production systems and agri-environmental
measures can rarely be transferred or generalised, as these
factors must always be considered in the context of the farm-
ing systems and local conditions (Knowler & Bradshaw, 2007).
Research on the factors relevant to pesticide-free agriculture,
as well as their complexinterconnections and modes of action,
is still rare (Finger & El Benni, 2013; Finger & Mohring, 2022;
Mohring & Finger, 2022). The adoption of pesticide-free agri-
culture goes beyond the requirements of individual agri-en-
vironmental measures. However, the barriers are lower than
for conversion to organic farming as there are no restrictions
on the use of fertilisers and there are no requirements for
livestock farming (Zimmermann et al., 2021). Yield expecta-
tions are also higher than with organic farming (Pergner &
Lippert, 2023), which has an impact on the profitability of
the farming system. At the same time, pesticide-free farming
does not yet have an institutionalised structure in Germany
like organic farming. Thus, pesticide-free agriculture faces dif-
ferent challenges, involving both farmer motivation and atti-
tudes towards more sustainable measures, as well as barriers
to adoption at farm level.

The existing literature shows the numerous influencing fac-
tors that need to be taken into account when implementing
farming practices that aim at strengthening environmental
aspects. These will be reviewed in the following section. As
no comprehensive studies on pesticide-free agriculture are
available to date, aspects of the adoption of AEM, Integrat-
ed Pest Management (IPM), partially pesticide-free farming
or conversion to organic farming that might be relevant to
the adoption of pesticide-free agriculture are considered. In
this respect, the following section only provides an overview
of possible relevant factors for the adoption of pesticide-free
farming. The interaction of different factors, depending on
the characteristics of the farming system, can lead to con-
siderable differences. In particular, the divergence between
farmers' attitudes and actual behaviour poses a challenge for
a targeted analysis of acceptance factors.
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To frame and broadly structure our field of enquiry, we draw
on the Campell Paradigm (Campbell, 1963). According to this,
actual behaviour is determined by two main influencing fac-
tors: the subjective (environmental) attitude of the person
and the objective behavioural costs for the person (Kaiser et
al., 2010; Kaiser & Byrka, 2015). Only if the personal attitude
outweighs the behavioural costs is it likely that the behaviour
will be implemented.

Attitudes and Motivations

Behavioural factors such as personal attitudes, preferences,
perceptions, motivation and social factors are seen as de-
cisive for the adoption of sustainable agricultural practices
(Dessart et al., 2019; Knapp et al., 2021).

In their meta-analysis of the literature on the importance of
agri-environment schemes (AES), Batary et al. (2015) found
that in addition to financial incentives such as payment levels
and ease of on-farm implementation, other factors such as
farmers' attitudes and circumstances are important. Wilson
(1997), in his study of Welsh farmers' motivation to partici-
pate AES, suggested that while financial incentives have an
impact, individual differences such as age, education and
length of residence are important factors in explaining varia-
tion in the uptake of AES. In their meta-analysis of socio-psy-
chological factors in the adoption of sustainable agricultural
practices by European farmers, Swart et al. (2023) find that
general attitudes, intentions and perceived usefulness are
the most important factors, while economic outcomes and
environmental awareness have the least influence.

Schmitzberger et al. (2005) identified a strong correlation
between the mentality of farmers and on-farm biodiversity
among Austrian farmers, according to which more produc-
tion-oriented farmers have lower biodiversity on their farms.
Snoo et al. (2010), on the other hand, concluded that intrin-
sic motivation rarely leads to actual behaviour and that so-
cio-psychological differences between Dutch farmers do not
correlate with the ecological effects of conservation meas-
ures. Jahrl et al. (2012) also observed only a weak correlation
between farmer motivation and implementation of agri-en-
vironmental measures, suggesting that the barriers to imple-
mentation are greater than the benefits to farmers.

Another relevant factor is farmers' expectations about the
outcome of the production system. For example, higher pro-
duction risks are perceived in organic farming due to the ab-
sence of pesticides and mineral fertilisers (Serra et al., 2008),
which means that farmers' personal perceptions of risk and
risk preferences are more important (Acs et al., 2009; Kallas et
al., 2010; Meemken & Qaim, 2018). The importance of farm-
ers' risk expectations is also evident with regard to the intro-
duction of Integrated Pest Management (IPM). The abandon-
ment of pesticides is perceived as a risk, on the one hand with
regard to yields and on the other hand with regard to yield
qualities (Lefebvre et al., 2015; Pergner & Lippert, 2023). As a
result, the reduction of pesticides is not considered profitable
and inhibits the adoption of IPM (Deguine et al., 2021).



Behavioural Costs

As shown earlier, underlying attitudes play an essential role
in the adoption of agricultural practices. It also shows that al-
though positive attitudes towards a particular practice exist,
they do not necessarily lead to actual behaviour. On the other
hand, there are numerous behavioural costs, whereby behav-
ioural costs include all factors that influence behaviour both
negatively and positively. The cost of a specific behaviour de-
pends on the circumstances under which the behaviour takes
place (Kaiser & Byrka, 2015).

Besides personal preferences, attitudes and social norms to-
wards the system, other factors such as technical and eco-
nomic issues play an important role (Home et al., 2019). Farm
characteristics include the type of production, cultivated
crops, and livestock. It also contains resource endowment
and possible adjustment costs.

When converting to organic farming, technical problems are
perceived, especially in relation to crop production (Lapple &
Kelley, 2013). In this context, farmers considering conversion
perceive an additional workload in organic farming (Ferjani et
al., 2010). The risk of weed infestation and its control is one of
the biggest concerns of farmers when converting (Ferjani et
al., 2010). Adjustment costs include the costs that arise from
a change of system (Gardebroek & Lansink, 2004). These are
determined by the production orientation and economics of
the farm. In the case of pesticide-free farming, this mainly in-
cludes the cost of machinery for mechanical crop protection
and tillage.

In a study of Swiss farmers converting to organic farming,
Home et al. (2019) found that a lack of supply and delivery
points and a lack of informal support networks were the big-
gest barriers in areas with a low density of organic farms.
Schmidtner et al. (2012) point out that there are off-farm
economies of scale that can lead to an increase in organically
farmed land such as low livestock density, poor soil quality
and a high proportion of nature reserves. The density of or-
ganic farmers can also have a positive influence on the con-
version decisions of other farmers, due to social networks
and professional exchange and support among organic farm-
ers (Schmidtner et al., 2012). The importance of knowledge
in the context of pesticide reduction is also evident in IPM.
Therefore, limited knowledge is a major barrier to the adop-
tion of IPM (Deguine et al., 2021).

Also, access to organic markets is an important adoption fac-
tor for farmers (Lapple & Cullinan, 2012). Distance to markets
and to customers (Karki et al., 2011) as well as the length of
travel distances and associated transport costs, can also be
barriers to switching in this context (Home et al., 2019). Mar-
ket access is also a major challenge in the adoption of IPM
(Lefebvre et al., 2015).

Material and Methods

As no comprehensive explanatory theory is currently availa-
ble, there is still a need to better understand the importance
and interplay of the various factors that are crucial for the
adoption of pesticide-free agriculture. Therefore, we chose a
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qualitative approach to explore the knowledge base on farm-
ers' decision-making regarding the adoption and implemen-
tation of pesticide-free agriculture.

The target group of interviewees included both conventional
farmers and farmers who already partially abstain from the
use of pesticides. The sampling was carried out in the course
of a snowball system of conventional and partially pesti-
cide-free farmers. The last are all members of the Kraichgau
Korn market association. This association produces and pro-
cesses bread grain without pesticides. The participating farm-
ers only forego pesticides for bread grain intended for Kraich-
gau Korn. Other crops can still be cultivated conventionally.
The cultivation of grain without pesticides is also not tied to
a specific area, which means that the areas on which Kraich-
gau Korn grain is cultivated can change annually within the
framework of crop rotation. The bread grain is processed by
the brand's own mills and sold to bakers in the region. The
certification of the pesticide-free grain is carried out by an
external certification firm.

Since structural and regional aspects always need to be tak-
en into account in agricultural farming systems, the inter-
views were limited to the Kraichgau Korn area of operation,
which is located in the northern region of the federal state of
Baden-Wiurttemberg in Southwestern Germany. This area is
characterised by a high level of arable farming. On the one
hand, this limits the study. This means that the results can-
not be extrapolated to the whole of Germany. On the other
hand, this approach made it possible to take a deeper look at
perceived and actual barriers, which may result from region-
al factors such as soil quality, weather influences and market
structures.

When selecting the interview partners, the aim was to
achieve maximum contrast within the framework of the re-
gional conditions (Patton, 1990). Thus, not only farm manag-
ers of arable farms were interviewed, but also mixed farms
and livestock farms (Table).

The other seven farmers are conventional farmers, with one
farm currently in the process of conversion to organic farming
and one farm cultivating a small (>10 %) share of land accord-
ing to organic farming standards. The aim of the selection
of farm managers was firstly to interview farmers who were
partially pesticide-free about their personal attitudes, values
and experiences. Following this, farm managers from conven-
tional farms were interviewed in order to compare their atti-
tudes and values with those of partly pesticide-free operating
farmers and to identify similarities and differences. Although
Kraichgau Korn farmers are only partially pesticide-free, their
experiences, attitudes and perspectives are transferred to the
concept of pesticide-free agriculture as far as possible. The
findings from the differences between conventional farmers
and partly pesticide-free farmers provide insights into accept-
ance factors and barriers to the adoption of pesticide-free ag-
riculture.

There are considerable differences between the farms in
terms of size. The average farm size in Germany is 63 ha, in
Baden-Wirttemberg the farm size of 37 ha is well below the
national average. The average in the region where interviews
were conducted is about 49 ha. However, this must also be
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Type Sex Age Education Soil Quality® Farmsize Full Time (FT)/ Livestock
(Kraichgau Korn (KK)/ (Agricultural/Higher Part Time (PT)
Conventional) Education?)

KK m 52 AE 60-80 120 ha FT yes
KK m 42 AE 20-60 60 ha FT no
KK m 57 AE 20-80 270 ha FT no
KK m 32 AE 40-60 10 ha PT yes
KK m 42 HE 30-40 110 ha PT no
KK m 52 HE 50-60 120 ha FT yes
KK m 53 - 40-60 30 ha PT no
Conventional m 55 HE 30-80 1400 ha FT no
Conventional m 66 HE 30-80 68 ha FT no
Conventional m 39 HE 20-90 200 ha FT no
Conventional m 55 AE 30-80 100 ha FT no
Conventional m 37 AE 50-60 120 ha FT Yes
Conventional m 52 AE 60-70 50 ha PT yes

@ Higher Education: at least a “Meister” degree at an agricultural school
® Valuation index of farmland

considered in the context of the distribution of land. More
than half of the farms in Baden-Wirttemberg manage less
than 20 ha. The share of these farms in the total agricultural
area is relatively low at only 13%. Similarly, 57% of the farms
are part-time farms. Only a quarter of the farms are larger
than 50 ha. However, these farms manage two-thirds of the
agricultural land in Baden-Wirttemberg. The selected farms
have an average area of 204 ha (median 110 ha), with a con-
siderable range between the smallest farm with 10 ha (part-
time farmer) and the largest farm 1400 ha (farm cooperation).

In the interviews, data was collected on the farm manager him-
self and on the farm. The interview guide was based on existing
literature the adoption of sustainable farming practices with
regard to farmer attitudes and expectations and behavioural
costs and included questions on the following topics:

— The farmer, age, education level,

— The farm, farm size, farm type, cultivated crops, livestock,
farm succession, future plans, soil quality,

— Attitudes towards sustainability in agriculture,

— Attitudes and understanding of biodiversity,

— Attitudes towards AES, such as what AES they use,

— Attitudes towards organic farming, have they ever thought
about conversion, what may be barriers,

— Importance of chemical plant protection; benefits and ris-
ks of chemical plant protection,

— Information and knowledge transfer, how they gain
knowledge, how they share information.

During the interviews, the farm managers were asked about
pathways for the implementation of pesticide-free agricul-
ture, including three possible financing scenarios:

1. Funding exclusively through subsidies. The subsidies cov-
er at least the yield deficits and variations. Marketing of

the pesticide free products at higher sales prices is not re-
quired.

2. In addition to the existing subsidies, higher market prices
are obtained for the pesticide-free products to compen-
sate for the yield losses. The products are marketed and
distributed by regional marketing cooperatives, similar to
Kraichgau Korn.

3. In addition to existing subsidies, higher market prices are
achieved. Marketing takes place nationwide through a
standard label, similar to organic products.

The farm managers were provided with detailed information
about the research project in advance by giving them infor-
mation material. The research project and the research ob-
jectives were explained again in a conversation before the in-
terview. All interviews were recorded using a digital recorder.
The farm managers were asked in advance for their consent
to be recorded. After the interviews, the material was tran-
scribed. The interviews were conducted on farm, via video
conference or by telephone between May and November
2022. The length varied between 25 minutes and 76 minutes
with an average length of 52 minutes. No compensation was
provided for participation in the interviews.

The interviews were analysed by means of a qualitative con-
tent analysis according to (Mayring, 2010) with the help of
MAXQDA software. A deductive-inductive coding procedure
was chosen in which both existing categories resulting from
the given framework of the guideline and new categories
were created from the material itself. If topics could not be
assigned to the deductively formed categories, a new catego-
ry was created. This led to a constant revision of the category
scheme. After 12 interviews, no new categories or insights
were gained and saturation was achieved.



Results

Farmers’ attitudes and motivations

All farmers consider the preservation of soil fertility and the
related preservation of the economic basis to be an essential
factor of sustainability. Kraichgau Korn farmers also recognise
the importance of reduced substance inputs, particularly pes-
ticides. This group places particular importance on sustainabil-
ity in the context of biodiversity. By partially dispensing with
pesticides, they aim to promote more sustainable agriculture
and greater biodiversity. The partial abandonment of chemical
pesticides is a form of management that corresponds to their
idea of a sustainable agriculture: “In the end, it's the best of
both worlds for me. I like the regional aspect, the environmen-
tal protection aspect, the nature conservation aspect and then
I said, well, I'm behind that, I'm going to keep doing that.” The
farmers' attitudes towards AEM vary. On one hand, they view
it as beneficial due to its ability to make sustainable farming
practices economically feasible. However, they are critical of its
inability to differentiate among regional factors, its inflexibility
in terms of long commitment periods and, in some cases, its
limited impact on sustainability. Regarding pesticide-free agri-
culture, the existing subsidies are considered by all farmers to
be too low to enable implementation on the whole farm.

An essential factor for the acceptance of pesticide-free ag-
riculture is the personal experience of the farm manager in
dispensing with pesticides. Farm managers who are already
involved in Kraichgau Korn are less critical of not using pesti-
cides and could imagine extending the model to other crops.
Based on their own experience with Kraichgau Korn, they see
marketing at profitable prices as a bigger challenge than plant
cultivation aspects: ,,So if there were marketing channels, we
would go that way. It would be a dream to run the farm ac-
cording to Kraichgau Korn guidelines (...). | could well imagine
that, but you need a marketing channel.”

For conventional farmers who have no experience with pesti-
cide-free farming, crop risks such as higher weed density and
the associated yield risk are of greater concern. One farmer
explained: ,,And when | see what seed potential is building up
there, I'm curious to see how it will develop over the next few
years. That is also the next problem. It also builds up if you are
sloppy with mechanical soil cultivation (...) And when it really
gets out of hand, the blackgrass already suppresses it. And
how do you get rid of that.” A complete conversion to pesti-
cide-free agriculture at farm level is not conceivable for con-
ventional farmers. Partial implementation on individual areas
or for individual crops is more likely to be considered by most.

Another important factor is the perception of the benefits of
not using chemical plant protection products. Farmers who
partially farm without pesticides consider the effects on the
environment and biodiversity to be higher than conventional
farmers. This is due, among other things, to more weeds in
the field and the increased presence of certain management
indicator species. One partly pesticide-free Farmer explained:
“I would say that the large number of wild herbs in the fields
means that | believe that more insects feel at home here, and
that useful insects can of course be attracted, so that the ce-
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real leaf beetle is not a problem and other insect species also
find a home in our fields. In this respect, | believe that on the
subject of insects, small flora and fauna are a bit more sus-
tainable. That is of course one of the reasons why | do this,
because it also interests me.”

Behavioural costs

Acceptance depends strongly on the crops grown by the farm-
ers. These, for their part, are judged by two factors. Firstly, how
suitable a crop is for avoiding pesticides. So how suitable is a
crop to (1) mechanical weed control (2) sensitive to pests, (3)
sensitive to fungal diseases. Secondly, crops are assessed in
relation to their marketing potential. Very capital-intensive or
high-priced crops, especially special crops, where it is difficult
to achieve additional prices due to the high price level, are seen
as less suitable under the given support schemes and market
conditions, as is expressed by one farmer: "The fact is that it
is hardly valued in direct marketing. At least not in the case of
asparagus, because asparagus is a high-priced product where
the consumer values freshness and quality of origin. An add-
ed value of organic would hardly be enforceable. Even in food
retailing, the current organic asparagus producers can hardly
enforce additional revenues there.” In addition to marketing as-
pects, the Kraichgau Korn farmers also mention the challenge
of a separate value chain. In addition to separate marketing,
separate processing of the products is also needed to prevent
contamination by conventional products.

Besides the crops grown, the production system of the farm
plays an essential role. Fodder cultivation is not considered
very suitable for the avoidance of chemical plant protection
products, as it is considered unlikely that additional prices
can be achieved to compensate for yield losses. At the same
time, livestock farms consider pesticides to be of great im-
portance in ensuring feed quality: ,So from my point of view,
I only grow feed grain. | secure the yield for my animals and
also the quality of my fodder. If | were to grow bread grain for
Kraichgau Korn with a higher selling price, | could imagine it,
but for us it is not an option so far.” Therefore, market crops
are considered to be much more suitable for pesticide-free
cultivation than those used for fodder.

Another factor influencing the adoption of pesticide-free ag-
riculture is the adaptation costs associated with conversion.
These reflect current tillage practices and on-farm machinery
equipment. In this context, mechanical weed control equip-
ment such as hoes and harrows are considered necessary. Es-
pecially for small farms, these costs can be a barrier to adop-
tion: ,,Of course, it is now a financial feat, especially if you want
better machines. (...) That is already extreme. And whether it's
worth it for small farms, despite the subsidies you get, but it's
still a huge effort.” Although farm cooperatives or machinery
rings can be alternatives to buying their own equipment, this
depends strongly on the availability in the region or in the local
area. The joint use of machines for mechanical weed control
by multiple farms also poses challenges. The time windows for
the use of such machines are described as much smaller than
for the use of crop protection sprayers. Multiple use is there-
fore limited and carries the risk that the efficiency of weed con-
trol is reduced if the time of use cannot be optimally chosen:
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,There's no point in always borrowing one. The time involved
is too great. If you really have to drive past the field, look, walk
through and see what is there or what is not, then you can start
working and not wait to see if the harrow is free tomorrow or
the day after. That's just bad.”

Most of the farmers surveyed, both partly pesticide-free and
conventional, had already considered converting to organic
farming. However, there were several on-farm reasons for
not converting. For livestock farms, extensive investments in
barn conversions were an obstacle for converting to organic
farming. The non-livestock farms saw the nutrient supply as
not sufficiently ensured. , The fact that we have a pigsty with
fully slatted floors and that it doesn't fit into any organic-label
spoke against it. (...). And if we close the barn, which is quite
conceivable, then there is the issue of nutrients. How do | get
nutrients to the field? How can that work? | can still generate
nitrogen with legumes, but | can't produce phosphorus or pot-
ash at all. And that's where we actually failed.” Other reasons
were the amount of land available or labour-related barriers,
such as the use of external workforce. The use of biological
pesticides such as copper was seen critically in organic farm-
ing by both groups. For the Kraichgau Korn farmers, it offers
the possibility to farm more sustainably and without chemical
pesticides and thus offers an alternative for organic farming.

The acceptance of pesticide-free agriculture depends strongly
on the personal assessment of feasibility. Whether success-
ful implementation is considered possible from the farmers'
perspective is seen in a strong regional context. Soil quality
and weather are regarded as major determinants. Since pes-
ticide-free cultivation methods must be accompanied by sub-
stitution with mechanical procedures in the context of weed
control, the assessment of soil quality represents an accept-
ance factor: “It is difficult to farm without chemical pesticides in
these poor fields. The soil is correspondingly decomposed. You
can't exactly use a harrow there either. | imagine that would be
difficult. On good fields it might work without chemical plant
protection. But on sites like we have now, where it is relatively
hilly, some of the fields are steep. That's where all the mechan-
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ical things reach their limits.” Particularly heavy or stony soils,
which are poorly suitable for mechanical weed control or more
intensive tillage, are seen by conventional farm managers as less
suitable for pesticide-free cultivation. Likewise, slopes and areas
with an increased risk of erosion are considered less suitable.

The renunciation of pesticides goes together with specific
knowledge. This relates, among other things, to the applica-
tion of mechanical plant protection measures, adaptation of
crop rotation and sowing dates and variety selection. In addi-
tion to conferences and field days, public authorities (agricul-
tural offices and agricultural chambers) as well as articles and
internet sources are an important source of information on
pesticide-free cultivation methods. For Kraichgau Korn farm-
ers, the professional exchange with other farmers on culti-
vation methods and their experiences played an important
role in the conversion. Networks of farmers that allow for a
professional exchange of information make a positive contri-
bution to the transfer of knowledge and can help to minimise
concerns about yield risks.

Interplay between attitudes and behavioural costs

The acceptance and implementation of pesticide-free farming
depends on the interplay between farmers' attitudes and mo-
tivations on the one hand and behavioural costs on the other.
The fundamental environmental attitude of farmers can be
considered as a key driver. The more positive the attitude, the
more likely a farmer is to adopt pesticide-free farming, even
in the face of enormous behavioural costs. On the contrary,
gaining access to the market (and thus selling the products at
higher prices) is the biggest barrier in terms of behavioural
costs. This is illustrated by a Kraichgau Korn farmer as follows:
“I have more work with it, also more effort and it also costs
nerves. But | see it as very important. But it is also only made
possible by Kraichgau Korn that | am able to farm like this at
all. Otherwise it would not be economically feasible.”

The following Figure shows an example of the interaction
of the various factors. It should be noted that this is mere-
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| Fig. Interaction of motivational factors and behavioural costs in pesticide-free agriculture as an exemplary representation.



ly a simplified and exemplary representation of the numer-
ous factors and that the way how they play out on a farm
depends on contextual factors. Therefore, the weighting of
motivational factors and behavioural costs may also differ be-
tween farms.

Scenarios for pesticide-free farming systems

The preferences of the farm managers for the three scenarios
were ambiguous. However, some advantages and disadvan-
tages were stated which are seen with the different scenarios.

One advantage in the first scenario (funding solely through
subsidies) is that it does not require any extra processing
and marketing, thus avoiding the effort and costs involved.
Kraichgau Korn farmers named additional costs for certifica-
tion and external processing as a factor to be considered for
higher prices, on top of yield reductions. This scenario would
therefore be the least demanding for farmers. The disadvan-
tages mentioned were the dependence on political decisions
within the framework of the CAP. For example, funding purely
through subsidies is not seen as sustainable or long-term via-
ble and is subject to political constraints. Likewise, the prod-
ucts produced as sustainable or more environmentally friend-
ly are not sufficiently valued by the consumer in the course of
a higher price: “For me, there is only the market. That means
the consumer has to honour it accordingly and if the consum-
er doesn't honour it, then he has no right to interfere and then
he should let me inject or something else and that's it.” Over-
all, the approach is seen as unrealistic. The current level of
subsidies for pesticide abandonment is not considered suffi-
cient. Also, the new subsidies within the eco-schemes are not
seen as sufficient. A change in this is not expected in the near
future, at least for the next CAP period.

Advantages within the second scenario (marketing and dis-
tribution through regional marketing cooperatives) are the
closer connection to consumers due to the regionality of the
products. On one hand, it is argued that production on a re-
gional level is more sustainable, whilst on the other hand, it
could enhance trust between farmers and consumers: “I think
regional would be better, more targeted. The farmer would
be more satisfied, (...) and the local population in the region
would perhaps have greater confidence because it comes
from here and not from somewhere else.” A disadvantage is
the high effort for farmers in the implementation of regional
market communities. In addition, no economies of scale can
be exploited in terms of political lobby work, external pro-
cessing of the products and the cost-intensive certification
of the products. The lack of market power due to the small
size of the individual communities compared to food retailers
is also perceived as a disadvantage. This can be a significant
weakness, especially in price negotiations to achieve the nec-
essary higher prices.

In the case of marketing through a standardised label (sce-
nario 3), critics argue that the previously mentioned aspect
of regionality is lost and that producers (i.e. farmers) become
anonymous: “If this is countrywide under one label, then |
practically become a mass producer. | make something, take
it to the collection centre and the job is done. (...) | think it's
better if it's regional, also for consumer transparency.” For
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Kraichgau Korn farmers in particular, regional production is
a strong motivator. The advantages of this scenario are per-
ceived to be economies of scale in processing and marketing,
as well as greater opportunities to influence policy decisions.
This is seen as particularly important when it comes to set-
ting prices for food retailers. Organic farming associations are
cited as a positive example, as they can represent the inter-
ests of their members to retailers and politicians. In principle,
however, marketing through a standardised label does not
contradict regional producer groups.

Discussion

The main acceptance factors for a conversion to pesticide-free
agriculture can be determined from the results. This includes
both attitude-related factors and behavioural costs. The re-
sults of the interviews revealed that a large number of factors
also interact to influence the acceptance of pesticide-free
farming.

Our results show the importance of farmers’ attitudes to-
wards outcome as a major factor influencing acceptance,
which are particularly reflected in the experiences, perceived
yield expectations and risks of farmers who abandoned pes-
ticide use. This is in line with the findings of Vanslembrouck
et al. (2002) that positive experiences with environmental
programmes are likely to lead to a positive attitude towards
this practice. On the other hand, higher experience with a
particular farming practice can lead to a lower probability of
changing the existing production type (Lépple, 2010; Siebert
et al., 2006). Farmers who partially abandon pesticides can
in principle imagine an expansion of pesticide-free cultiva-
tion. This can also be explained by their greater knowledge
of the special features of cultivation without pesticides, such
as adapting crop rotation or sowing dates and altered soil
cultivation. Findings on the adoption of pesticide-free wheat
production and organic farming show that risk-averse actors
in the field of crop protection, are less likely to adopt a con-
version (Mohring & Finger, 2022). A complete conversion to
pesticide-free farming is a much higher barrier for conven-
tional farmers than the abandonment of pesticides for in-
dividual crops and fields. At the same time, it is important
to communicate the crop-dependent yield risks in order to
minimise uncertainties on the farmers' side. The exchange of
experience with farmers who have already dispensed with
pesticide free farming and a broad transfer of knowledge are
of particular importance here. Here, too, it has been shown
that an institutional framework can facilitate the exchange of
experience and knowledge, as in the case of IP-Suisse's pesti-
cide-free wheat programme or with organic farming associa-
tions (Finger & Mdohring, 2022). Therefore, it can make sense
to allow farmers to start on single fields in order to gain their
own experience in dispensing with pesticides with as little
risk as possible.

Our results show that the current subsidies for pesticide-free
farming are considered by all participants to be too low to
cover the additional costs incurred. Under these conditions,
additional prices for agricultural products are necessary to
make pesticide-free agriculture cost-covering for farmers.
The additional prices vary depending on the crop cultivated
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and the associated yield reductions and risks, as well as the
additional effort required for cultivation. In addition, other
factors must be considered, such as the adaptation of crop
rotation and, in particular, costs for external processing, cer-
tification and marketing. Results from Switzerland on pesti-
cide-free wheat cultivation programmes show that a combi-
nation of direct payments and price premiums is a suitable
combination and leads to a high level of acceptance by farm-
ers (Mohring & Finger, 2022).

Creating market structures that enable farmers to cover their
costs is one of the major challenges in implementing pesti-
cide-free agriculture. Market access and marketing at higher
prices is also a core challenge in the reduction of pesticides
in integrated pest management (Lefebvre et al., 2015). This
depends in particular on consumers' willingness to pay for
pesticide-free products and the development of a compre-
hensible marketing strategy for these products (Wendt &
Weinrich, 2023). However, it is not sufficient to simply market
pesticide-free agricultural products at higher market prices; a
separate value chain is also needed for the further processing
of the products. Since neither processing in conventional nor
organic value chains are possible due to the different stand-
ards and the associated contamination in the processing
chain, storage, transport, and further processing of the initial
products must be carried out separately in addition to sepa-
rate certification. This poses enormous financial challenges,
especially for small and regional production cooperatives.
Implementing pesticide-free cropping systems therefore re-
quires a separate infrastructure, which is a specific challenge
for farmers. The widespread adoption of this concept is heav-
ily reliant on consumers acceptance of the products. At the
same time, the use of pesticides in sensitive areas (e.g. nature
reserves) is to be banned in the EU as part of the Sustainable
Use Regulation (SUR) (EUROPEAN COMMISSION, 2022). As a
result, pesticide-free agriculture is now more pertinent than
ever.

The results show the importance of adjustment costs as a
barrier to adoption. This is also shown by Mohring & Finger
(2022), who found that the availability of machinery for me-
chanical weed control has a direct influence on the adoption
rate for pesticide-free wheat cultivation. Especially for small-
er farms, these adaptation costs represent a high burden. A
wide availability of machinery for mechanical weed control is
therefore needed for a large-scale implementation of pesti-
cide-free farming. Machinery rings and contractors who pro-
vide these machines can play a supporting role, especially for
small farms. At the same time, targeted investment promo-
tion for this technology is needed.

An essential factor in the assessment of pesticide-free farm-
ing systems was seen in the location factors. In particular,
soil quality was mentioned as a factor. Heavy and stony soils,
soils at risk of erosion and slopes were considered by the
conventional farmers to be less suitable for a pesticide-free
system, as increased tillage is made more difficult here or is
to be avoided. At the same time, farmers at Kraichgau Korn
have dispensed with pesticides in cereal cultivation under
similar locational conditions. However, since the farmers did
not completely abandon the use of pesticides, the suitability
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of the soils on the farm could be taken into account in the
course of the land selection. Although soil quality can have
a limiting influence on the implementation of pesticide-free
cultivation, there is a difference in the assessment of the two
farm manager groups. Here, too, the influence of the farmers'
individual experience is evident.

This study has certain limitations due to the qualitative ap-
proach and the resulting small sample size. It is therefore dif-
ficult to generalise the results. Findings relate to small group
of farmers under specific environmental conditions. The mul-
titude of factors influencing adoption and their importance
are therefore linked to the specific conditions of farms and
regional circumstances. Similarly, other crops such as vege-
tables and other specialised crops could not be examined in
detail. It was also not possible to take a closer look at the
challenges in the value chain for a holistic pesticide-free farm-
ing system. Despite these limitations, the outcome of this re-
search is a deeper understanding of the drivers and barriers
to pesticide-free agriculture from the farmer's perspective. In
particular, the results contribute to an understanding of the
complex interrelationships between these factors and their
influence on the uptake of pesticide-free agriculture.

Conclusion

This paper investigates the acceptance of crop production
systems without chemical pesticides in Germany. We analyse
influencing factors, barriers, and challenges for the introduc-
tion of a farming system that completely avoids the use of
pesticides and does not only target individual crops. Wheth-
er the introduction of pesticide-free agriculture is successful
depends to a large extent on whether it is possible to create
functioning marketing structures for these products. Under
the current framework conditions, marketing at higher prices
compared to conventional products is a basic precondition
for successful implementation in order to guarantee suffi-
cient profitability for farmers.

Although the barriers to entry for pesticide-free farming sys-
tems are lower than for organic farming, adaptation costs
are a barrier to adoption. Targeted investment promotion for
machinery for mechanical crop protection and for the use of
these machines across farms can help to reduce this adoption
barrier.

Uncertainties about vyield risks are a stronger factor for
conventional farmers due to lack of experience with pesti-
cide-free cultivation than for farmers who already partially
avoid pesticides. Communication on the advantages of pesti-
cide-free cultivation and on yield risks, as well as the dissem-
ination of information on pesticide-free farming, can help to
reduce uncertainties and are essential for acceptance.

Further research should explore which measures can be used
to promote the implementation of pesticide-free farming sys-
tems in a targeted way. Furthermore, with a focus on possible
implementation scenarios, it should be investigated how pes-
ticide-free farming systems can be implemented in practice.
In particular, the challenges of certification, processing and
marketing must be taken into account.
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