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Whether farmers benefit more from pest management guidance provided by
public agencies versus private entities affiliated with agrochemical companies
remains a critical question in agricultural policy. Transitioning toward more
sustainable farming depends fundamentally on the choices farmers make
regarding technology and production inputs, choices that are shaped by
access to information and peer learning. Advisory services are especially
valuable when new or complex technologies are involved, supplementing
knowledge gained through farmer-to-farmer exchange. Pest management
decisions, in particular, are frequently guided by extension services, making
these services central to contemporary agricultural policy debates. Global
trends indicate that pest pressure is intensifying—driven partly by climate
change and the growing commercialization of advisory services—while
societal concern over pesticide-related environmental and public health
risks continues to mount. Pesticide resistance is also emerging as a major
challenge. In this context, extension services carry significant responsibility,
as farmers’ pest management choices affect not only their own livelihoods
but also the wellbeing of surrounding communities and the broader public.
Consequently, extension guidance should be directed toward holistic
strategies that maximize collective welfare.

Introduction

al., 2002). Research on farmer responses to invasive pests
such as Drosophila suzukii reveals a spectrum of behaviors:

Prior studies have established that extension services SOMe growers overuse pesticides without improving
with commercial ties to pesticide manufacturers tend to Monitoring practices, while others voluntarily account for
increase farmers’ reliance on chemical inputs (Wiebers et broader externalities of their spraying decisions, including
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environmental damage, development of resistance, and
impacts on human health. It is hypothesized here that
public extension services, unlike commercially oriented
providers, are more inclined to factor in the societal benefits
of reducing pesticide use (Schnyder and Auerswald, 2019).
Publicly employed advisors have both the mandate and the
motivation to highlight adverse consequences of chemical
overuse—such as negative effects on ecosystems, health
risks to consumers, farm workers, and nearby residents, as
well as the acceleration of pesticide resistance. They are also
positioned to recommend strategies that minimize chemical
dependency.

This paper examines the hypothesis that farmers advised
by private, commercially linked services are more prone to
applying synthetic insecticides, while those receiving public
sectoradvice are morelikely toadopt non-chemical preventive
strategies. D. suzukii, a recently established invasive pest,
serves as the empirical case study given its high economic
impact (Asplen et al, 2015). Infested fruit is typically
unsaleable and often rejected at the point of supply, making
the pest particularly costly. As the proportion of damaged
fruit rises, sorting and inspection costs escalate and overall
productivity declines. Responses to D. suzukii have included
both synthetic contact insecticides and non-chemical
prophylactic interventions (Knapp et al., 2019a). Access to
reliable information is critical because experimentation with
novel control strategies at the farm level requires substantial
investment of time, capital, and risk tolerance (Park and Lohr,
2005). Empirical findings from this study are consistent with
the working hypothesis: farmers guided by public advisors
more frequently adopt preventive measures such as netting,
while those advised by private extension providers more
commonly resort to synthetic pesticides.

Sustainable Crop Protection Practices

Herbicide Use in Arable Crops: Chemical weed control
through herbicides is the most widely practiced approach
in conventional arable farming; unlike fungicide and
insecticide applications, herbicide use tends to be routine
and widespread (Jorgensen et al., 2019). The rationale
partly lies in preventing seed dispersal that could increase
weed pressure in subsequent growing seasons. Reducing
herbicide dependence requires proactive efforts to bring
weed populations below economically significant thresholds.
Diversified crop rotation isamong the most effective strategies
available to farmers seeking to achieve this goal (Adeux et
al., 2019; Guinet et al., 2023). Complementary tactics include
selecting competitive cultivars, adjusting sowing timing and
patterns, introducing weed-suppressive cover crops, and
increasing planting density. Although no single measure is
typically sufficient alone, combining multiple approaches
can vyield substantial results (Riemens et al, 2022).
When cultural and preventive interventions collectively
reduce weed pressure to manageable levels, mechanical

Sustainable Crop Protection Through Improved ...

weeding techniques such as harrowing may become viable
alternatives to chemical control. While mechanical methods
are generally less effective per pass than herbicides, their
adequacy increases when weed populations are already
low, as fewer surviving weeds translate to negligible crop
yield impacts. This illustrates that while pesticide-free weed
management is achievable, it demands coordinated multi-
measure strategies—a consideration that should inform
how researchers and policymakers assess farmer adoption of
sustainable practices.

Fungicide Use in Apple Production: In apple orchards,
fungicides represent the dominant category of pesticide
applied, and fungal pathogens constitute the most serious
disease threat to the crop. Among the principal diseases
affecting apples—including apple scab (

Insecticide Use in Oilseed Rape Production: Insect pest
pressure represents a major challenge across many crops, and
oilseed rape is particularly significant as a driver of pesticide
use in European agriculture. Key pests such as the cabbage
stem flea beetle (

Suitable Indicators for Assessing the Uptake of Sustainable
Crop Protection Approaches

Evaluating the adoption of sustainable crop protection is not
straightforward, particularly because sustainable approaches
typically involve bundles of complementary measures whose
combined effect may differ substantially from the sum of
individual components assessed in isolation. A further
complication is that farm-level data on pesticide use are
sparse and difficult to obtain in a timely manner (Mesnage
et al., 2021), and data on adoption of non-chemical or
preventive practices are even scarcer (Mohring et al., 2024).
This data scarcity imposes real constraints on the selection
of appropriate uptake indicators in research and policy
evaluation contexts, frequently necessitating reliance on
proxy measures rather than ideal first-best indicators.

Ex-Ante and Ex-Post Assessments to Study
Sustainable Crop Protection

Ex-ante analysis of farmer decision-making draws on a wide
range of methodological tools, spanning qualitative inquiry,
experimental economics, simulation, and mathematical
optimization. The appropriate methodology is shaped
substantially by the policy context in question. Agent-based
models, sector-level models, and farm-scale bio-economic
frameworks are among the most widely employed tools
for forward-looking assessment, incorporating constraints
on farmer decision-making and specifying objective
functions such as profit or utility maximization. These
modeling approaches allow researchers to simulate farmer
behavioral responses to changes in market conditions,
policy environments, and biophysical circumstances. A
comprehensive understanding of pesticide use patterns and
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available alternatives is a precondition for credibly evaluating
the adoption and impacts of sustainable crop protection
practices. Increasingly, ex-ante assessments supplement
simulation and optimization tools with survey methods and
experimental designs that directly elicit farmer preferences
and decision logic, rather than inferring them from assumed
objective functions. Methodological frameworks including
discrete choice experiments and the Theory of Planned
Behaviour have been applied to examine farmer adoption
intentions (Sok et al., 2021; Bakker et al., 2021).

System Perspectives Are Required

Reducing pesticide-related risks requires a systems-
level perspective that reaches beyond individual farm
management decisions. Although the analysis presented
here focuses predominantly on farm-level behavior, the agri-
food system context is indispensable for understanding the
broader transition to sustainable crop protection, since many
of the drivers of farmer behavior are themselves shaped by
other actors throughout the food supply chain (Engel et al.,
2019). Effective and equitable policy must therefore engage
all stakeholders across the food value chain—input suppliers,
farmers, processors, retailers, and consumers. Systemic
change can be facilitated by creating market conditions
that reward low-pesticide production systems, for instance
through labelling, procurement standards, or financial
incentives. The analytical insights derived from studying
individual farmer behavior must be embedded within this
holistic systems framework, taking into account legislators,
technology developers, supply chain operators, and consumer
behavior. Farmer behavior within these systems is shaped by
a complex and interactive set of forces including personal
beliefs, economic incentives, social norms, and institutional
structures, which are themselves mutually reinforcing (Engel
et al., 2019). Barriers to innovation adoption can emerge at
both the individual and system level (Kuntosch and Konig,
2018), and effective policy must be designed with this
complexity in mind.

Conclusion

This study has examined the adoption of sustainable crop
protection practices in European agriculture through an
interdisciplinary lens, integrating agronomic knowledge,
behavioral insights, and methodological tools for policy
analysis. Four core challenges have been identified. First,
sustainable crop protection approaches consist of multi-
measure combinations that are rarely treated as integrated
systems in existing research or policy frameworks.
Second, current definitions of adoption and related policy
success metrics tend to rely on narrow, easily measured
indicators. Third, while a diverse range of factors shapes
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farmer adoption decisions, behavioral dimensions remain
understudied relative to their potential importance. Fourth,
the tools currently used for policy analysis are inadequate for
capturing the full range of relevant characteristics, including
both the complex effects of pest management policies and
the behavioral determinants of farmer decision-making.
Addressing these gaps will be essential to designing effective
policies that support the transition to more sustainable crop
protection systems.

References

Adeux, G., Vieren, E., Carlesi, S., Barbéri, P., Munier-Jolain, N., &
Cordeau, S. (2019). Mitigating crop yield losses through weed
diversity. Nature Sustainability, 2(11), 1018-1026. https://doi.
0rg/10.1038/s41893-019-0415-y

Asplen, M.K., Anfora, G., Biondi, A., Choi, D.-S., Chu, D., Daane,
KM, ... & Zappala, G. (2015). Invasion biology of spotted
wing drosophila (Drosophila suzukii): a global perspective
and future priorities. Journal of Pest Science, 88(3), 469-494.
https://doi.org/10.1007/s10340-015-0681-z

Bakker, L., Sok, J., Van Der Werf, W., & Bianchi, EJ.J.A. (2021).
Kicking the habit: what makes and breaks farmers’ intentions
to reduce pesticide use?. Ecological Economics, 180, 106868.
https://doi.org/10.1016/j.ecolecon.2020.106868

Carisse, O., & Rolland, D. (2004). Effect of timing of application
of the biological control agent Microsphaeropsis ochracea on
the production and ejection pattern of ascospores by Venturia
inaequalis. Phytopathology, 94(12), 1305-1314. https://doi.
org/10.1094/PHYTO.2004.94.12.1305

Chapman, K.S., Sundin, G.W.,, & Beckerman, J.L. (2011). Identifi-
cation of resistance to multiple fungicides in field populations
of Venturia inaequalis. Plant Disease, 95(8), 921-926. https://
doi.org/10.1094/PDIS-12-10-0876

Engel, A., Poortvliet, PM., & Klerkx, L. (2019). Toward under-
standing conservation behavior in agriculture as a dynamic
and mutually responsive process between individuals and the
social system. Journal of Soil and Water Conservation, 74(4),
74A-80A. https://doi.org/10.2489/jswc.74.4.74A

Grovermann, C., Schreinemachers, P, & Berger, T. (2013). Quan-
tifying pesticide overuse from farmer and societal points of
view: an application to Thailand. Crop Protection, 53, 161-
168. https://doi.org/10.1016/j.cropro.2013.07.010

Guinet, M., Adeux, G., Cordeau, S., Courson, E., Nandillon, R.,
Zhang, Y., ... & Munier-Jolain, N. (2023). Fostering temporal
crop diversification to reduce pesticide use. Nature Communi-
cations, 14, 7416. https://doi.org/10.1038/s41467-023-43183-5

Holb, I. (2009). Fungal disease management in environmentally
friendly apple production - a review. In E. Lichtfouse (Ed.),
Sustainable Agricultural Reviews, Vol. 2: Climate Change, In-

14



Sahaya et al.

tercropping, Pest Control and Beneficial Microorganisms (pp.
219-292). Springer. https://doi.org/10.1007/978-90-481-2716-
0_8

Jorgensen, L.N., Kudsk, P, & @rum, J.E. (2019). Links between
pesticide use pattern and crop production in Denmark with
special reference to winter wheat. Crop Protection, 119, 147~
157. https://doi.org/10.1016/j.cropro.2019.01.016

Kathage, J., Castanera, P, Alonso-Prados, J.L., Gomez-Barbero, M.,
& Rodriguez-Cerezo, E. (2018). The impact of restrictions on
neonicotinoid and fipronil insecticides on pest management
in maize, oilseed rape and sunflower in eight European Union
regions. Pest Management Science, 74(1), 88-99. https://doi.
org/10.1002/ps.4715

Knapp, L., Bravin, E., & Finger, R. (2019a). Data on Swiss fruit and
wine growers’ management strategies against D. suzukii, risk
preference and perception. Data in Brief, 24, 103920. https://
doi.org/10.1016/j.dib.2019.103920

Kuntosch, A., & Konig, B. (2018). Linking system perspectives
with user perspectives to identify adoption barriers to food
security innovations for smallholder farmers - evidence from
rural Tanzania. Food Security, 10(4), 881-896. https://doi.
org/10.1007/s12571-018-0813-1

Laloi, G., Vergne, E., Durel, C.E., Le Cam, B., & Caffier, V. (2017).
Efficiency of pyramiding of three quantitative resistance loci
to apple scab. Plant Pathology, 66(3), 412-422. https://doi.
org/10.1111/ppa.12577

Mesnage, R., Straw, E.A., Antoniou, M.N., Benbrook, C., Brown,
M.J., Chauzat, M.P, ... & Zioga, E. (2021). Improving pesti-
cide-use data for the EU. Nature Ecology & Evolution, 5(12),
1560. https://doi.org/10.1038/s41559-021-01574-1

Mohring, N., Bozzola, M., Hirsch, S., & Finger, R. (2020). Are pes-
ticides risk decreasing? The relevance of pesticide indicator
choice in empirical analysis. Agricultural Economics, 51(3),
429-444. https://doi.org/10.1111/agec.12567

Mohring, N., et al. (2024). Global assessment reveals multiple win-
win situations from sustainable crop protection. (Submitted
manuscript).

Parisi, L., Gros, C., Combe, E, Parveaud, C.-E., Gomez, C., &
Brun, L. (2013). Impact of a cultivar mixture on scab, pow-
dery mildew and rosy aphid in an organic apple orchard.
Crop Protection, 43, 207-212. https://doi.org/10.1016/j.cro-
pro.2012.09.014

Park, T.A., & Lohr, L. (2005). Organic pest management decisions:
a systems approach to technology adoption. Agricultural

Sustainable Crop Protection Through Improved ...

Economics, 33(3), 467-478. https://doi.org/10.1111/j.1574-
0862.2005.00381.x

Passey, T., & Xu, X. (2019). Epidemiology and management of
apple scab. In X. Xu & M. Fountain (Eds.), Integrated Man-
agement of Diseases and Insect Pests of Tree Fruit (pp. 3-20).
Burleigh Dodds Science Publishing. https://doi.org/10.19103/
AS.2019.0052.01

Patocchi, A., Wehrli, A., Dubuis, PH., Auwerkerken, A., Leida, C.,
Cipriani, G., ... & Peil, A. (2020). Ten years of VINQUEST:
first insight for breeding new apple cultivars with durable ap-
ple scab resistance. Plant Disease, 104(8), 2074-2081. https://
doi.org/10.1094/PDIS-11-19-2473-SR

Riemens, M., Senderskov, M., Moonen, A.C., Storkey, J., & Kud-
sk, P. (2022). An integrated weed management framework: a
pan-European perspective. European Journal of Agronomy,
133, 126443. https://doi.org/10.1016/j.eja.2021.126443

Schnyder, H., Auerswald, K., Geist, J., & Heissenhuber, A. (2019).
Farmers need independent and holistic advice. Agrarfor-
schung Schweiz, 10(1), 2-9. https://doi.org/10.34776/afs10-2

Skellern, M.P, & Cook, S.M. (2018). Prospects for improved oft-
crop habitat management for pollen beetle control in oilseed
rape. Arthropod-Plant Interactions, 12(6), 849-866. https://
doi.org/10.1007/s11829-018-9640-6

Sok, J., Borges, J.R., Schmidt, P., & Ajzen, I. (2021). Farmer be-
haviour as reasoned action: a critical review of research with
the theory of planned behaviour. Journal of Agricultural
Economics, 72(2), 388-412. https://doi.org/10.1111/1477-
9552.12411

Sutton, D.K., MacHardy, WE., & Lord, W.G. (2000). Effect of
leaf shredding or treating apple leaf litter with urea on as-
cospore dose of Venturia inaequalis and disease buildup.
Plant Disease, 84(12), 1319-1326. https://doi.org/10.1094/
PDIS.2000.84.12.1319

Wiebers, U.-C., Metcalfe, M., & Zilberman, D. (2002). The influ-
ence of pest management advice on pesticide use in California
tomatoes. In G.A. Carlson, D. Zilberman, & J.A. Miranowski
(Eds.), Economics of Pesticides, Sustainable Food Production,
and Organic Food Markets (pp. 81-98). Emerald Group Pub-
lishing. https://doi.org/10.1016/S1574-0072(02)10008-7

Xu, X.-M.,, Gao, L.-Q., & Yang, J.-R. (2010). Are insensitivities
of Venturia inaequalis to myclobutanil and fenbuconazole
correlated?. Crop Protection, 29(2), 183-189. https://doi.
org/10.1016/j.cropro.2009.07.002

15



