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A B S T R A C T

Pesticides, while indispensable for agricultural productivity, have negative
consequences on human health and the environment. In response to grow-
ing concerns within societies, numerous countries including Switzerland
have embarked on ambitious plans to curtail pesticide use and its associated
risks. However, the progress towards these use and risk reduction objectives
has been insuf�cient, leaving many targets unmet.

Perennial crops such as grapevines and apples that remain planted
for multiple seasons rank among the most pesticide intensive but also
economically relevant crops. Addressing pesticide use and risk reductions
in these crops feature large leverage for achieving substantial pesticide
reductions in agriculture overall.

This thesis consists of four standalone chapters, accompanied by four
supporting appendices, with the overarching goal of investigating factors
that in�uence the uptake of pesticide use and risk reduction strategies
at the farm in perennial crops without compromising yields and as such
agricultural productivity. Con�ning policy focus solely to farmers, who con-
stitute the ultimate users of pesticides, does not exhaust the full reduction
potential. Instead, acknowledging the role of the supply chain emerges as a
crucial factor in molding strategies for pest management decisions taken
on the farm. The exchange of information and motives of actors within the
supply chain may in�uence pest management decisions at the farm, and is
thus focus within this thesis. Using survey data from 681 grapevine and
apple growers across Switzerland, the thesis examines factors affecting the
uptake of fungus-resistant grapevine varieties that feature large potential
to cut pesticide use in vineyards without compromising yields. However,
their uptake remains low. Moreover, the thesis examines factors affecting
the use of cosmetic pesticides which aim at augmenting the visual quality
of dessert apples without affecting output quantities.

After setting the introductory context in chapter 1, the thesis documents
in chapter 2 a signi�cant increase in the land share grapevine growers
expect to devote to fungus-resistant grapevine varieties within the next
decade. Speci�cally, the land share is expected to grow by 169% compared
to the current level, with one third of new plantings being fungus-resistant.
Farm- and farmer characteristics explain most of this increase, opposed
to farmers' perceptions, preferences, regional characteristics or personal-
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ity traits. Furthermore, the thesis documents in chapter 3 that nudging
grapevine growers with personalized information about their use of envi-
ronmentally toxic fungicides demonstrates limited ef�cacy in promoting
the uptake of fungus-resistant varieties. Instead, providing personalized
information to grapevine growers whose beliefs are intervention incom-
patible might yield unintended adverse effects. In chapter 4, the thesis
examines the effect of fungus-resistant varieties' eligibility for geographical
denominations on their use by grapevine growers. The results show that
fungus-resistant varieties are more likely to be taken up if they are eligible
for geographical denominations, yet at a smaller magnitude compared to
traditional varieties. In chapter 5, the focus is on explanatory factors of
the use of cosmetic pesticides. The results show that the more distant the
producer is to the �nal consumer, i.e. by marketing via intermediaries, the
more likely is the use of cosmetic pesticides.

In conclusion, the thesis provides �ve practical public policy considera-
tions towards reducing pesticide use and risks in perennial crops, as well
as limitations and avenues for future research.

viii



Z U S A M M E N FA S S U N G

P�anzenschutzmittel sind unverzichtbar für die landwirtschaftliche Produk-
tivität, werfen jedoch einen Schatten negativer Folgen auf die menschliche
Gesundheit und die Umwelt. Als Reaktion auf wachsende Bedenken in der
Gesellschaft haben zahlreiche Länder, einschliesslich der Schweiz, ehrgei-
zige Pläne zur Eindämmung der Verwendung von P�anzenschutzmittel
und der damit verbundenen Risiken in die Wege geleitet. Allerdings ist der
Fortschritt bei der Umsetzung dieser Ziele zur Reduzierung von Verwen-
dung und Risiken unzureichend, wodurch viele Zielvorgaben (noch) nicht
erreicht wurden.

Mehrjährige Kulturen wie Weinreben und Äpfel, die über mehrere Sai-
sons hinweg gep�anzt bleiben, gehören zu den p�anzenschutzmittelinten-
sivsten, aber auch wirtschaftlich relevantesten Kulturen. Die Reduzierung
der Verwendung von P�anzenschutzmitteln und der mit ihrem Einsatz
verbundenen Risiken in diesen Kulturen bieten Potential, eine erhebliche
Reduktion des Einsatzes von P�anzenschutzmitteln in der Landwirtschaft
anzustossen.

Das übergreifende Ziel der Arbeit ist es, Faktoren zu eruieren, die die Auf-
nahme von landwirtschaftlichen Praktiken bestimmen, welche zur Redukti-
on von P�anzenschutzmitteln in mehrjährigen Kulturen beitragen, ohne die
Erträge und somit die landwirtschaftliche Produktivität zu beeinträchtigen.
Diese Arbeit entfaltet sich über vier eigenständige Kapitel, begleitet von
vier unterstützenden Anhängen. Eine Fokussierung der Politikmassnahmen
ausschliesslich auf die Produzentinnen und Produzenten, die letztendlichen
Anwenderinnen und Anwender von P�anzenschutzmitteln, erweist sich als
inef�zient zur erfolgreichen Reduktion vom P�anzenschutzmitteleinsatz
auf den Betrieben. Stattdessen erweist sich die Anerkennung der Liefer-
kette als zentral bei der Gestaltung von Massnahmen für die nachhaltige
Schädlingsbekämpfung auf den Betrieben. Der Informationsaustausch und
die Beweggründe der Akteure innerhalb der Lieferkette können die Ent-
scheidungen zur Schädlingsbekämpfung auf den Betrieben beein�ussen
und stehen daher im Mittelpunkt dieser Arbeit. Unter Verwendung von
Umfragedaten von 681 Wein- und Apfelbäuerinnen und -bauern in der
Schweiz untersucht die Arbeit Faktoren, die den Anbau von pilzwider-
standsfähigen Rebsorten beein�ussen. Obwohl diese Rebsorten ein enormes
Potenzial zur Reduzierung von P�anzenschutzmittelverwendung in Reb-
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bergen bieten, ohne dabei die Erträge zu beeinträchtigen, ist der Anbau
dieser Sorten gering. Darüber hinaus untersucht die Arbeit Faktoren, die
die Verwendung von kosmetischen P�anzenschutzmitteln beein�ussen, die
darauf abzielen, die visuelle Qualität von Tafeläpfel zu erhöhen, ohne die
Produktionsmenge dabei zu beeinträchtigen.

Nachdem im ersten Kapitel der einführende Kontext dargelegt wurde,
dokumentiert die Arbeit im zweiten Kapitel einen signi�kanten Anstieg
des Flächenanteils, den Winzerinnen und Winzer in den nächsten zehn Jah-
ren pilzwiderstandsfähigen Rebsorten widmen wollen. Konkret soll dieser
Flächenanteil um 169% gegenüber dem aktuellen Stand wachsen, wobei
ein Drittel der Neuanp�anzungen pilzwiderstandsfähig sein soll. Eigen-
schaften der Betriebe und der Produzentinnen und Produzenten erklären
den Grossteil dieses Anstiegs. Wahrnehmungen, Präferenzen, regionale
Eigenschaften oder Persönlichkeitsmerkmale der Winzerinnen und Winzer
spielen hingegen eine untergeordnete Rolle. Weiterhin dokumentiert die
Arbeit im dritten Kapitel, dass das gezielte Ansprechen von Winzerinnen
und Winzer mit personalisierten Informationen über die Verwendung um-
welttoxischer Fungizide nur eine begrenzte Wirksamkeit bei der Förderung
der Aufnahme von pilzwiderstandsfähigen Sorten zeigt. Stattdessen führt
die Bereitstellung personalisierter Informationen an Weinbäuerinnen und
Bauer, deren Überzeugungen interventionsinkompatibel sind, unbeabsich-
tigte nachteilige Effekte herbei. Im vierten Kapitel untersucht die Arbeit den
Effekt der Zulassung pilzwiderstandsfähiger Sorten für geogra�sche Her-
kunftsbezeichnungen auf ihre Verwendung durch Winzerinnen und Winzer.
Die Ergebnisse zeigen, dass pilzwiderstandsfähige Sorten eher verwendet
werden, wenn sie für geogra�sche Herkunftsbezeichnungen zugelassen
sind, jedoch in geringerem Masse im Vergleich zu traditionellen Sorten. Im
fünften Kapitel liegt der Fokus auf relevanten Faktoren für die Verwendung
von kosmetischen P�anzenschutzmitteln. Die Ergebnisse zeigen, dass je
weiter die Produzentin oder der Produzent vom Endverbraucher entfernt
ist, d.h. durch den Vertrieb über Zwischenhändler, desto wahrscheinlicher
ist die Verwendung von kosmetischen P�anzenschutzmitteln.

Zusammenfassend liefert die Arbeit fünf praktische politische Überlegun-
gen zur Reduzierung der Verwendung von P�anzenschutzmitteln und der
damit verbundenen Risiken in mehrjährigen Kulturen, sowie Limitationen
und Ansätze für zukünftige Forschung.
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1
I N T R O D U C T I O N

A 'pesticide' is something that prevents, destroys, or
controls a harmful organism ('pest') or disease, or
protects plants or plant products during production,
storage and transport. Plant protection products are
'pesticides' that protect crops or desirable or useful
plants. They are primarily used in the agricultural
sector but also in forestry, horticulture, amenity areas
and in home gardens.

— European Commission (2023b)

1.1 context

This section delves into the topic of pesticide use in agriculture, with a
special emphasis on perennial crops, highlighting concerns about adverse
effects on the environmental and human health. This section also includes
a literature review on factors affecting the (non)-use of pesticides, as well
as the research gaps this thesis aims to address.

1.1.1 Pesticides in agriculture

Agriculture plays a vital role in meeting the global demand for food, feed,
�ber, and fuel. To achieve high crop yields quantitatively and qualitatively,
farmers have increasingly relied on pesticides to control pests, diseases,
and weeds that can cause substantial losses especially in fruit production
if left untreated (Popp et al., 2013; Savary et al., 2019; Tudi et al., 2021).1

About one third of agricultural products are produced using pesticides,
making agriculture the largest sector consuming pesticides (around 85% of
world production) (Cassou, 2018; Tudi et al., 2021). However, pesticide use
comes with negative side effects, at the global scale, requiring urgent action
(Braga et al., 2020; Tang et al., 2021). Thus, ambitious policies aiming at
reducing risks caused by chemical and hazardous pesticides have been im-
plemented at global, regional, and national levels (e.g. Finger, 2021; Obura,

1 The thesis hereafter uses the term pesticides to refer to plant protection products, including
substances used in conventional and organic agriculture.

1
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2023; Schebesta et al.,2020), and as such respond to the growing concerns
regarding their negative impacts on human health and the environment
(Finger, 2021; Kim et al., 2017).2 However, the implemented policies have
had mixed success.3 The trade-off between agricultural productivity and
sustainability depict one of the most pressing challenges of the century
(Foley et al., 2011; Lechenet, Dessaint, et al.,2017).

Adverse effects of pesticide use

Pesticides can cause a range of adverse effects on human health and the
environment. For instance, pesticide exposure has been linked to adverse
infant health outcomes, brain tumors, reproductive dysfunction or malfunc-
tion of the nervous system (e.g. Hu et al., 2015; Istvan et al., 2021; Jones,
2020; Provost et al., 2007).4 Similarly, the decline in birds, bees, amphibians,
and aquatic biodiversity alongside adverse effects on growth and repro-
duction of earthworms have been associated with pesticide exposure (e.g.
Brühl et al., 2013; Goulson et al., 2015; Hallmann et al., 2014; Stehle et al.,
2015; Yasmin et al., 2010).5 While the majority of studies examining adverse
effects of pesticides focus on chemical substances, there is a growing con-
cern regarding metals and organic pollutants like copper-based products.
In fact, many perennial crop systems such as vineyards have soil copper
concentrations that surpass warning and legislative limits in Europe (e.g.
Komárek et al., 2010; Mackie et al., 2012). Similarly, worker exposure upon
re-entry into vineyards treated with copper-based formulations surpasses
the permissible operator exposure level (European Food Safety Authority
et al., 2018; Wang, Ma, Wei, et al., 2023). As a result, in Switzerland copper
has been listed as a compound with a particular risk potential and is to be
substituted (Bundesamt für Landwirtschaft, 2022b).6

2 In Switzerland, for example, the aim is to reduce risks stemming from persistent substances in
soil by 50% until 2027(to reference period 2012-2015) (Bundesamt für Landwirtschaft, 2023).

3 For example, farmers continue to apply pesticides in high quantities, and surface and ground-
water contamination consistently surpass legal limits (Hossard et al., 2017; Möhring, Ingold,
et al., 2020; Spycher et al.,2018; Stehle et al.,2015).

4 See Kim et al. (2017) or Afshari et al. ( 2021) for reviews on pesticide exposure and human
health.

5 See Gunstone et al. (2021) for a review.
6 Copper fungicides face restrictions in European organic agriculture due to their ecological

impact. Usage limits vary across countries, but recent EU re-evaluation has imposed stricter
regulations (Dagostin et al., 2011).
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Intensive pesticide use in perennial crops

Perennial crops that remain planted for multiple years play a substantial
role in the use of pesticides in agriculture (Lamichhane, 2017).7 The share of
perennial crops (e.g. grapevines, fruit trees) is associated with a higher risk
of pesticide pollution globally (Wuepper, Tang, et al., 2023). In Switzerland,
for example, 42% of all pesticides applied in Swiss agriculture stem from
vineyards or orchards (see Figure 1.1) (de Baan,2020).8 Fungicides are the
largest substance group, including copper-based substances.

Figure 1 .1: Economic value (A) and pesticide use (B) per crop in Switzerland

Note: Panel A shows gross non-animal production values averaged between 2010and 2020
at constant 2014-2016thousand US$ per culture (converted to CHF with 1 US$ = 0.9 CHF).
Perennial crops are highlighted in bold color. Peaches and nectarines, plums and sloes,
cherries, apricots, berries, and raspberries are grouped into the stone fruit culture.
Similarly, pome fruit are apples and pears. Other cereals are rye and triticale. Beans, lupins,
peas, and leguminous vegetables are grouped to legumes. Numbers in parentheses on the
bars represent respective shares from total production value. Panel B shows yearly
pesticide use values averaged between2009and 2018in tons per culture and substance
group. The Others pesticide group refers to all other categories than those shown, such as
growth regulators and molluskicides. Sources: FAO ( 2022), de Baan (2020).

7 The terms permanent and perennial crops are commonly used interchangeably, with specialty
crops being a subcategory of perennial crops (Kerr, 2016; Neill et al., 2021).

8 This large consumption of pesticides in perennial crops is not unique to Switzerland. Also in
the European Union, fungicide applications in vineyards account for around 70% from total
fungicide use (EUROSTAT, 2000; Nesselhauf et al., 2019). Note that the quantity of pesticides
used does not necessarily re�ect the risks caused (Möhring, Gaba, et al., 2019).
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Vineyards and orchards have long average productive live spans, and
are thus more susceptible to persistent pest and disease pressures such as
fungi which are overwintering pathogens (Carbone et al., 2019; Clifford
et al., 1975).9 As a result, the rapid potential for fungal pathogen buildup
leads to the accumulation of pathogens on perennial crops, thereby possibly
amplifying disease pressure in subsequent years (Fulcher et al., 2022).

In the absence of crop rotation or soil tillage for pest management which
is typically available in annual crops, farmers often resort to pesticides
to manage pests and diseases in perennial crops effectively (e.g. Fulcher
et al., 2022). Moreover, vineyards and orchards are often planted in mono-
cultures, with large areas dedicated to a single crop (Fouillet et al., 2023).
This lack of crop diversity can lead to the rapid spread of pests and dis-
eases, necessitating the use of pesticides for control (Crews et al.,2018).
Grapevines and pome fruits rank also among the most economically rel-
evant crops in Switzerland and elsewhere (Figure 1.1) (FAO, 2022).10 For
example in Switzerland, grapevines account for 17.4% and pome fruits
represent 12.2% of the total crop production value. 11 This high economic
value creates a strong incentive for growers to protect their yields from
potential quantitative or qualitative damage from pathogens (Rosenheim
et al., 2020).12

Although pest management plays a critical role in maintaining productiv-
ity and pro�tability in perennial crops, the predominant approach currently
relies on treatment-oriented strategies, primarily through the use of pesti-
cides. Despite the availability of alternative low- or no-pesticide practices,
their adoption among farmers remains limited, and is in�uenced by a
variety of factors.

9 Changing climatic conditions may extent the overwintering range of certain pests (Ma et al.,
2021)

10 Globally, the combined contribution of grapevines and apples to the total crop production
value among the countries that cultivate at least some of these crops stands at 8.2%. (FAO,
2022).

11 Furthermore, the economic value per hectare is around 7 times higher in perennial crops
compared to annual crops (Agrarbericht, 2022b; FAO, 2022).

12 Perennial crops and especially vineyards are also important providers of cultural ecosystem
services to residents and visitors, and yield regions with a strong identity represented by
cultural heritage (Winkler et al., 2016). For instance, 15 wine regions rank on UNESCO's
World Heritage List, re�ecting the vast cultural value grapevine production inherits around
the world.
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Figure 1 .2: Behavioral, structural, environmental, and institutional factors affect-
ing the uptake of sustainable farming practices

Note: This �gure depicts key factors in�uencing the adoption of sustainable practices such
as low- or no-pesticide methods. These factors include farmer and farm characteristics,
environmental and behavioral factors, as well as institutional factors such as agricultural
and food policies, and societal/market environments shaping the overall landscape. Source:
Own illustration, inspired by Dessart et al. ( 2019) and Möhring, Ingold, et al. ( 2020).

1.1.2 Factors in�uencing the use of pesticides

A myriad of factors in�uences the use of sustainable farming practices such
as low- or no-pesticide practices. Farmers' pesticide use decisions depend
on subjective perceptions of costs and bene�ts, in�uenced by behavioral,
structural (i.e. farmer and farm characteristics), environmental factors and
the institutional framework (Figure 1.2) (e.g. Dessart et al.,2019; Möhring
and Finger, 2022).

Structural, behavioral, and environmental factors

Farm characteristics such as the production system, cultivated crops,
uptake of crop insurance, farm size or degree of specialisation have been
found to be important predictors of the use of pesticides (e.g. Bopp et
al., 2021; Möhring, Dalhaus, et al., 2020; Tamis et al., 1999; Zhu et al.,
2021). Similarly, farmer characteristics such as the educational training may
in�uence the use of pesticides (Bopp et al., 2021).
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Behavioral aspects such as dispositional, social, and cognitive factors
in�uence the uptake of sustainable farming practices (Dessart et al., 2019).
For instance, farmers' locus of control and aspirations predict the adoption
of preventive pest measures (Knapp, Wuepper, and Finger, 2021). Similarly,
risk preferences may in�uence the use of pesticides, and perceptions about
low-pesticide practices' environmental and human health bene�ts impact
the participation in low- or no-pesticide programs (Finger and Möhring,
2022; Gong et al., 2016). Also, social factors such as imitating neighboring
farmers' pesticide use behavior in�uences an individual's own decision on
pesticide usage (Aida, 2018).

Moreover, environmental factors such as favorable conditions for pests to
develop and spread are linked to the use of preventive pest practices (e.g
Finger, Zachmann, et al., 2023; Mailly et al., 2017). Changing climatic con-
ditions will likely increase pest pressure in the future for many important
pests, but also challenge pesticide ef�ciency resulting from altered plant
metabolisms (e.g. Deutsch et al.,2018; Matzra�, 2019; Salinari et al., 2006).

Institutional factors

Agricultural and food policies as well as the society and market environ-
ment, broadly referred to as the institutional framework, in�uence the use
of pesticides.

Public policies such as agricultural and food policies refer to laws and
regulations formulated and implemented by government entities (e.g. fed-
eral or cantonal). For instance, agricultural policies such as differentiated
tax or agri-environmental schemes in�uence the attractiveness of pesticides
and thus their use by farmers (Finger, Möhring, et al., 2017; Kuhfuss and
Subervie, 2018).

On the other hand, private policies are rules or standards established by
non-governmental entities, such as companies or organizations which are
often resulting from marketable and societal demands (e.g. Green, 2013).
For example, societal demand to transition toward more sustainable farm-
ing practices, for instance via democratic initiatives, raise awareness and
foster discussions in policy, society, and industry (Finger, 2021; Schaub
et al., 2020). These discussions have the potential to in�uence consumer
preferences, leading to the emergence of marketable low- or no-pesticide
products. By setting private standards that go beyond legal regulations,
private actors can in�uence pesticide management practices at the farm
(Gölles et al., 2015; Möhring and Finger, 2022). Private actors in the agri-
food system are becoming more important in shaping agricultural policies,
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especially in the transition towards low pesticide practices (Fulponi, 2006;
Möhring and Finger, 2022). Such private standards include, for instance,
third-party certi�cation or participatory guarantee systems (Enthoven et al.,
2023; Home et al., 2017).13

The role of supply chains

The stylized supply chain refers to the integrated system of stakehold-
ers involved in input provision, production, processing, distribution, and
consumption of agricultural products. Effective coordination within the
supply chain has demonstrated its impact on pesticide use at the farm. For
instance, vertical coordination, exempli�ed by practices such as contract
farming, has proven bene�cial for providing high-quality inputs, including
non-toxic pesticides (e.g. Otsuka et al., 2016). On the other hand, horizontal
coordination, as observed in cooperatives, may signi�cantly reduce the use
of pesticides on the farm (e.g. Liu and Wu, 2022).

The importance of supply chains is particularly evident in the context of
perennial crops, which remain productive over an extended period. Farmers
are more likely to adopt sustainable farming practices when the market
recognizes their value. For example, new varieties will be planted if there is
a market to which they can be sold (Becker, 2013). Such planting decisions
involve long-term investments and require establishing enduring partner-
ships within the supply chain. Furthermore, prices of perennial crops are
usually relatively high so that perennial crop producers' income depend less
on agricultural subsidies rather than supply chain characteristics (D'Amico
et al., 2016).

While farmers who are mainly involved in agricultural production are
the ultimate users of pesticides, they are often the target group of policies
aimed at reducing pesticide risks. However, in the current agri-food system
farmer's pesticide use decisions at the farm depend also on other stake-
holders involved in the system (e.g. Kanter, Bartolini, et al., 2019). Thus,
encompassing all actors in the agri-food system and taking a holistic per-
spectives is crucial for effective and ef�cient pesticide policies (Finger, 2018;
Jacquet et al.,2022; Möhring, Ingold, et al., 2020). Supply chain policies
aimed at enhancing and signaling productions standards, such as geograph-
ical denominations, may potentially impact farmer behavior in terms of
pest management (Alston et al., 2021).

13 Note that modern value chains, such as supermarkets, rely more on expensive and national
or global third-party certi�cation, while participatory guarantee systems are promoted as an
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Figure 1 .3: The supply chain within the agri-food system

Note: This �gure illustrates a simpli�ed agricultural supply chain, where inputs (e.g.
seedlings) are used in production, potentially involving intermediaries (e.g. processors,
traders, retailers), before reaching the �nal consumers of the agricultural product. The
entire supply chain is in�uenced by agricultural and food policies set by public actors (e.g.
agricultural authorities), as well as private standards established by private actors (e.g.
retailers) that often arise from societal and market demands. The dashed lines with
numbers represent the chapters within this thesis, connecting various actors along the
supply chain and the institutional framework, evaluating the role of speci�c factors while
accounting for other in�uential factors discussed in section 1.1.2 and visualized in light
grey. Source: Own illustration.

1.2 research gaps and objectives

Although the existing literature delves into factors in�uencing sustainable
farming practices such as low- or no-pesticide practices, there is a notable
research gap when it comes to perennial crops like grapevines and apples.
These crops, despite the substantial use of pesticides, have received compar-
atively limited attention in the current body of research. This is especially
true for low- or no-pesticide practices that do not compromise crop yields.
Achieving sustainable transformation in pest management while ensuring
food security necessitates identifying and implementing alternative low or
no pesticide practices, in close collaboration with food-value chain actors
(Möhring, Kanter, et al., 2023). However, the in�uence of supply chains and
their attributes on low- or no-pesticide practices in high-value perennial
crops has not yet fully been explored.

inclusive and pro-poor certi�cation method in traditional value chains mainly in developing
countries (Enthoven et al., 2023).
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The research objective of this thesis is two-fold. First, it aims at identifying
potentials for pesticide use and risk reductions in two perennial crops,
namely grapevines and apples in Switzerland. Second, this thesis aims to
assess the roles of institutional actors along the food value chain, both public
and private, focusing on the importance of information exchange. Public
and private actors and their policies are key in shaping the production
environment. Food value chain actors may face different goal functions,
thus using information (or evidence) with different motivations (Hofmann
et al., 2022).14 For instance, truth-seekingactors base their decisions on
cutting-edge scienti�c evidence. Sense-makingactors use information to
integrate it into their belief systems. Last, utility-maximizing actors use or
transmit information to pursue own interests (Hofmann et al., 2022).

The thesis explores explicit and implicit information provision within
the institutional framework to assess their impact on promoting sustain-
able pest management practices, considering different actor types. Explicit
information involves direct articulation, such as personalized information
provision, while implicit information, such as labels, indirectly refers to
product characteristics (e.g. Woods et al., 2013).

1.2.1 Pesticide reduction potentials without compromising yields in perennial
crops

The focus is on the study of factors in�uencing the uptake of fungus-
resistant grapevine varieties and the use of cosmetic pesticide applications
in apple production which both allow to reduce pesticide use without com-
promising yields. To achieve pesticide reduction targets without compro-
mising other goals like food security, policies must incentivize the adoption
of sustainable practices, both through public and private means (Möhring,
Kanter, et al., 2023). Promoting the use of fungus-resistant grapevine va-
rieties and reducing cosmetic pesticide applications are effective initial
steps.

Fungus-resistant grapevine varieties refer to cultivars that have been bred
to possess increased resistance against fungal diseases, such as powdery
mildew and downy mildew, as well as favorable oenological quality charac-
teristics (Bavaresco,2019). These varieties are a technological advancement,
as they reduce fungicide treatments by around 80% without compromising
yields quantitatively and qualitatively (Poni et al., 2017; Viret et al., 2019).
Thus, fungus-resistant varieties play a crucial role in reducing pesticide

14 Note that in this thesis information and scienti�c evidence are use interchangeably.
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use in vineyards and given the substantial amount of pesticides typically
employed in viticulture, their impact extends to agriculture as a whole.
However, despite the increasingly perceived potential by consumers, the
uptake of fungus-resistant varieties remains low, indicating the need to
study factors in�uencing their uptake at the farm (Finger, Zachmann, et al.,
2023; Vecchio et al., 2022).15

RQ1 What factors in�uence the uptake of fungus-resistant varieties at the
farm?

Similarly, cosmetic pesticide applications, which primarily aim to enhance
the visual appearance of agricultural goods, serve a purpose that extends
beyond quantitative damage abatement. Cosmetic pesticides have no direct
impact on food security, which pertains to the availability and accessibil-
ity of safe and nutritious food. Visual appearance of goods and as such
cosmetic applications is particularly relevant in the context of unprocessed
agricultural foods, such as table apples.

RQ2 What factors in�uence the use of cosmetic pesticides?

1.3 methodological approach

This doctoral thesis combines economic theory and econometric methods
with survey data to examine the research questions and objectives outlined
above.

1.3.1 Conceptual framework

This thesis follows conceptually economic theory which is fundamental
in explaining decision-making under uncertain prospects. In doing so, the
thesis uses both descriptive (i.e. behavioural economics) and normative (i.e.
expected utility theory) approaches to explain decisions taken by farmers
(Thaler, 2018). In the context of perennial crops, economic theory helps to
understand how farmers make decisions when faced with uncertain out-
comes in long-term investments, such as information asymmetries, market
conditions, or pest pressure.

Expected utility theory assumes that farmers make decisions based on
their preferences and the expected utility of their choices (e.g. Chavas, 2004).

15 In Switzerland the land under fungus-resistant varieties was 2.8% in 2021from total land
under grapevines (Bundesamt für Landwirtschaft, 2021).
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Expected utility differentials and thus decisions across farms are driven by
structural, behavioral, and environmental factors which are embedded in
the institutional framework (see also Figures 1.2 and 1.3) (e.g. Möhring and
Finger, 2022).16 Expected utility theory proves to be a highly effective frame-
work for navigating situations marked by risk, especially when decisions
require a long-term perspective. While expected utility theory assumes
actors to behave rational (e.g. Von Neumann et al., 2007), behavioural eco-
nomics departs from the observation that actors in given contexts deviate
from strict rationality. Behavioral economics is well suited in scenarios of
imperfect information, such as personalized information provision.

1.3.2 Empirical methods

Empirically, this thesis utilizes econometric methods (i.e. Ordinary Least
Squares and Maximum Likelihood) to investigate the research questions
and objectives. Furthermore, the thesis incorporates a variety of estimation
techniques as robustness checks to alleviate modeling assumptions. As such,
econometric analyses allow for the examination of associations, causality,
and quantitative patterns within the contextual application, and often
beyond.

1.3.3 Data

The thesis uses two surveys with grapevine growers and apple producers
across Switzerland to gather information on their production and pest man-
agement decisions, together with structural, behavioral, and institutional
factors.

Detailed data on pesticide use and pest management practices to transi-
tion towards more sustainable farming practices remain scarce (Mesnage
et al., 2021). Especially in perennial crops, which rank among the most
pesticide intensive crops, data on pesticide reduction potential without
compromising yields are lacking.

The survey with grapevine growers was carried out in German, French,
and Italian, covering all six wine regions in Switzerland (N= 436, response

16 We thus posit that farmers make decisions beyond pure pro�t maximization (e.g. Weersink
et al., 2020), taking into consideration various in�uential factors, such as personality traits,
perceptions, preferences, farmer- and farm characteristics, as well as regional and institutional
attributes.
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Figure 1 .4: Overview of the data collection

Note: The dots are randomly positioned within the municipalities to maintain the
anonymity of producers who responded to our surveys. Source: Own illustration

rate: 18.6%).17 The survey delved into aspects including the current and
expected future share of land devoted to fungus-resistant varieties and other
attributes and perceptions of growers regarding these varieties (Zachmann
et al., 2023a).

Similarly, in the apple survey, data from 245 apple producers was col-
lected in the German and French-speaking parts of Switzerland on their
pest management and farm management strategies, including behavioral
factors, marketing aspects, and other structural characteristics (response
rate: 12.7%) (Zachmann et al., 2023b).18

17 We sent the online questionnaire to 2'346grapevine growers who had previously taken part
in surveys and/or were registered on SwissWine, the online platform of the Swiss Vine and
Wine Association, thus following a convenience non-random sampling approach.

18 We did not collect data of apple farmers in the Italian-speaking part of Switzerland since this
region accounts only for 0.07% of land under apples. We sent the online questionnaire to
all apple growers in Switzerland who are registered with the Federal Of�ce of Agriculture
(N=1'932).
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We matched both surveys with environmental data, such as temperature,
precipitation, relative humidity, and pest infection risk from 102weather
stations across Switzerland. Appendices A.1 and A.2 provide more details
on the grapevine and apples surveys, respectively.

1.4 structure of the thesis

The remainder of this thesis is structured into four standalone chapters, as
well as four appendix chapters.

Chapter 2 explores the expectations of grapevine growers regarding the
development of land devoted to fungus-resistant varieties (i.e. the uptake of
a new technology). A comprehensive examination is conducted, considering
a wide range of factors that potentially in�uence the uptake dynamics,
including structural, behavioral, environmental, and institutional factors.
This examination forms the conceptual framework for understanding the
decision-making process and provides valuable insights into the various
factors that contribute to the future uptake of fungus-resistant grapevines
(2 in Figure 1.3).

In Chapter 3, the focus is on the impact of personalized information
provision about the environmental toxicity of farmers' pesticide practices on
their planting intentions of fungus-resistant varieties. This chapter assesses
the effectiveness of explicit information provision (e.g. by public policy
actors) on growers' planting intentions towards these varieties ( 3).

Chapter 4 studies the in�uence of geographical denomination systems,
de�ned by public institutions, on the uptake of fungus-resistant grapevine
varieties by farmers. Geographical denomination labeling provides implicit
information about product attributes such as origin or production standards
to consumers, and thus may in�uence farmers' varietal and as such pest
management choices (4).

In Chapter 5, the focus expands to investigating the use of cosmetic
pesticides with the main aim of enhancing the visual appearance of table
apples such as their size and color. This chapter explores how downstream
supply chain actors in�uence via private standards farmers' cosmetic pest
management decisions, shedding light on both explicit (if visual appearance
is speci�ed in contracts) or implicit information transmission in case visual
quality requirements are implied by downstream actors ( 5).

The appendix chapters provide supporting material for the thesis. Ap-
pendices A.1 and A.2 describe the data collection process and the sample
of grapevine and apple growers in Switzerland, respectively. These datasets
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correspond to the principal data sources in this thesis. Appendix A. 3 doc-
uments the interlinkage between supply chain length and the uptake of
fungus-resistant varieties, emphasizing the importance of communication
between producers and consumers for the uptake of low-pesticide practices.
Finally, Appendix A. 4 conceptually describes motivations of different actors
regarding the use of information in the context of pesticide use.

1.5 summaries of chapters

This section provides a summary of the four chapters in this thesis, centering
on data, methods, and results.

1.5.1 Chapter2

Chapter 2 examines from a large list of potential factors which ones drive
the future uptake of fungus-resistant grapevine varieties in Switzerland.
Using a supply-response set-up with 436grapevine growers, the chapter
highlights that surveyed farmers expect to increase their land devoted to
fungus-resistant varieties over the next decade by 169%, with one third
of new plantings being fungus-resistant. The uptake of fungus-resistant
varieties is primarily in�uenced by farmer and farm characteristics, as
well as growers' health perceptions. Among these factors, conventional
grapevine growers are particularly inclined to increase their cultivation of
these resistant varieties. This expansion in land devoted to fungus-resistant
varieties results, ceteris paribus, in a substantial decrease in the number of
pesticide treatments.

1.5.2 Chapter3

Chapter 3 investigates the effect of personalized information about the
use of environmentally toxic fungicides on the uptake of fungus-resistant
grapevine varieties which substantially lower the impact on the environ-
ment. Using a pre-registered and randomized information treatment experi-
ment with 436grapevine growers in Switzerland, the chapter documents no
effect of providing personalized information of farmers' use of environmen-
tally toxic fungicides on the intended plantation share of fungus-resistant
varieties. However, the chapter shows that growers' perceptions about
fungus-resistant varieties may cause this result. Speci�cally, growers who
believe fungus-resistant varieties are no better for the environment com-
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pared to traditional varieties and receive personalized information about
their use of environmentally toxic fungicides indicate to substantially re-
duce the share of land devoted to fungus-resistant varieties. This is akin to
a boomerang effect, illustrating a scenario in which the outcome is opposite
to the intended result. Nudging experiments should thus elicit growers'
perceptions regarding the information interventions and target variables
prior to the intervention to mitigate such socially undesired behavior. This
chapter presents growers as sense-making actors, as described in Appendix
A.4.

1.5.3 Chapter4

Chapter 4 assesses the effect of fungus-resistant varieties being eligible for
geographical denomination labelling on their uptake by growers. Geograph-
ical denominations are a crucial instrument in agricultural marketing to
convey information form production to consumption by means of labelling.
Geographical denomination labels grant growers with a price premium as
well as allow for the communication of production standards. However,
the eligibility for geographical denomination labelling of fungus-resistant
varieties differs across cantons and varieties. The chapter shows that fungus-
resistant grapevine varieties have a higher adoption likelihood of 2-6% by
grapevine growers when they can be sold under geographical denomina-
tions. In comparison, the uptake rate for traditional grapevine varieties is
higher, ranging from 6-13%. Moreover, fungus-resistant varieties are 4-8%
less likely to be labeled with geographical denominations, despite being eli-
gible for it, in contrast to traditional varieties. While it is favorable to include
fungus-resistant varieties into geographical denomination catalogues to pro-
mote their uptake, further policy instruments may be needed to boost their
uptake thoroughly. This chapter presents growers as utility-maximizing
actors, as described in Appendix A. 4.

1.5.4 Chapter5

Chapter 5 focuses on the effect of supply chain length on the use of cosmetic
pesticides at the farm. Cosmetic pesticides aim at primarily augmenting
visual appearance of the agricultural product. It is hypothesized that espe-
cially farms marketing indirectly via intermediaries to the �nal consumers
are particularly likely to use such cosmetic pesticides due to implicit or
explicit information transmission regarding product appearance from inter-
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mediaries to farms. The chapter shows that 19% of the growers use cosmetic
pesticides primarily to enhance the visual appearance of the fruits, while
49% utilize chemical thinning to improve the size and color of the apples.
Using a multinomial treatment effects model and 245 apple growers in
Switzerland, the chapter documents that farms which primarily market
through intermediaries to retail are 29.6% more likely to apply cosmetic
chemical pesticides for visual purposes, compared to farms that directly
market to consumers. The chapter documents that intermediaries can sig-
ni�cantly in�uence on-farm pesticide use, and as such emphasizes the need
for pesticide policies to extend beyond the farm level. This chapter presents
growers and intermediaries as utility-maximizing actors, as described in
Appendix A. 4.

1.6 significance and contribution

Perennial crops can play a crucial role in signi�cantly reducing pesticide
use in agriculture at large. This thesis contributes to reducing pesticide use
in economically relevant perennial crops, without compromising yields, in
�ve key areas.

First, this thesis provides detailed and open-access data on pest manage-
ment decisions of apple and grapevine growers across Switzerland which
allow the study of low- or no-pesticide practices and thus a transitions
towards more sustainable agriculture.

Second, the thesis contributes to the knowledge and data gap in grapevine
cultivation by investigating growers' intentions regarding the current and
future uptake of fungus-resistant varieties, a technology that allows sub-
stantial pesticide reductions. The thesis examines various factors, i.e. the
broad dynamics behind their adoption.

Third, the thesis contributes to the literature by studying the effectiveness
of personalized information in promoting low-pesticide practices in agri-
culture. By assessing whether personalized information interventions can
trigger changes in intentions of land devoted to fungus-resistant varieties,
the thesis adds valuable insights to the limited knowledge on personalized
information interventions in agriculture, aiding the development of more
effective policy tools for sustainable farming.

Fourth, the thesis' �ndings underscore the signi�cance of geographical
denominations and their role as policy tools for sustainable development
and pesticide reduction. The thesis emphasizes the potential of geographical
denominations in achieving broader sustainability goals, particularly in
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reducing pesticide usage. This highlights the importance of incorporating
environmental considerations into geographical denominations for effective
policy strategies.

Lastly, the thesis explores the use of cosmetic pesticides in apple pro-
duction and its relationship with supply chain and marketing channels.
The �ndings reveal a higher likelihood of cosmetic pesticide use among
farms utilizing intermediaries, which informs policy-making efforts aimed
at promoting sustainable farming practices and mitigating the negative
impacts of cosmetic pesticides on human health and the environment.
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D E T E R M I N A N T S O F T H E A D O P T I O N O F
F U N G U S - R E S I S TA N T G R A P E V I N E S : E V I D E N C E F R O M
S W I T Z E R L A N D

The adoption of fungus-resistant grapevines may be a key strategy for
substantially reducing fungicide use in pesticide-intensive viticulture. In a
representative survey conducted among 436grapevine growers in Switzer-
land, we elicit growers' expected share of land devoted to fungus-resistant
varieties in 10 years. More speci�cally, using regression analyses, we explore
the main predictors behind the stated adoption intentions. We �nd that one
third of new plantings in the next decade will be fungus-resistant varieties.
As a result, the expected share of land devoted to fungus-resistant varieties
in 10 years is 27.4% (compared to 10.2% in 2022) thus increasing by 169%.
Farmer and farm characteristics explain most of the adoption dynamics.
Especially growers' bene�cial health perceptions about fungus-resistant
varieties correlate positively with their expected land share devoted to these
varieties. Moreover, non-organic grapevine growers are particularly likely to
increase their land devoted to these varieties. These �ndings have important
implications for agricultural policy and industry in Europe and elsewhere,
facilitating the expected plantation increase using a policy mix tailored to
farmer- and farm-level characteristics.
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2.1 introduction

Wine grapes are one of the most economically relevant crops in many Euro-
pean countries in terms of gross production value (FAO, 2022).1 Viticulture
also ranks among the most pesticide intensive agricultural sectors (Mon-
taigne et al., 2016; Pertot et al., 2017), negatively affecting human health
and the environment (e.g. Baldi et al., 2006; Komárek et al., 2010). Thus,
pesticide use and risk reductions are at the top of agricultural policy agen-
das. For instance, the European Unions' Farm-to-Fork strategy mandates a
reduction in the overall use and risk of chemical and hazardous pesticides
by 50% by 2030(Schebesta et al.,2020).

The production of wine grapes could thus play a key entry point in reduc-
ing pesticide use risks. The vast majority of pesticides used in vineyards are
fungicides sprayed against fungal pathogens (de Baan, 2020; Pertot et al.,
2017). For example, on average12-15 treatments are required per season
(peaking at 25-30 treatments in severe conditions) (Pertot et al., 2017). As a
result, grapevine is the most pesticide-intensive crop in European agricul-
ture, with fungicide applications in vineyards representing 26% and 27%
from total pesticide use in the European Union and Switzerland (de Baan,
2020; Muthmann et al., 2007). Moreover, fungal pest pressure is expected to
increase substantially in the future in European viticulture due to changing
environmental conditions (Bregaglio et al., 2013; Salinari et al., 2006).

The biggest leverage to reduce fungicide use is switching to fungus-
resistant varieties which allow fungicide use to be reduced massively (by
around 80%) without depleting yield or quality of production (Poni et al.,
2017; Viret et al., 2019). However, the use of these varieties remains globally
still limited (Finger, Zachmann, et al., 2023). Integrating new varieties is a
long-term process, as grapevine re-planting only takes place every 25-35
years (Carbone et al.,2019). Thus, growers' intention for the future use of
fungus-resistant varieties is very relevant for policy and industry. However,
to what extent grapevine growers intend to switch to fungus-resistant
varieties and what differences across farms explain these intentions remains
unknown.

In this paper, we investigate grapevine growers' expected future use
of fungus-resistant varieties and the main predictors behind these future
developments. We test and quantify the relevance of a large list of farmer-
and farm characteristics as well as regional factors that may in�uence

1 Grapevine production in Europe represents more than 50% of global viticultural land (Interna-
tional Organisation of Vine and Wine, 2022).
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growers' expected change in land devoted to fungus-resistant varieties
in 10 years compared to current land under cultivation. Using a supply
response framework which examines predictors of 436grapevine growers in
Switzerland regarding their intentions of planting fungus-resistant varieties,
we especially account for barriers and determinants relevant for the future
adoption.

Previous research highlighted the problem of global pesticide pollution
from agricultural activities (e.g. Stehle et al., 2015; Tang et al., 2021). More-
over, studies have documented societal demand and political pressures to
reduce pesticide use in European agriculture (e.g. Finger, 2021; Möhring,
Ingold, et al., 2020). This societal and political push to reduce pesticide risk
was also documented for viticulture speci�cally (e.g. Montaigne et al., 2016;
Schäufele et al.,2017). Research on fungus-resistant varieties has mainly
focused on consumer demand and concludes that there is generally accep-
tance among consumers for wines made from fungus-resistant varieties
(e.g. Borrello et al., 2021; Fuentes Espinoza et al.,2018; Nesselhauf et al.,
2019; Van Der Meer et al., 2010; Vecchio et al., 2022). While the demand for
speci�c wines can change rapidly, supply responses by producers typically
lag behind (Consoli et al., 2021; Cuellar et al., 2009). Thus, also growers'
decisions are of key relevance.

Yet, only two studies investigate the adoption decision from the pro-
ducer side. Finger, Zachmann, et al. (2023) study the currently observed
early-stage adoption of fungus-resistant varieties focusing on the relevance
of the supply chain. They �nd that the closer the producer is to the �nal
consumer of wine, the more likely the producer grows fungus-resistant
varieties. Zachmann et al. (2023c) study whether nudging grapevine grow-
ers with personalized information about their use of environmentally toxic
fungicides induces changes in planting intentions of fungus-resistant vari-
eties. The low level of knowledge that exists about the adoption decision of
these varieties and especially on the future adoption intentions by produc-
ers represents increasingly the bottleneck in the transition towards more
sustainable viticulture and especially pesticide use reductions, which is
particularly pressing since viticultural supply is a slow-moving process
(Masson et al., 2021).

We contribute to this knowledge gap by shedding light on grapevine
growers' intentions about the future adoption dynamics of fungus-resistant
varieties. Moreover, we investigate the importance of explanatory groups
of factors such as farmer- and farm characteristics, growers' perceptions,
preferences, and personality traits as well as regional characteristics for
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the expected change in land devoted to these varieties. Speci�cally, we
investigate from a large list of potential determinants, thus considering
the 'big picture', which factors drive the adoption dynamics. We focus on
the expected change between the share of land devoted to fungus-resistant
varieties in 10 years and the current plantation share. Given the dif�culty in
forecasting into the distant future, a 10-year horizon is reasonable to account
for the typical 25-35 year cycle of vineyard replanting as well as accounting
for bounded human prediction capabilities (e.g. Simon, 1990). Importantly,
we use the expected value from a triangular distribution around the elicited
share in 10 years, and as such account for uncertainties inherent in the
long-term expectations (Hardaker et al., 2015).

Our results suggest that Swiss grapevine growers expect to substantially
increase their share of land devoted to fungus-resistant varieties within the
next 10 years. Speci�cally, we �nd that about one third of new plantings in
the next decade will be fungus-resistant. As a result, the expected farm level
share (unweighted average) of land devoted to fungus-resistant varieties in
10 years is 27.4% (compared to 10.2% in 2022) thus increasing by 169%. We
show that farmer- and farm characteristics explain most of the variability
in the change of land devoted to fungus-resistant varieties in 10 years
and today. Especially farms with a higher replantation rate in the next 10
years (e.g. those with older grapevines) expect to increase their share of
land devoted to fungus-resistant varieties. Moreover, grapevine growers
who perceive fungus-resistant varieties to be superior for human health of
the farmers and communities surrounding farms compared to traditional
varieties indicate to increase their land share. Furthermore, non-organic
grapevine growers indicate a substantial increase in their share of land
devoted to fungus-resistant varieties, contrary to organic grapevine growers
who are mainly early-adopters. Given the expected substantial increase
of the land devoted to fungus-resistant varieties, agricultural policy can
facilitate the transition by ensuring the availability of required information
and resources. This land expansion leads, ceteris paribus, to a massive
reduction in pesticide treatments in Swiss vineyards.

In the remainder of this paper, we present background on viticulture
and pesticide use including the role of fungus-resistant varieties and our
case study in section 2.2. Then, we present the conceptual framework,
empirical strategy and data used in section 2.3. Section 2.4 follows with
results and their discussion. Finally, section 2.5 concludes and provides
policy implications.
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2.2 background

2.2.1 Viticulture and pesticides

The production of wine grapes is of great economic importance in several
countries (Appendix A). For example, in Chile, France, Spain, and Switzer-
land, grapes account for the largest share of gross production value from
all crops, with a share between 17.3% and 39.9% (FAO, 2022). Vitis vinifera
(European) varieties are the most important species for wine making, ac-
counting for about 94% of land under grapevines globally (Bavaresco, 2019).
However, due to their high susceptibility to fungal infestations, fungicides
are intensively sprayed for Vitis vinifera varieties (Bavaresco,2019). Viti-
culture ranks thus also among the most pesticide intensive crops globally
(Maggi et al., 2019; Masson et al.,2021; Tang et al., 2021). In Switzerland,
vineyards are responsible for 58% of all fungicide treatments and 27% of
total pesticides in Swiss agriculture at large (de Baan, 2020).

Viticulture is thus a key sector to reduce pesticides. This applies for all
production systems, including organic production. 2 This is particularly
relevant because copper-based plant-protection products, which are widely
used especially in organic viticulture, have been shown to be harmful to the
environment (Komárek et al., 2010; Mackie et al., 2012).3 Copper usage has
therefore been increasingly restricted by European agricultural authorities
over the last years with the aim of a total phasing out in the near future
(Bundesrat, 2017; European Commission, 2009).

2.2.2 Fungus-resistant varieties

The single most effective and ef�cient strategy to reduce pesticide use in
viticulture, including copper-based products, is the plantation of fungus-
resistant varieties. Numerous studies across Europe report fungicide use
reductions from using fungus-resistant varieties on average by around 80%
(Appendix B). Fungus-resistant varieties result from cross-breeding Vitis
vinifera species and wild grapes such asVitis labruscaor Vitis rupestris (Asian
or American grapevines) that have been exposed to fungal pressure and
thus developed natural defense mechanisms. Private and public breeding
initiatives have attempted to insert resistance genes from American or

2 We de�ne organic producers as those who grow grapevines with organic or bio-dynamic
methods. Conventional are all non-organic producers.

3 Vineyards account for the highest copper concentrations in European topsoils Ballabio et al.
(2018).
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Asian varieties into European varieties to shift towards a disease prevention
approach for crop protection (Villano et al., 2020).

While �rst generation hybrids have not proven successful for their wine
quality, due to advancements in breeding methods current fungus-resistant
varieties carry both resistance genes and a high degree ofVitis vinifera genes,
resulting in varieties that are well-accepted by consumers (e.g. Pedneault
et al., 2016; Van Der Meer et al., 2010; Vecchio et al., 2022).

While many wine regions globally feature bene�cial climatic conditions
for fungal disease development (e.g. Naqvi, 2004), the adoption of fungus-
resistant varieties remains low. For example, the land share devoted to
fungus-resistant varieties ranges between 1% and 3% in countries like
Switzerland, Austria, Germany, and France (Finger, Zachmann, et al., 2023).4

Fungus-resistant varieties offer major bene�ts to grapevine growers (Per-
tot et al., 2017; Villano et al., 2020). For example, economic bene�ts from
reduced fungicide applications (e.g. less product costs, labor, fuel, etc.) and
environmental advantages due to enhanced biodiversity resulting from
fewer adverse effects on �ora and fauna from spraying. 5 Soil becomes less
compact due to fewer spraying cycles and less accumulation of pesticide
metabolites occurs, particularly from copper-based products. Growers may
also reduce the risk of losses from diseases due to increased resistance
of the varieties to pathogens. Disadvantages of fungus-resistant varieties
mainly stem from uncertainties relating to long-term resistance, agronomy,
vini�cation and marketing (Montaigne et al., 2016; Pedneault et al., 2016;
Pertot et al., 2017).

2.2.3 Switzerland: The ideal case study

In Switzerland, the share of land under fungus-resistant varieties from total
land under grapevines remains low, it was 2.8% in 2021(Bundesamt für
Landwirtschaft, 2022a).6 The adoption intensity, however, differs across the
6 different Swiss wine regions (see Figure 2.1). Adoption rates are higher in
the Deutschschweiz (German-speaking part of Switzerland), Geneva and
the Trois lacs (Three Lakes) region, and lower in Ticino, Valais and Vaud
(Finger, Zachmann, et al., 2023).

4 These are calculated as total land under fungus-resistant varieties divided by total land under
grapevines.

5 For instance, Fuller et al. (2014) estimate cost savings due to using fungus-resistant grapevines
of $48 million per year in California.

6 The uptake of fungus-resistant varieties is also low in other countries (e.g. Finger, Zachmann,
et al., 2023).
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Switzerland is subject to a temperate and humid climate, with varying
degrees, and thus there is high fungal pressure across the country which
will likely increase due to changing climates (Bregaglio et al., 2013; Salinari
et al., 2006). Switzerland has a competitive wine market in which a major
supermarket in cooperation with large wineries has recently begun labeling
their wines as low in pesticides (Finger, 2021). Moreover, agricultural policy
as well as society envision sharp pesticide risk reductions in the near future,
making Switzerland the ideal case study to investigate adoption dynamics
of fungus-resistant varieties (Finger, 2021).

2.3 material and methods

2.3.1 Conceptual model

The plantation decisions for perennial crops like grapevines are character-
ized by taking longer between initial planting and �rst harvest which is
followed by an extended period of regular output at an eventually declin-
ing rate (French et al., 1971). Modelling perennial crops must thus take
long-term time and risk aspects into account. 7

We assume grapevine growers adjust acreage for fungus-resistant vari-
eties by considering changes in (expected) utility over time (now and in the
future) and across variety types (traditional and fungus-resistant varieties). 8

Grapevine planting does not necessarily happen from one year to another,
expected future utility from fungus-resistant varieties is thus conditional
on the desired long-term land share the grower wishes to devote to these
varieties. The change in the share of land devoted to fungus-resistant vari-
eties that is the desired minus the current (or last period) land share is thus
given by comparing (discounted) utility differences of the alternatives over
time (Fernandez-Cornejo, 1998). Expected utility is a function of expected
prices and costs, which de�ne pro�ts, and other features of fungus-resistant
varieties that reward (dis)utility to the grower. Expected utility differentials
and thus decisions across farms are driven by farmer- and farm character-
istics, regional factors as well as perceptions, preferences, and personality
traits of grapevine growers.

7 Our conceptual framework is inspired by French et al. ( 1971) and is adapted to grapevine
growing. We extend their framework by considering utility (instead of pro�t) maximization
(e.g. Weersink et al.,2020) as well as a farm-level (instead of an aggregative) perspective. To
our knowledge, only a few studies look at supply responses in grapevines (e.g. Consoli et al.,
2021).

8 Refer to online Supplementary Material A for a detailed description of the modelling.
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Farmer- and farm characteristics such as the degree of specialization, the
size of the farm, structural factors such as the share of old grapevines, the
production system, marketing channels and labelling as well as grapevine
growers' education and (self-assessed) knowledge about fungus-resistant
varieties may all determine pro�ts and costs including switching and adjust-
ment costs (Gardebroek et al.,2004). Grapevine growers' risk preferences
are crucial to explain economic decisions and especially time preferences
are relevant to compare long-term utility levels across time (Falk et al., 2018;
Iyer et al., 2020). Moreover, grapevine growers' perceptions about fungus-
resistant varieties such as environmental and health bene�ts or marketing
dif�culties as well as the perceived willingness to pay from consumers
may reward (dis)utility to grapevine growers (Finger and Möhring, 2022;
Piñeiro et al., 2020; Weersink et al., 2020). Additionally, personality traits
such as growers' ambition, locus of control and self-ef�cacy may matter for
the adoption of preventive measures against pests (Knapp, Wuepper, and
Finger, 2021). Last, regional factors such as pest pressure or tradition may
explain utility differentials across varieties and time.

2.3.2 Econometric strategy

Empirically, expected utility differentials remain unobserved, thus we es-
timate the following linear model with Ordinary Least Squares (OLS)
including farmer- and farm characteristics, grapevine growers' perceptions,
preferences, and personality traits as well as regional factors as explanatory
variables:

DShare of land under FRGi = a+ gFarmer-and farm characteristicsi +

dRegional factorsi +

qPerceptions and preferencesi +

r Personality Traits i + #i

(2.1)

DShare of land under FRGi is the difference in the expected share of land
devoted to fungus-resistant varieties in 10 years and the current share.9 We
calculate the expected share as the mean from a triangular distribution fol-
lowing Hardaker et al. ( 2015).10 As such, we capture uncertainties inherent

9 The use of stated intentions is common in the literature and in the majority of cases reveal
true ex post behavior (e.g. Sok et al.,2021).

10 We calculate the expected share as the mean value from the minimum, most likely and
maximum shares growers foresee to have planted in 10 years as in Hardaker et al. (2015).
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in the long-term prediction. #i is the error-term that we cluster at the wine
region level which are important decision-making units in viticulture, using
a wild bootstrap approach due to the small number of clusters (Wooldridge,
2003).

To assess sensitivity and mechanisms of our results, we conduct several
further analyses. First, since our model contains many explanatory variables
and thus potentially suffers from multicollinearity, we �rst test for correlated
variables using variance in�ations factors. Thereafter, we re-run model 2.1
using sub-groups of the explanatory variables. Moreover, we run model 2.1
using LASSO regression allowing us to identify insigni�cant or unimportant
variables from the large list of explanatory factors (Tibshirani, 1996). Second,
we regress model 2.1 separately for the current and expected adoption
shares. As such we aim to describe current adopters as well as expected
future adopters independent of each other. Third, since the expected share is
a projection into the future, and as such subject to uncertainty, we investigate
the variance of the expected land share distribution under fungus-resistant
varieties in 10 years. This provides insight into the (un)certainty around the
predictions across growers in our sample.

2.3.3 Data

We use representative survey data from 436grapevine growers in Switzer-
land (see Zachmann et al.,2023a). Figure 2.1 reports the scope of the data
collection which was done in the three main of�cial Swiss languages and
includes responses from grapevine growers in all wine regions. Data col-
lection focused speci�cally on barriers and determinants that in�uence the
adoption of fungus-resistant varieties, including detailed farmer- and farm
characteristics, perceptions, preferences, as well as personality traits of the
grapevine growers.

In the survey, grapevine growers were asked which varieties they grow
and how much land they allocate to each variety allowing the calculation of
the current share of land devoted to fungus-resistant varieties. Grapevine
growers were also asked what share of land they will allocate to fungus-
resistant varieties in 10 years using a triangular distribution where they
state the most likely, minimum, and maximum shares (Hardaker et al.,
2015). An important aspect is the expected replantation rate, thus what
share of their land growers intend to replant within the next 10 years was
elicited. We drop 75 (17.2%) grapevine growers from the sample that report
no replanting of their vineyard in the next 10 years. For those farms, the
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Figure 2 .1: Sample overview (N= 436) by wine region (N= 6) and language (N=3)

Note: Every scatter represents a farm that is randomly positioned within the municipality
to maintain the farms' anonymity. The survey was conducted in all 6 wine growing regions
in Switzerland. Participants could choose their preferred language (German, Italian,
French). Therefore, the sample also contains languages not �tting to the region, e.g. Italian
responses in German speaking part of Switzerland and vice versa.

structural composition of the vineyards will not change and are thus not
focus of our analysis.

Refer to Table 2.1 for a description of the included variables in our model
and to Zachmann et al. (2023a) for detailed information on data collection.
Table 2.1 also reports the coding of the variables and the expected effects.11

11 Refer to online Supplementary Material B for the derivation of the expected effects and sources.
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Variable name Description Coding
Expected
effect Sources
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m
er

-
an

d
fa

rm
ch

ar
ac

te
ris

tic
s

Labour Standardized labour requirements
for vineyard

Standardized
labour units
(numeric)

+ Fernandez-Cornejo (1998)

Age Age (in years) Years (integer) +/ 0/- Polson et al. ( 1991)

Female The gender of the grapevine
grower

Female:1/Male: 0
(binary)

+/ 0/- Rola-Rubzen et al. ( 2020)

Farm size The size of the farm (in are) Are (numeric) + Fernandez-Cornejo (1998)

Farming
specialization

Majority of income is from
farming (> 51%)

Yes:1/No: 0 (binary)

+

Frick et al. (2021)

Viticulture
specialization

Majority of income is from
viticulture (> 51%)

+

Geographical
denomination label

Farmer produces and markets
their wine under AOC/DOC
geographical denomination

+ Zachmann et al. (2022)

Organic label Farmer sells wine under organic
label

+/ 0/-

Pedneault et al. (2016)Bio-dynamic label Farmer sells wine under
bio-dynamic label

+/ 0/-

Integrated
production label

Farmer sells wine under
integrated production label

+

Direct marketing Farmer is specialized in direct
marketing (share of sales that go
directly to consumers is larger
than 50%)

+/ 0/- Finger, Zachmann, et al.
(2023)

Further education Farmer has further education in
plant protection

+/ 0/- Foster et al. ( 2010)

Knowledge about
fungus-resistant
grapevines

Self-assessed knowledge about
fungus-resistant grapevines (FRG)

0 (= nothing) to 5
(= very
knowledgeable)
(integer)

+/ 0/- Fernandez-Cornejo et al.
(2007) and Morris et al. ( 2017)

Replantation rate Replantation rate in next 10 years % (numeric) + Carbone et al. (2019)

Farm successor Does the farmer have a successor
for the farm?

Yes or rather yes:
1/else: 0 (binary)

+/ 0/- Inwood et al. ( 2012)

R
eg

io
na

lc
ha

ra
ct

er
is

tic
s

Peronospora viticola
infection risk

Average peronospora viticola
infection risk index between 2012
and 2021from the nearest
weather station

1: no infection risk;
2: medium
infection risk; 3:
high infection risk
(numeric)

+

Finger, Zachmann, et al. (2023);

Knapp, Bravin, et al. (2019);

Masset et al. (2019);

Dubuis, Bloesch, et al. (2014)

Oidium infection
risk

Average oidium infection risk
index between 2012and 2021
from the nearest weather station

0 (no infection
risk) to 100% (high
infection risk)
(numeric)

+

Wine region Dummy variable identifying wine
regions (Deutschschweiz, Valais,
Ticino, Vaud, Geneva, and the
Three Lakes Region)

Factor +/ 0/-

F
ar

m
er

pe
rc

ep
tio

ns

Fungal damage Fungal Infections have the biggest
negative impact on the grapevine
yield (i.e. quality and quantity) Yes:1/No: 0 (binary)

+

Banned copper Whether the farmer thinks copper
will be a banned substance in
Swiss viticulture in 10 years

+

FRG have a positive
impact on the
human health of
farmers and
communities
surrounding farms

FRG have a positive impact on the
human health of farmers and
communities surrounding farms

How strongly does

the farmer agree

or disagree with

the following statements

on the left:
strongly disagree (1),

disagree (2),

neutral (3),

agree (4),

strongly agree (5)

(integer)

+

Finger and Möhring ( 2022);

Dessart et al. (2019);

Toma et al. (2007);

Becker (2013)

FRG varieties are
better for the
environment

FRG varieties are better for the
environment

+
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Variable name Description Coding
Expected
effect Sources

FRG wine use will
increase in the future

FRG wine use will increase in the
future

+

Wine from FRG is
dif�cult to market

Wine from FRG is dif�cult to
market

0/-

Consumers are
willing to pay less
for wine from FRG

Consumers are willing to pay less
for wine from FRG

0/-

Wine from FRG is of
lower quality than
traditional varieties

Wine from FRG is of lower quality
than traditional varieties

0/-

F
ar

m
er

pr
ef

er
en

ce
s

Time preferences How willing is the farmer to give
up income that is bene�cial for
them today to bene�t more from
that in the future

0 (= not willing)

to
10 (= very willing)

(integer)

+ Mao et al. (2021); Falk et al.
(2018)

Production risk
preferences

Is the farmer willing to take risks
or tries to mitigate risks in
production

-

Dohmen et al. (2011);

Weber et al. (2002);

Rommel et al. (2019)

Market risk
preferences

Is the farmer willing to take risks
or tries to mitigate risks with
respect to market and prices

+

Plant protection risk
preference

Is the farmer willing to take risks
or tries to mitigate risks with
respect to plant protection

-

F
ar

m
er

pe
rs

on
al

ity
tr

ai
ts Self-ef�cacy I am con�dent that I can

accomplish my production goals
at the end of the harvest

strongly disagree (1),

disagree (2),

neutral (3),

agree (4),

strongly agree (5)

(integer)

+

Abay et al. (2017);

Knapp, Wuepper, and Finger ( 2021);

Wuepper and Lybbert ( 2017)

Locus of control How successful my grape/wine
production is, depends mostly on
my skills as a farmer

+

Ambition I usually set myself quite
ambitious production goals

+/ 0/-

Table 2 .1: Description of variables

Note: The focus here is on technology adoption, since improved varieties such as fungus-

resistant grapevines are considered new technologies in the literature (e.g. Doss,2006; Shiferaw

et al., 2014). For the expected effect, + refers to an expected increase, - to a decrease, and0

stands for no change in the expected change of the share of land devoted to fungus-resistant

varieties. Refer to online Supplementary Material B for the derivation of the expected effects

and sources.

2.4 results

2.4.1 Descriptive results

At the time of the survey in 2022, 40.1% of the grapevine growers in the
sample had at least one fungus-resistant variety cultivated. This is an
increase by around 100% compared to 2016-2018(Finger, Zachmann, et al.,
2023). However, the unweighted average of the farm-level shares of land that
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is devoted to fungus-resistant varieties is still low, at 10.2%. This represents
an increase of42% from 7.2% in 2016-2018.12 The expected farm-level share
of land devoted to fungus-resistant varieties in 10 years as stated by survey
participants is 27.4%, thus increasing by 169%.

Figure 2.2 shows the change in percentage points (pp) between the
expected share of land devoted to fungus-resistant varieties in 10 years and
the current shares per farm and wine region. Although a few grapevine
growers in the German-speaking part of Switzerland and Ticino report
to decrease their land devoted to fungus-resistant varieties (N= 22 out of
436), the large majority expects an increase in the plantation intensity of
fungus-resistant varieties. The change is largest in Ticino (on average 24pp),
the Trois lacs region (19pp) and the German-speaking part of Switzerland
(17pp), and lower in Vaud ( 16pp), Valais (13pp) and Geneva (12pp).13

Figure 2 .2: Change in expected land share devoted to fungus-resistant varieties
per farm and region (percentage points)

Note: Every dot represents a farm. The horizontal black lines and corresponding numbers
represent mean values per wine region.

12 Note that here we report the average of the individual shares of land devoted to fungus-
resistant varieties, while 2.8% is the total land under fungus-resistant varieties in relation to
total land under grapevines.

13 We show in Appendix H the relationship between the current land under fungus-resistant
varieties as well as the future expected land and their change with local pest pressure. Farms
that are subject to higher pest pressure from both Oidium and Peronosporadevote more land to
fungus-resistant varieties and expected to devote more land to these varieties in 10 years.
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2.4.2 Regression results

Figure 2.3 reports coef�cient estimates and 99%/ 95% con�dence intervals
from Model 2.1. Coef�cient estimates are vertically ordered from farmer-
and farm characteristics to perceptions, personality traits, preferences, and
regional characteristics.

Figure 2 .3: Coef�cient plots and 99%/ 95% con�dence intervals from Model 2.1

Note: The �gure shows coef�cient plots from Model 2.1. Standard errors are clustered at
the wine region level using a wild bootstrap approach (Wooldridge, 2003). Signi�cant
estimates at the5% level are highlighted with the shown estimate. 99% (95%) con�dence
intervals are shown in black (grey). We drop Oidium and Peronospora viticolainfection risk
indices from the regression because they correlate with the wine region dummies. N = 348
(13 observations are dropped due to missing values). Appendix C reports complete
regression output.
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Figure 2.3 shows that the expected replantation rate has a large positive
effect on the expected future change of fungus-resistant varieties. A 1pp
increase in the replantation rate is associated with a 0.32pp increase in the
land devoted to fungus-resistant varieties. 14 Moreover, grapevine growers
who produce under integrated production expect to increase their share
under fungus-resistant varieties by 6.3pp compared to the baseline (i.e. con-
ventional grapevine growers excluding integrated production). 15 Contrary,
organic producers expect to decrease their share under fungus-resistant
varieties by 4.9pp compared to the baseline. Generally, we �nd that con-
ventional grapevine growers (i.e. non-organic growers) expect to increase
their land devoted to fungus-resistant grapevine varieties more compared
to organic producers (Appendix F). Furthermore, we �nd that grapevine
growers who perceive fungus-resistant varieties to be advantageous for
human health of farmers and communities surrounding farms (compared
to traditional varieties) indicate to increase their share. More speci�cally, a
grapevine grower with the strongest agreement that fungus-resistant vari-
eties have a positive impact on human health indicates to increase the land
under fungus-resistant varieties by 10pp more compared to a grapevine
grower with strongest disagreement ( 5 vs. 1 on the Likert scale).

Overall, we �nd that farm- and farmer characteristics and as such struc-
tural factors explain most of the change between the future expected share
of land devoted to fungus-resistant varieties and the current share as shown
in Figure 2.4. The �gure reports the adjusted R-squared, i.e. coef�cients of
determination of models only including the variables of each group.

2.4.3 Robustness checks

Our results remain robust to several tests and further analyses. First, vari-
ance in�ation factors con�rm that there is little concern for multicollinearity
among the variables (Appendix D). However, grapevine growers' time
preferences and risk preferences play a role when separately included
into Model 2.1 (together with uncorrelated control variables). Speci�cally,
growers who are more willing to give up something today to bene�t more
from it in the future and are more willing to take risks in the marketing

14 Note that the effect sizes discussed in this section are based on correlational analysis, hence
do not imply causation.

15 The baseline is grapevine growers who produce under the Proof of Ecological Performance
Record ('Ökologischer Leistungsnachweis ÖLN') which is the minimal regulation to be
eligible to receive direct payments and 97% produce under this standard or under no speci�c
production system (i.e. are not eligible for direct payments).
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Figure 2 .4: Relevance of groups on the uptake dynamics of fungus-resistant
varieties

Note: The �gure shows adjusted R-squared statistics from Model 2.1 when regressing only
variables in the respective groups (e.g. farmer- and farm characteristics, perceptions, etc.)
on the expected change of the land share devoted to fungus-resistant varieties. Refer to
Appendix C for details, also on the number of included observations.

and production domain indicated to increase the share of land devoted
to fungus-resistant varieties. Moreover, a LASSO regression shows that
the main variables under discussion are also selected with this mechanical
approach, yielding similar levels and directions of the effects.

Second, regressions on the current and expected plantation intensities,
reveal patterns that are in line with existing studies (Appendix E). For in-
stance, current adopters cultivate their grapes mainly with organic methods
and market their wines directly to consumers (Finger, Zachmann, et al.,
2023). Additionally, grapevine growers with high self-assessed knowledge
regarding fungus-resistant varieties use more of these varieties as well
as those who perceive that fungus-resistant varieties are better for the
environment compared to traditional varieties. Contrarily, growers who
perceive fungus-resistant varieties to be better for the health of farmers
and surrounding communities currently have less land devoted to these
varieties.

Third, we indicate that grapevine growers are certain about the projection
of their expected land share under fungus-resistant varieties in 10 years
(Appendix G).
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2.4.4 Discussion

Our results show that over the next 10 years, approximately 4'876 ha of
land in Switzerland will be newly planted with grapevines, with 1'560
ha devoted to fungus-resistant varieties. 16 The expected share of land
devoted to fungus-resistant varieties in 10-years' time is 27.4%. Ceteris
paribus, this means that the number of pesticide treatments in vineyards
will be reduced massively, at least by around 32'000treatments per year (see
online Supplementary Material C). This implies major economic savings at
the farm level as well as reduced impacts on the environment. Moreover, it
aligns with recent societal demand and policy goals to reduce pesticide use
(Finger, 2021).

Furthermore, our results suggest that current (early adopters) are mainly
farms producing under organic standards. However, we also �nd that im-
portant future adopters will be conventional, i.e. non-organic, growers. This
is in line with existing literature suggesting that fungus-resistant varieties
are one important instrument in integrated pest management, yet not a
stand-alone solution (e.g. Pertot et al., 2017). Moreover, a large supermarket
chain which is a major player in the Swiss wine market and an organization
of integrated producers in Switzerland recently established a sustainable
wine label with a focus on reducing pesticide use. Using fungus resistant
varieties is one of the strategies growers can use to achieve these reduc-
tions and produce under the new label. Such industry collaborations and
the according price markups for growers may be crucial for the adoption
dynamics of fungus-resistant varieties.

2.5 conclusion

Fungus-resistant grapevines offer a unique opportunity to reduce pesticide
use in agriculture and thus meet pesticide risk reduction targets. Using
a sample of 436Swiss grapevine growers, we investigate future adoption
dynamics of fungus-resistant varieties and how these are in�uenced by
a wide range of factors. Our results suggest that grapevine growers in
Switzerland expect to devote a large share of their new plantings over the
next decade to these varieties. Speci�cally, we �nd that one third of new
plantings in the next decade will be fungus-resistant varieties. As a result,
the expected share of land devoted to fungus-resistant varieties in 10 years

16 This is assuming a constant yearly stock of land under grapevines of 14'629ha and an annual
re-plantation rate of 3.3%.
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is 27.4% (compared to 10.2% in 2022) thus increasing by 169%. Farmer- and
farm characteristics explain most of the variability in the future expected
adoption dynamics, followed by growers' perceptions, preferences, regional
characteristics, and personality traits.

Our results have important public and industry policy conclusions.
Fungus-resistant varieties will become more relevant in the near future.
Grapevine growers see a large growth in land devoted to fungus-resistant
varieties which would have massive implications for pesticide use in Swiss
agriculture. Policy shall pick-up this opportunity and support this pro-
cess further, tailoring a mix of policy instruments to farmer- and farm
characteristics.

First, in competitive wine markets, niche products like low-pesticide wine
may be attractive to grapevine growers looking to differentiate (Masset et
al., 2019). Labeling low- or no-pesticide wine could thus encourage the
adoption of fungus-resistant varieties.

Second, partnerships between grapevine growers (associations) and indus-
try organizations like retailers and cooperatives could reach more growers
and consumers and help reduce the risks and costs for grapevine growers in
adopting fungus-resistant varieties, thus helping to timely and thoroughly
reduce pesticide use and risks across the sector (e.g. Möhring and Finger,
2022).

Third, since our results predict a substantial increase of the land de-
voted to fungus-resistant varieties, agricultural policy can help facilitate
the exchange of experience between grapevine growers regarding fungus-
resistant varieties as well as ensuring availability of suf�cient planting
material. Given the currently low intensity of cultivation and the associated
low level of experience with these varieties (e.g. regarding pesticide treat-
ments, agronomy, vini�cation, availability, marketing), sharing knowledge,
and conducting demonstration plots, trials, and evaluations on local farms
or at research stations may help increase self-ef�cacy about fungus-resistant
varieties which positively in�uences future adoption in our sample. Our
results give support for speci�c targeting of action towards some producers
that are less likely to adopt fungus-resistant varieties, and/or regions where
adoption is needed (e.g. due to pollution problems).

Varietal adaptations are lengthy processes, so it is important to focus on
long-term expectations. However, this presents a challenge because due to
relying on hypothetical predictions rather than actual planting decisions.
However, the use of intentions is common in the literature, since it is one of
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the few options for expectation elicitations, and in most cases re�ects actual
ex post behavior.

Future research could study determinants of adoption dynamics of
grapevine growers in different contexts and use novel methods. Specif-
ically, investigating causal mechanisms relevant for the adoption of fungus-
resistant varieties is of great value for understanding factors in�uencing
grapevine growers' decision making towards low-pesticide practices.

2.6 appendix

Seehttps://polybox.ethz.ch/index.php/s/6uY6RkpPR2aGjYb for appendix
and https://polybox.ethz.ch/index.php/s/mA5PiGzXtjoe7R8 for supple-
mentary material of this chapter.
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P R A C T I C E S : E V I D E N C E F R O M A R A N D O M I Z E D
E X P E R I M E N T I N V I T I C U LT U R E

Planting fungus-resistant grapevines is an effective way to reduce pesticide
use in grapevine production, but their uptake remains low. We explore
whether providing personalized or general information on growers' use
of environmentally toxic fungicides changes their planting intentions of
fungus-resistant varieties (i.e. salience nudging), conducting a randomized
experiment with 436grapevine growers in Switzerland. We �nd no effect of
providing personalized or general information on the intended plantation
share of fungus-resistant varieties. However, exploratory analyses suggest
that growers' perceptions about fungus-resistant varieties may cause the
null result, with growers having non-compliant environmental perceptions
being particularly prone to boomerang effects.

Keywords: Pesticides, Fungus-resistant grapevines, Personalized informa-
tion, Sustainable agriculture
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3.1 introduction

Pest management is crucial for food security and enhancing agricultural
productivity (Popp et al., 2013; Savary et al.,2019). Yet, pesticide use as the
currently dominant pest management instrument has adverse effects on
the environment and human health (Baldi et al., 2006; Geiger et al., 2010;
Gunstone et al., 2021; Kim et al., 2017; Nicolopoulou-Stamati et al., 2016;
Stehle et al.,2015). The resulting tradeoffs between agricultural productivity
in the context of growing populations and environmental sustainability
depict one of the most pressing challenges of the century (Foley et al.,
2011; Lechenet, Dessaint, et al.,2017). As a result, reducing risks for human
health and the environment from pesticide use while maintaining effective
pest management and crop production is at the top of the agricultural
policy agendas worldwide (Möhring, Ingold, et al., 2020). For example, the
Kunming-Montreal Global Biodiversity Framework and the EU's Farm-To-
Fork Strategy aim at a 50% reduction of pesticide use and risks by 2030
(Schebesta et al.,2020). A major entry point is the reduction of pesticide use
in viticulture, which is globally one of the most intensively treated crops
(Masson et al.,2021). While alternative low pesticide viticultural production
systems using fungus-resistant varieties are available, farmers uptake is still
limited.

In this paper, we test if providing farmers with personalized information
about their environmental impacts of pesticide use (i.e. salience nudging)
can trigger uptake intentions of sustainable agricultural production prac-
tices. We investigate this question in a pre-registered and randomized �eld
experiment with 436grapevine growers across Switzerland. We test whether
providing personalized information about the environmental toxicity of
the fungicides used changes farmers intentions to plant fungus-resistant
grapevine varieties. We target the adoption of fungus-resistant grapevine va-
rieties for wine making because they represent the most effective strategy to
reduce pesticide use in vineyards, as they require signi�cantly fewer fungi-
cide treatments, without affecting the quantity and quality of production
(Viret et al., 2019).1

While a rich body of literature investigates factors that affect farmers'
decisions to use more sustainable farming practices in agriculture overall
(see Dessart et al.,2019, for a review of behavioral factors), and discussions
on the potential role of information treatment and nudges for agricultural

1 We focus on grapes for wine making as table grapes are usually not produced within Switzer-
land, ca. 99% are imported (BioAktuell, 2017).
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policy have been initiated recently (e.g. Colen et al., 2016), more evidence
especially from information treatment experiments on the uptake of sus-
tainable farming practices is needed to tailor policy designs (Lefebvre et
al., 2021). While salience nudging has been frequently used in consumer
contexts (e.g. Becchetti et al.,2020; Edenbrandt et al., 2021; Lin et al., 2022),
studies on farmer behavior remain scarce (Peth and Musshoff, 2020). Some
information treatment experiments have been undertaken in an agricultural
context related to fertilizer use (Arouna et al., 2021; Peth, Musshoff, et al.,
2018; Tjernström et al., 2021), however only a few studies focus on pesticide
use (e.g. Brown, 2018; Buchholz et al., 2021).

Moreover, previous results from information interventions to farmers are
ambiguous but many cannot detect effects.2 One reason for this could be
that people do not feel addressed when the information is non-personalized
(Arouna et al., 2021). One way to address this is to provide personalized
information, however very few studies have used this approach. For exam-
ple, Arouna et al. ( 2021) found that providing personalized information
about local growing conditions, production costs and market information
increased yields without increasing overall quantity of fertilizer used in
Nigeria. Similarly, Tjernström et al. ( 2021) found that a simulation game
that provided farmers with simulated and personalized fertilizer returns in
Kenya updated both farmers' beliefs about fertilizer use and actual behavior.
In contrast, providing French farmers with a personalized nudge about their
water use that compared their behavior with other farmers resulted in an
increase of water use for farmers who previously used none (Chabé-Ferret
et al., 2019). Peth and Musshoff (2020) also used social comparison nudging
in the context of compliance with water protection rules. Regarding pesti-
cide use, Kuhfuss, Préget, et al. (2016) show that a collective bonus shifts
grapevine growers pro-environmental social norms in favor of using less
pesticide intensive production forms while Massfeller et al. ( 2022) �nd no
effect of a social nudge on agri-environmental scheme acceptance.

Many information intervention experiments that succeed in one setting
fail to replicate in another (Curzi et al., 2022). One reason for this might
be the heterogeneity of underlying populations, which may hinder infor-
mation recipients to update their current beliefs in case the personalized
information provided is in con�ict with their perceptions (Hauser et al.,
2018). This is particularly problematic if the information provision leads
to undesired effects and a reduction in economic, environmental, or social

2 While Mertens et al. (2022) show small to medium effect sizes of nudges across several
techniques, contexts and domains, Maier et al. (2022) shows that no effects remain after
accounting for publication biases.
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welfare (i.e. boomerang effects). Few papers have studied the role of in-
formation treatments to contribute to Europe's ambitious pesticide policy
goals (i.e. Buchholz et al., 2021). Moreover, there is no literature on farmer
behavior in the context of adoption of fungus-resistant grapevine varieties
and the power of behavioral aspects to guide policy solutions to stimulate
uptake of fungus-resistant grapevine varieties remains unexplored. 3 Last,
the academic literature on pesticide reductions in viticulture is relatively
small given the contribution of viticulture to pesticide pollution.

We contribute to this literature and test whether personalized information
can improve the effectiveness of information interventions in low-pesticide
practices. We are the �rst study to investigate the effect of personalized
information provision on pesticide related practices. We use an online
survey with Swiss grapevine growers. Using a pre-registered design and hy-
pothesis, we randomly provided grapevine producers with i) personalized
information about the number of highly-environmentally toxic fungicides
they use on their farm or ii) general information which states the number
of highly environmentally toxic fungicides approved for use in Swiss viti-
culture.4 We analyze if these information treatments change the share of
land growers intend to devote to fungus-resistant grapevines in ten years,
compared to a baseline (i.e. growers who did not receive any treatment). We
assess and compare the expected land devoted to fungus-resistant varieties
before and after the information treatment.

We �nd no effect, for the surveyed population at large, of providing
personalized or general information on the intended plantation share of
fungus-resistant varieties. However, exploratory analyses suggest that grow-
ers' perceptions about the information treatment and the outcome variable
are crucial. More speci�cally, we estimate a substantial reduction of the
intended plantation shares of fungus-resistant varieties (i.e. a boomerang
effect) by 21 percentage points for growers who are exposed to personal-
ized information but have incompatible perceptions about the information
provided and the target variable (i.e. they do not believe fungus-resistant
varieties are better for the environment). We consistently �nd no effects for
general information provision. Our results suggest that personalized infor-
mation interventions have limited power to reduce pesticide use and risk
in agriculture. However, successful interventions require careful planning,

3 One exception is Finger, Zachmann, et al. (2023) that explores links between the supply chain
and the uptake of fungus-resistant grapevine varieties.

4 Our focus on viticulture in Switzerland is further motivated by grapevines being the most
pesticide-intensive and economically relevant crop (de Baan, 2020; FAO, 2022).
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including control groups and suf�cient ex anteknowledge of the target
populations' perceptions to prevent boomerang effects.

The remainder of this paper is structured as follows. In section 3.2,
we present context on the empirical application. Next, we present the
experimental design and data in section 3.3. In section 3.4, we illustrate our
econometric framework. Section 3.5 reports results and section 3.6 discusses
them, and section 3.7 concludes.

3.2 empirical application

Our experiment focuses on the uptake of fungus-resistant grapevine vari-
eties for three main reasons.

First, viticulture is pesticide intensive. Grapevines are highly susceptible
to a range of fungal infestations, most importantly powdery mildew ( Unin-
cula necator), downy mildew ( Plasmopara viticola), and grey mould ( Botrytis
cinerea) (Martínez-Bracero et al., 2019). If left untreated, fungal infestations
cause substantial damage to the quality and yield of the grapevines, and
economic losses to growers. As a result, intensive fungicide schedules are
required to meet quality and quantity standards (Pertot et al., 2017). In
fact, viticulture ranks among the most pesticide-, and especially fungicide-,
intensive agricultural sectors in Europe and in Switzerland (Masson et al.,
2021). For example, in Switzerland 27% of total pesticide use stems from
fungicide use in viticulture and 58% of total fungicide use is applied in
vineyards (de Baan, 2020; de Baan et al.,2015). Thus, to reach ambitious pes-
ticide policy goals in Europe (Finger, 2021; Schebesta et al.,2020), viticulture
will play a key role.

Second, in areas where grapevines are grown, their cultivation for wine-
making is of high economic importance (Caraveli, 2000; Pappalardo et al.,
2013). At the global scale, grapevine production is responsible for 2.3% of
the total gross production value of non-animal produce. In the EU, the
share is 14% (Anderson, Nelgen, and Pinilla, 2017; FAO, 2022).5

Third, reducing fungicide use in vineyards represents a major entry point
to reducing pesticide-related risks in agriculture overall (Montaigne et al.,
2016; Pertot et al., 2017). The most effective strategy to reduce pesticide use
in vineyards while keeping production quantity and quality constant is the
use of fungus-resistant varieties (Viret et al., 2019). Fungus-resistant varieties

5 In Switzerland the share of grapevine production from total gross non-animal production
value is 17.4% (FAO, 2022). Appendix A provides more details on pesticide use and economic
relevance of grapevine production in Switzerland.
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result from interspeci�c crossbreeding between European Vitis vinifera and
American or Asian Vitis spp. species (Pedneault et al.,2016). The former
are known for their favorable oenological characteristics, while the latter
carry agronomic bene�ts in the form of resistance genes to fungal diseases,
mostly against powdery and downy mildews, and grey rot (Pedneault
et al., 2016). Consequently, fungus-resistant varieties allow a reduction of
fungicide treatments in vineyards by around 80% (Pedneault et al., 2016;
Rousseau et al.,2013; Viret et al., 2019), but they may face other challenges,
e.g. marketing, vini�cation or potentially lower drought resistance (Finger,
Zachmann, et al., 2023; Lamarque, Delmas, et al.,2023).6 Currently, uptake
of fungus-resistant varieties remains low, for example in Switzerland the
share of land devoted to these varieties was 2.8% in 2021(Bundesamt für
Landwirtschaft, 2022a; Pertot et al., 2017).

Therefore, viticulture offers a wide scope for the impact of information
interventions. Our study that includes data across Switzerland represents
an interesting case study to assess the impact of information interven-
tions, considering geographic heterogeneity in terms of growing conditions,
and thus offers relevant insights for European agriculture as a whole and
beyond.

3.3 experimental design and data

We approached grapevine growers in Switzerland using an online survey.
The methodological protocol and hypothesis of our experiment is pre-
registered on aspredicted.org (with Nr. 84972).7 Additionally, we received
ethical approval from the Ethics Commission of ETH Zurich (with Nr. 2021-
N-175). Our experimental design follows recommendations by Haaland
et al. (2023).8

3.3.1 Description of the experiment

Information treatments

Participants are randomly allocated into one of three groups. Participants
in the personalized treatment group receive information about the number
of highly-environmentally toxic fungicides they use on their farm, alongside

6 See Dayer et al. (2020) and Gambetta et al. (2020) for discussions of drought tolerance.
7 https://aspredicted.org/TL3 _C7G
8 Speci�cally, we reformulate the posterior elicitation to reduce experimenter demand effects

and account for con�dence by having a minimum and maximum share.



3.3 experimental design and data 45

the number of highly-environmentally toxic fungicides approved for use in
Swiss viticulture. The general information group only receives information
on the number of highly-environmentally toxic fungicides approved for
use in Swiss viticulture. The third group receives no information (baseline
group). Randomization of treatment provision across participants elimi-
nates selection bias such that the difference of the target variable across
treatment and control groups captures the average causal effect of infor-
mation provision (relative to the baseline) (Angrist et al., 2009). Table 3.1
shows the messages displayed to growers in each group.

Group Treatment information

Personalized information group Based on a scienti�c risk assessment for plant protection products
which considers environmental side-effects (i.e. persistence in soil
biomass and toxicity to non-target organisms from the Pesticide
Property Database) of the active substances in a product and its
formulation, 22 fungicides (5% from all fungicides registered for
use in grapevines in Switzerland) are considered highly toxic to the
environment.

Based on your previous answers, you use [#_of_products] out of these
fungicides.

General information group Based on a scienti�c risk assessment for plant protection products
which considers environmental side-effects (i.e. persistence in soil
biomass and toxicity to non-target organisms from the Pesticide
Property Database) of the active substances in a product and its
formulation, 22 fungicides (5% from all fungicides registered for
use in vines in Switzerland) are considered highly toxic to the
environment.

Baseline The baseline group received no information on toxicity of fungicides

Table 3 .1: Text shown to growers in each information treatment

In Switzerland, 403 fungicides are authorized for use in vineyards. While
fungicides can have negative human health and environmental effects (e.g.
Baldi et al., 2006; Komárek et al., 2010; Provost et al., 2007), the environmen-
tal externalities from fungicides authorized in Swiss vineyards are more
adverse than effects on human health.9 Hence we focus on environmen-
tal fate and ecotoxicity for the information treatments. Thus, we calculate
the environmental fate and ecotoxicity loads for all authorized fungicides
following the pesticide load indicator which assesses the potential risk
associated with the use of a pesticide (Kudsk et al., 2018; Lewis et al., 2016;
Möhring, Finger, et al., 2021). High-toxicity products (N= 22) are fungicides
whose joint load of environmental fate and ecotoxicity is in the top 95th

9 See Appendix C for more details on pesticide load calculations and the selection procedure of
the most toxic products.
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percentile of the distribution. This includes products that are especially
harmful because they are persistent in soil or biomass, and/or acute or
chronically toxic to non-target organisms. We identify ten clusters of prod-
ucts with different names but identical environmental fate and ecotoxicity
values (e.g. products in one cluster are substitutes with identical product
formulas). We ask participants how many of these 22 products they used in
the last growing season grouped by these 10 clusters.10 Among the selected
clusters, nine are allowed in organic viticulture. This is especially impor-
tant for our information treatment experiment since organic production is
often considered more environmentally friendly compared to conventional
production (Döring et al., 2019). But this effect does not hold per se for
fungicides in viticulture because the main organic strategy is the application
of large quantities of copper-based fungicides which are of environmental
concern (Komárek et al., 2010; Mackie et al., 2012; McBride et al., 1981).11

This information may surprise growers and lead them to update their
beliefs about the cultivation of varieties that require considerably fewer
fungicide treatments. 12 On average growers in our sample use 3 out of the
22 fungicides, 61 growers use none of these fungicides and are balanced
across the treatment groups (see Appendix G).

Description of the target variable

Our target variable is the share of land growers intend to devote to
fungus-resistant varieties in ten years (i.e. stated preferences) (Davies et
al., 2010). We refrain from having fungicide use or reductions thereof as
our target variable because growing traditional grapevines without using
fungicides is practically impossible. 13 Farmers in our sample are aware of

10 We displayed the product names in the survey instead of the active substances because we
hypothesized that product names are better known among the farmers.

11 Application rates of copper-based fungicides are limited for organic label producers in the
EU and Switzerland. However, the perennial treatments alongside very slow degradation of
copper in soils has led to copper concentrations exceeding EU warnings and critical legislative
limits throughout the world (Komárek et al., 2010). Moreover, copper is on Switzerland's list
of compounds to be substituted due to its persistence in soil (Bundesamt für Landwirtschaft,
2022b).

12 This treatment is categorized as a salience nudge as it is personally relevant information used
to increase attention to a choice. This is usually due to emotional motivation or include things
they care about (i.e. the environment) (Blumenthal-Barby et al., 2012).

13 Hence fungicide use or reduction as the target variable may aggravate the risk of hypothetical
bias.
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the fungicide reduction potential of fungus-resistant varieties – on average
they expect fungus-resistant varieties to reduce fungicide use by 60%.14

We choose a ten-year horizon because it takes a long time to adjust
grapevine practices (Cabaleiro et al., 2006; Carbone et al., 2019; Masson
et al., 2021) and to account for the dif�culty of the human brain to project
into the distant future (e.g Simon, 1990). Since a vineyard's average life
is approximately 25-35 years and replantation rates are consequently low
(Ashenfelter et al., 2016; Carbone et al.,2019), we analyze whether the in-
formation intervention affects farmers' intentions. Previous research shows
that intentions are often translated into action (e.g. Ajzen, 1985; Sok et al.,
2021; Tjernström et al., 2021), especially when the actor has a high degree
of control over implementation, as is the case in our setting.

Because our target variable is a projection, we follow best practices from
Haaland et al. (2023) and elicited a triangular distribution by asking farmers
the most likely share of their land they envisage for fungus-resistant vari-
eties in ten years, as well as the minimum and maximum shares (Hardaker
et al., 2015). This strategy allows uncertainty to be accounted for that is
inherent in the long-term projections since we calculate the expected share
from the triangular distribution (see Appendix E). We elicit the expected
share of land devoted to fungus-resistant varieties in ten years twice, once
before and once after the information treatment. 15 Our variable of interest is
how this expected share changes, (i.e. the difference between the elicitation
after the information treatment and before).

A concern for our analysis is experimenter demand effects. More specif-
ically, asking the variable of interest twice may induce participants to
respond in a way that they perceive suits the purpose of the experiment
(Haaland et al., 2023). To address this potential bias, we follow best practices
and include a baseline group which receives no information to capture
any changes in the target variable which are unrelated to the information
treatment. Moreover, we aim to mask the purpose of the experiment by care-
fully reformulating the elicitation after the information treatment (Berinsky
et al., 2012). Therefore, we ask farmers what share of their land they will

14 This is a slight underestimate as the reduction potential is around 80%. 95.2% of growers are
aware of fungus-resistant varieties (see Appendix G).

15 We elicited the main variable before the information treatment with the question "How much
of your land will you devote to fungus-resistant varieties in 10 years?" for three categories
(i.e. the most likely share, the minimum share and the maximum share). We reformulated
the question to "By the time you are [AGE+ 10] years old, what share of your vineyard do
you believe will be devoted to traditional/non-resistant grapevine varieties?" in order to
minimize experimenter demand. In between these two elicitations, we asked growers about
their agronomic practices, fungicides use, and farmer characteristics.
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devote to traditional non-resistant grapevine varieties once they are ten
years older. This allows the comparison of the key variable before and after
the treatment as well as reducing the concern of experimenter demand
effects.16

3.3.2 Expected effects

Our design aims to test whether providing personalized information about
fungicide risk increases the share of fungus-resistant grapevines planted
compared to growers who receive general information, or no information
(baseline). In standard economic theory, choices are determined by prefer-
ences, constraints, and beliefs (Haaland et al.,2023). Information enters the
choice environment indirectly as it affects beliefs. In the context of planting
fungus-resistant grapevines, information about the use of environmen-
tally toxic products could affect beliefs about their current fungicide use
which can be reduced by increasing plantation intensity of fungus-resistant
varieties.

Grapevine growers who receive novel and personally relevant information
that is tailored to their farming practices may feel more addressed/con-
cerned and update their intentions ('salience nudge') (e.g. Blumenthal-Barby
et al., 2012; Ferrari et al., 2019). This effect is expected to be weaker or absent
for a grower who receives general information (i.e. only about the number
of toxic products without the information about whether they apply any of
these products).

We formulate the following hypothesis: Growers who receive personal-
ized information about how many environmentally toxic fungicides they
apply will devote more land to fungus-resistant varieties in ten years.

3.3.3 Survey administration and data

We carried out an online survey with grapevine growers in Switzerland
between January and April 2022(Zachmann et al., 2023a). Participants were
recruited by email invitation (response rate: 18%) and advertisements in
specialty crops newsletters.17

16 The share of land devoted to fungus-resistant varieties is calculated by subtracting the share
of land devoted to traditional varieties from 100.

17 We sent 2'346email invitations to growers who participated in earlier surveys (Finger, Zach-
mann, et al., 2023) or were listed on SwissWine, the website of the Swiss Vine and Wine
Association.
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Figure 3 .1: Overview of geographical distribution of the sample (N= 436)

Note: The farms were randomly positioned within the municipalities so that the scatters do
not represent the actual location of the farms. This is done for con�dentiality reasons.

A total of 436grapevine growers took part in the survey. 18,19,20 Figure
3.1 provides a visual representation of the sample and shows the random
distribution of information groups.

After randomization, the balance between treatment and control groups
was tested for farm and farmer characteristics, number of toxic fungicides
used and whether they have grown fungus-resistant varieties before. The
characteristics are balanced across information groups apart from time
preferences (p<0.05). Moreover, the three groups do not statistically differ
in terms of land shares intended to devote to fungus-resistant varieties in
ten years elicited before information treatments. 21,22

18 We received response from all wine regions (see Appendix D).
19 This meets the sample size required based on the power analysis completed before data

collection (see Appendix K).
20 We did not drop observations as outliers from the sample because in the context of personalized

information treatments it is unclear whether answers are due to information provision or
unserious answering behavior.

21 See Appendix L for more details.
22 Since participants are equally distributed across treatment groups, attrition due to treatment

exposure is less of a concern for our analyses (see Appendix J for more).
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3.4 empirical strategy

3.4.1 Main speci�cation

Our speci�cation uses the change in the expected value of the share of
land devoted to fungus-resistant varieties in ten years before and after the
information treatment:

DExpected value[Share of land devoted to fungus-resistant varieties i ] =

Expected valueAfter treatment [Share of land devoted to fungus-resistant varieties i ]�

Expected valueBefore treatment[Share of land devoted to fungus-resistant varieties i ]
(3.1)

Share of land devoted to fungus-resistant varieties i refers to the share of
land devoted to fungus-resistant varieties in ten years for grower i. We calcu-
late the expected value from the triangular distribution (shown in Appendix
E) before and after the treatments. If a grower expects to devote a larger
share of land to fungus-resistant varieties after the information treatment,
then DExpected value[Share of land devoted to fungus-resistant varieties i ] >
0.

Next, we include 3.1 as dependent variable in the following linear model,
which we estimate with Ordinary Least Squares:

DExpected value[Share of land devoted to fungus-resistant varieties i ] =

a1 + b1Personalized info i + b2General info i + X
0

i g1 + e1,i

(3.2)

Personalized info i and General info i are dummy variables equal to 1 if
grower i received personalized or general information, respectively, and 0
otherwise. b1 and b2 measure the personalized and general information ef-
fects, in comparison to the baseline group who received no information. We
add additional covariates ( X i ) because they may generate more precise esti-
mates of the causal effect of information provision on expected plantation
share (Angrist et al., 2009).23 The effect of personalized information does
not differ to the baseline group if we fail to reject the null hypothesis that
b1 = 0 (hypothesis 1a). Additionally, we investigate if general information
has an effect (i.e.b2 = 0, hypothesis 1b).

23 See Appendix F for a list of controls.
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3.4.2 Robustness checks

To investigate mechanisms behind our results and assess stability we con-
duct further analyses.

First, we expand Equation 3.2 to allow for interactions between informa-
tion treatments and ex ante perceptions about fungus-resistant grapevines
following Christensen et al. ( 2021).24 Assessing the heterogeneity of effects
with interactions is crucial for the understanding effects within populations
with different characteristics (Curzi et al., 2022). We focus on perceptions
about whether growers perceive fungus-resistant varieties to be better for
the environment — the focus of our information intervention —, human
health or quality differences compared to traditional varieties (Appendix
I.I).

Second, we create a subsample dropping growers that will no longer
work in viticulture in ten years ( 24.3%) as their share of land devoted to
fungus-resistant varieties in ten years are not valid.

Third, we exclude growers who do not use any environmentally toxic
fungicides (Appendix H). We drop these observations ( 14%) to assess
whether the personalized information treatment effects increase when we
exclude growers who should not be affected by personalized information
provision since they use none of these products.

Fourth, we test whether the information treatment affects the (un)certainty
that is inherent in the long-term projection of ten years by testing if the
variance of the triangular distribution (as a measure of how (un)certain a
grower is about the projection) changes after the information treatment.
Speci�cally, we calculate the variances of the triangular distributions ac-
cording to Hardaker et al. ( 2015) before and after information provision
and use the change as the dependent variable in model 3.2.25

Fifth, we test the sensitivity of our main result when removing small
but in�uential subsets of the data (Broderick et al., 2020). This allows
potential sampling bias effects on our results to be assessed. This could be
relevant because survey participants could be missing not at random, even
though the characteristics of the respondents are similar to the underlying
population (Appendix B). Speci�cally, we assess what share of observations
with the largest effect on size and signi�cance would need to be removed
to overturn sign and signi�cance of our main result.

24 We pre-registered that we will interact the information treatments with explanatory variables
without explicitly naming the variables hence this analysis is exploratory.

25 See Appendix E for calculation details.
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3.5 results

3.5.1 Descriptive statistics

Table 3.3 shows that the average participant expects to plant fungus-resistant
varieties on 28.5% of their land in ten years before receiving information.
This is large compared to the average of the current shares in our sample
which is 10.2%. We observe for all participants (independent of treatment)
an increase in their share of land devoted to fungus-resistant varieties in
the elicitation after the treatment. 26

Before treatment After treatment

Mean SD Min Max Mean SD Min Max

Baseline (no information)

Minimum share 13.9 22 0 100 38 37 0 100

Most likely share 27.1 29.8 0 100 49.2 36.8 0 100

Maximum share 35.9 32.5 0 100 68.8 32.7 0 100

General information

Minimum share 17.8 26.5 0 100 39.5 35.6 0 100

Most likely share 29.7 32.3 0 100 52.4 34 0 100

Maximum share 38.7 34 0 100 69.4 31 0 100

Personalized information

Minimum share 15.8 25.3 0 100 36.3 33.8 0 100

Most likely share 28.7 29.7 0 100 50 33.3 0 100

Maximum share 39.2 32.3 0 100 67.6 30.6 0 100

Most likely share of full sample 28.5 30.6 0 100 50.6 34.7 0 100

Table 3 .3: Summary statistics for share of land devoted to fungus-resistant vari-
eties for whole sample

Note: The values are percentages, indicating the expected share of fungus-resistant
varieties of the total acreage under grapevine in ten years. The number of observations in
the three groups are 143, 152and 142for the baseline, general information and
personalized information groups, respectively. Refer to Appendix M for a visual
representation of the change in the main variable of interest across treatment groups.

26 We hypothesise that the baseline group changed in the second elicitation due the question
reformulation. However, since this design is equal across the baseline and treatment groups,
we control for this by comparing the differences between the personalized treatment and the
baseline group, and the general information treatment and the baseline.
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3.5.2 Regression output

Table 3.5 shows regression results. Model 3.1 results are shown in column
1, while interaction results are shown in columns 2 to 7. We present results
for the full sample (column 1), for a sample including only observations
which received personalized or no information (columns 2-4) and a sample
which received only general or no information (columns 5-7).

We �nd that coef�cients of personalized information provision on the
change of land devoted to fungus-resistant varieties are negative and non-
signi�cant for the full sample (Table 3.5, column 1). Therefore, we fail to
reject the null hypothesis that the effect of personalized information is
different to the baseline group (hypothesis 1a), and we fail to reject that
general information has an effect (hypothesis 1b).

However, in columns 2 to 7 we show effects considering different per-
ceptions of the growers regarding fungus-resistant varieties. Columns 2 to
4 show personalized and columns 5 to 7 general information treatments
when interacted with growers' perceptions. Columns 2 and 5 show the
results when growers' perceptions about the environmental bene�ts of
fungus-resistant varieties are considered. Columns 3 and 6 show the results
for health bene�ts and columns 4 and 7 quality perceptions of growers
regarding fungus-resistant varieties (see Appendix I.I for details).

Decomposition shows that we only see individually signi�cant effects
when environmental perceptions are considered (column 2). This is intuitive
because our information treatment focused on environmental bene�ts of
fungus-resistant varieties. Moreover, we see that the marginal effects differ
by growers' perceptions. We estimate a positive marginal effect of growers
who receive personalized information and perceive fungus-resistant vari-
eties to be better for the environment of 3.1 percentage points (column 2),
compared to their counterparts who receive no information but perceive
fungus-resistant varieties to have environmental bene�ts. However, a test
that the coef�cient on the personalized treatment and the interaction term
are jointly larger than 0 is rejected at the 5%-level. The marginal effect for
growers who receive personalized information about their use of environ-
mentally toxic fungicides and do not believe that fungus-resistant varieties
are better for the environment report to substantially reduce their land
devoted to fungus-resistant varieties by 21 percentage points, alluding to
large boomerang effects.27 Growers who ex anteperceive fungus-resistant

27 This result remains robust after adjusting the critical p-value for multiple hypotheses testing
(m=3, i.e. environmental, quality or health bene�ts of fungus-resistant varieties compared to
traditional varieties) using a Bonferroni correction.
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Dependent variable:

Expected change of land under fungus-resistant varieties

(1) (2) (3) (4) (5) (6) (7)

Personal information
-0.031

(0.042)

� 0.206��

(0.080)

� 0.053

(0.067)

� 0.073

(0.054)

Personalized information �

Environmental bene�ts of FRG

0.237��

(0.094)

Personalized information �

Health bene�ts of FRG

0.041

(0.086)

Personalized information �

Quality bene�ts of FRG

0.107

(0.088)

General information
� 0.003

(0.042)

� 0.068

(0.082)

0.028

(0.069)

0.047

(0.056)

General information �

Environmental bene�ts of FRG

0.091

(0.096)

General information �

Health bene�ts of FRG

� 0.042

(0.088)

General information �

Quality bene�ts of FRG

� 0.119

(0.090)

Environmental bene�ts of FRG
� 0.164��

(0.066)

� 0.117

(0.069)

Health bene�ts of FRG
� 0.121

(0.061)

� 0.083

(0.064)

Quality bene�ts of FRG
� 0.069

(0.063)

� 0.035

(0.065)

Constant Yes Yes Yes Yes Yes Yes Yes

Controls Yes Yes Yes Yes Yes Yes Yes

Sample Full Personal and no info only General and no info only

Observations 436 284 284 284 295 295 295

Adjusted R 2 0.066 0.088 0.080 0.068 0.097 0.106 0.109

Table 3 .5: Ordinary Least Square estimates for the effect of information provision
on expected plantation intensity of fungus-resistant varieties including
growers' perceptions

Note: **p<0.05. We here show only results that are statistically signi�cant at the 95th
con�dence level. Included controls are age, gender, farm size, time preferences, risk
preferences for plant protection, organic production, oidium risk index and the number of
toxic products used. Refer to Appendix F for coef�cients on included control variables for
column 1. Columns 2 to 4 uses only observations that received either personalized or no
information and columns 5 to 7 general or no information, respectively. Refer to Appendix
for interaction model speci�cation.
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varieties to be better for human health (columns 3 and 6) or have quality
advantages compared to traditional varieties (columns 4 and 7) and re-
ceived personalized or general information did not change their expected
plantation share.

3.5.3 Robustness checks

The analyses remain robust to several further checks. Our results remain
unchanged when we drop participants who will no longer work in viti-
culture in ten years' (Appendix I.II) or exclude growers who do not use
any environmentally toxic fungicides (Appendix I.III). In the latter case, the
marginal effect of personal information provision of non-believers is - 18.7
percentage points as the excluded growers should react less to personal
information provision therefore increasing the overall effect. We do not
�nd statistically signi�cant changes in the (un)certainty of the long-term
projection due to personalized information provision (Appendix I.IV). Last,
we �nd that our results are very robust in the context of possible sampling
bias. Speci�cally, we �nd that a large share ( 27.8%) of the most in�uen-
tial observations would need to be jointly dropped to overturn sign and
signi�cance of the coef�cients in Table 3.2 column 2.

3.6 discussion

Our results suggest that uptake rates of fungus-resistant varieties will sub-
stantially increase in the next years. The average individual share expected
is 28.5% of total land under grapevines in ten years without information
intervention. This is equivalent to an 18.3 percentage point increase (10.2%
to 28.5%) of the land under fungus-resistant varieties in the next ten years
compared to the current share. Although grapevine growers in our sample
are aware of the fungicide reduction potential of fungus-resistant varieties,
we do not �nd statistically signi�cant effects of personalized information
provision about the use of environmentally toxic fungicides on the intended
plantation intensity for our sample at large. However, our results suggest
that growers' perceptions about the information treatment and outcome
variable are crucial. Speci�cally, we estimate large boomerang effects, i.e.
socially undesired behavior, of a 21 percentage point decrease of the ex-
pected land devoted to fungus-resistant varieties for growers who were
given personalized information but do not believe in the environmental
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bene�ts of these varieties. We �nd no effects when providing growers with
general information only.

3.6.1 Policy implications

Our results highlight that personalized information has limited power to
reduce pesticide use and risks in agricultural for a heterogeneous sample.
Despite being economically attractive (if complemented with other mea-
sures) to reduce pesticide use and risks, we �nd no statistically positive
effects to trigger uptake of low-pesticide practices. Information alone may
not result in large shifts towards more environmentally friendly farming
practices. However, if information provision is cheap, even small effects
may be cost-effective. Moreover, our results highlight the importance of
considering behavioral factors in decision making when designing policies
consistent with previous research (e.g. Dessart et al.,2019; Lusk et al., 2014).
In our case, considering environmental perceptions proved crucial for how
information affected the share of land devoted to fungus-resistant varieties.
Subjective beliefs, perceptions and other behavioral factors related to the
outcome variable and information provision should be measured to account
for their in�uence on decision making.

Personalized information alone may not be suf�cient to promote the up-
take of fungus-resistant varieties. Currently, the uptake of fungus-resistant
grapevine varieties is dominated by growers who use short-supply chains
to market their wine (Finger, Zachmann, et al., 2023). Moreover, wine
prices are usually relatively high so that grapevine growers' income depend
less on agricultural subsidies rather than marketing strategies, consumers'
willingness-to-pay or personal perceptions (D'Amico et al., 2016). The opti-
mal policy strategy to promote the uptake of fungus-resistant varieties may
entail multiple policy instruments, combining public and private tools and
engaging up- and downstream actors in the food-value chain. Information
campaigns by agricultural authorities providing personalized information
about negative effects of pesticide practices to growers who are susceptible
to the information may promote the uptake. Similarly, authorities may
provide information on opportunities (e.g., vini�cation, wine styles, resis-
tance, cost-savings, environmental and health bene�ts) of fungus-resistant
varieties to growers who currently do not see bene�ts. Research and edu-
cation may inform growers who believe fungus-resistant varieties are not
better for the environment compared to traditional varieties with novel and
easy-access evidence on the environmental performance of fungus-resistant
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varieties. Additionally, informing consumers about environmental bene�ts
of fungus-resistant varieties via private standards (e.g. labelling low/no-
pesticide wine) creates preferences, in�uencing purchasing decisions and
thus promoting the uptake (Schäufele et al., 2017).

3.6.2 External validity

Recently, potential hurdles of experimental results when applied to large-
scale policy interventions (i.e. audiences outside of the experiment) have
been highlighted (Curzi et al., 2022). Experimental results with similar
designs often fail to replicate in different contexts (e.g. Camerer et al., 2018).
In our study, we �nd no evidence for effects of a personalized information
intervention for the sample at large. However, we �nd negative effects for
participants who have ex ante intervention-incompatible perceptions. Our
results highlight that experiments may result in unexpected outcomes if
the underlying population is not suf�ciently known, and thus personalized
information may not be in line with perceptions of information recipients.
Eliciting perceptions of the target population about the information in-
tervention and target variable before the intervention may save welfare
costs if boomerang effects can be avoided. Assessing intentions rather than
behaviors also may be a cost-saving strategy, especially if socially-undesired
behaviors can be corrected before interventions.

3.7 conclusion

Grapevine production which is globally among the most pesticide-intensive
and economically relevant crops represents a key entry point to reduce
pesticide risks in agriculture. The plantation of fungus-resistant varieties
is the most ef�cient strategy to reduce pesticide use in vineyards, however
their use remains low. In this paper, we test whether providing personalized
pesticide risk information to growers about the number of environmentally
toxic fungicides they use can increase the intended plantation share of land
devoted to fungus-resistant varieties. We use an online survey with 436
Swiss grapevine growers. Our results show that personalized information
provision does not affect the share of land devoted to fungus-resistant
grapevines for the sample at large. However, the effect of personalized
information provision is relevant when perceptions about environmental
bene�ts of fungus-resistant varieties are considered. Speci�cally, growers
who perceive fungus-resistant varieties to be no better for the environment
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than traditional varieties and receive personalized information about their
use of environmentally toxic products decrease their intended share of
fungus-resistant varieties by 21 percentage points thus resulting in large
boomerang effects.

Our �ndings have important policy implications. The results highlight
that the effect of information interventions may be heterogenous across
an intervention population (Szaszi et al., 2022). Personalized information
provision may be a cost-effective strategy to reduce pesticide use for a
responsive sub-population only. Nudging experiments should consider
growers' perceptions about the information intervention and target vari-
able ex ante to reduce risks of boomerang effects. Moreover, our results
underline that information campaigns and agricultural extension may in-
form growers about environmental bene�ts of sustainable practices and
enlarge the responsive population (e.g. Wuepper, Roleff, et al., 2020). The
optimal policy strategy to promote the uptake of sustainable practices such
as the plantation of fungus-resistant varieties should entail multiple policy
instruments, combining public and private tools and engaging up- and
downstream actors along the food-value chain (e.g. Möhring, Ingold, et al.,
2020).

Our analysis has implications for future research. The effect of personal-
ized information as a potential complementary policy instrument to foster
the uptake of low-pesticide production practices should be tested in dif-
ferent crops, with larger samples and in different countries or contexts.
Additionally, future research may study the effect of personalized informa-
tion in a randomized controlled trial, assessing real behavioral change over
time. These shall consider long time horizons as long planning horizons
in perennial crops such as grapevine create challenges for such research
approaches.

3.8 appendix

Appendix material for this publication is available via https://onlinelibrary.

wiley.com/action/downloadSupplement?doi=10.1002%2Fjaa2.76&file=jaa276-

sup-0003-Online-Appendix _supp.docx .
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T H E E F F E C T O F G E O G R A P H I C A L D E N O M I N AT I O N S O N
T H E U P TA K E O F F U N G U S - R E S I S TA N T G R A P E V I N E S

Grape production for wine-making is of great economic and cultural im-
portance in Europe, yet heavily reliant on pesticides. The reduction of
pesticide use and associated risks is a policy goal in various countries,
especially in Europe. The most effective strategy to substantially reduce
pesticide use in grape production is the plantation of fungus-resistant va-
rieties, which are more able to resist common fungal infections, and thus
allow for massive treatment reductions. However, their uptake remains
low. One possible reason could be that planting such new varieties may
con�ict with polices supporting geographical denomination systems, which
mostly focus on traditional varieties. We provide the �rst study on how
geographical denomination systems impact the uptake of these fungus-
resistant varieties directly. Using a novel and uniquely detailed dataset of
54,054variety-level observations from 378vineyards in Switzerland, we �nd
that fungus-resistant grapevine varieties are 2-6% more likely to be adopted
by grapevine growers if they can be sold under geographical denomina-
tions. We suggest expanding the eligibility of fungus-resistant varieties into
geographical denomination lists as well as complementary low-pesticide
labelling as policy measures to stimulate their uptake.

Keywords: Viticulture, Sustainable agriculture, Pesticide reduction, La-
belling, Geographic indication
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4.1 introduction

Geographical denomination is a key instrument in agricultural and food
markets to signal standards of product quality, production and origin (Mena-
pace and Moschini, 2014).1 Wine is the most relevant crop for geographical
denomination. 46.7% of all registered products in Europe with a geographi-
cal denomination are wines, which re�ects the vast cultural relevance of
grapevine production and importance of marketing for wine (Bavaresco,
2019; European Commission, 2022).2 At the same time, grapevine pro-
duction ranks among the most-pesticide intensive crops and as such is
of substantial environmental concern (Christ et al., 2013; Wuepper, Tang,
et al., 2023). For instance fungicides used in vineyards account for 26%
and 27% from total pesticide use in the European Union and Switzerland
(de Baan,2020; Muthmann et al., 2007).3 The negative effects of pesticide
use, which is currently the predominant pest management instrument, on
human health and the environment have been numerously documented
(e.g. Gunstone et al.,2021; Kim et al., 2017; Nicolopoulou-Stamati et al.,
2016; Stehle et al.,2015). This also includes copper, a widely used fungi-
cide in organic and conventional viticulture, which comes with negative
environmental impacts (Komárek et al., 2010; Mackie et al., 2012). As a
result, many countries initiated ambitious pesticide risk reduction policies,
e.g. within the Farm to Fork strategy of the European Union as well as in
Switzerland (Finger, 2021; Möhring, Ingold, et al., 2020; Schebesta et al.,
2020). The use of fungus-resistant grapevine varieties, which allow for the
largest pesticide treatment reductions in viticulture compared to available
alternative strategies without reducing yield levels, could play a decisive
role in reaching pesticide reduction goals. However, their uptake remains
low (Finger, Zachmann, et al., 2023; Montaigne et al., 2016; Pedneault et al.,
2016).4 One possible reason could be that planting such new varieties may

1 We here use the terms geographical indication and geographical denomination interchangeably.
2 1,627 wines with either Protected Designation of Origin (PDO) or Protected Geographical

Indication (PGI) were registered on the European Commission's eAmbrosia database. In total
there are 3,484 products registered. Moreover, 15 wine regions rank on UNESCO's World
Heritage List, re�ecting the vast cultural value grapevine production inherits around the
world.

3 Similarly, 70% and 60% from total fungicide use is applied in vineyards in the European Union
and Switzerland (de Baan, 2020; Nesselhauf et al., 2019). Note, however, that quantity does
not necessarily re�ect risk of applied substances (Möhring, Bozzola, et al., 2020).

4 Several studies document fungus-resistant varieties may be economically viable for producers
(e.g. Finger, Zachmann, et al.,2023) and that wines from fungus-resistant varieties are well-
received by consumers around the world (e.g. Van Der Meer et al., 2010; Vecchio et al.,
2022).
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con�ict with polices supporting geographical denomination systems, which
is mostly focused on traditional varieties, yet increasingly recognizing sus-
tainable practices (European Commission, 2023a). However, it remains an
open question if and how geographical denomination systems affect the
uptake of fungus-resistant grapevine varieties by grapevine growers.

In this paper we investigate whether and to what extent the eligibility of a
variety for a geographical denomination in�uences its uptake by grapevine
growers. We speci�cally focus on the role of geographical denominations for
the uptake of fungus-resistant varieties. These varieties can reduce fungicide
treatments in vineyards by around 80 percent without compromising yield
quality or quantity (e.g. Poni et al., 2017; Viret et al., 2019). We use a highly
detailed dataset of 54,054variety-level observations based on survey data
from 436grapevine growers in Switzerland. We exploit cantonal (N= 20) het-
erogeneity within Switzerland in wine regulations that determine whether
a speci�c grapevine variety can be marketed as a wine with a geographical
denomination to test whether that variety is more likely to be planted by
grapevine growers. The geographical indication system in Switzerland is
similar to the system in the European Union, allowing to draw conclusions
beyond Switzerland. We examine the binary variety uptake (i.e. whether
the variety is adopted), the uptake intensity (i.e. the share of land devoted
to a particular variety), and whether the geographical denomination label
is actually used for wine sales when the product is eligible for it.

Previous research mainly shows that geographical denominations can
improve economic, social and environmental sustainability (Belletti et al.,
2015; FAO, 2023; Lamarque and Lambin, 2015; Masson et al.,2021; Milano
et al., 2021; White et al., 2009).5 However, viticulture is a slow-moving sector,
e.g. vineyards are only re-established every 25-35years (Carbone et al.,2019),
and in�exible geographical denominations can thus challenge adaptation
to new realities such as climate change, technological progress, policy
changes and changing consumer preferences (White et al.,2009). The focus
of previous studies on geographical denominations has predominately been
on purchasing behavior by consumers (e.g. Aprile et al., 2012; Menapace,
Colson, et al., 2011; Skuras et al., 2002; Stasi et al., 2011; Teuber, 2011).
Moreover, the effects of geographical denominations on trade performance
(e.g. Agostino et al., 2014; Duvaleix et al., 2021; Lubinga et al., 2021), land
use (e.g. Lamarque and Lambin, 2015), reputation (e.g. Castriota et al.,

5 Note that research also shows that geographical denominated products are associated with
low nutri-scores (Höhn et al., 2023).
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2015; Menapace and Moschini, 2014; Sanz Cañada et al.,2005) and regional
development (e.g. Bowen, 2010) have been investigated.

While it is crucial to understand the effects of geographical denomination
regulation on farmer behavior and more speci�cally on behavior to meet
sustainability goals, literature remains largely absent. For instance, Belletti
et al. (2015) study the relationship between geographical denomination
in the olive oil sector and environmental sustainability using a set of six
indicators which may have potential environmental impacts. They conclude
that the environmental impact is in�uenced indirectly by geographical
denomination through the requirements to attain high product quality,
but not directly by the requirements in the regulations per se. Moreover,
Poetschki et al. (2021) study the effect of geographical denomination in the
olive and wine sector on farm incomes and �nd that the use of geographi-
cal denomination labelling signi�cantly increases farm incomes. Similarly,
Antonioli et al. ( 2024) suggest, using farm-level data, that geographical
denominations enhance economic and social sustainability, but have limited
impact on environmental performance. Speci�cally, they �nd no effect of
geographical denomination labelling on the use of pesticides. However,
geographical denomination systems could play a key role in transmitting
environmentally sustainable production standards between producers and
consumers to promote their acceptance among growers. Labeling wines
made from fungus-resistant varieties with a geographical denomination
may promote the uptake of fungus-resistant varieties by rewarding the
grower with a higher sales price or by signaling production standards of
the unknown grapevine varieties to consumers. Consumers use geograph-
ical denominations as external quality signals when making purchasing
decisions (Livat et al., 2019). Yet, the effects of varietal geographical denom-
ination eligibility on their uptake by grapevine growers are unknown. In
addition, the literature on uptake determinants of fungus-resistant varieties
remains scarce. Only a few empirical studies investigate factors affecting
farmers' uptake of these varieties. For instance, it has been shown that
supply chain length is important to explain the uptake of fungus-resistant
varieties (Finger, Zachmann, et al., 2023; Zachmann et al., 2023c). As of now,
it remains unclear whether and how geographical denominations impact
grapevine growers' behavior towards employing more environmentally
sustainable viticultural practices (e.g. through planting fungus-resistant
varieties) (e.g. Antonioli et al., 2024).

We �nd positive effects of a variety's eligibility for geographical denom-
ination on its uptake by grapevine growers, although at varying degrees
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depending on grapevine types. We �nd that fungus-resistant varieties are
2-6% more likely to be adopted by produces if they are eligible for geograph-
ical denomination. Our results thus highlight the potential of geographical
denominations as important potential policy tools in achieving goals of sus-
tainable development generally, and pesticide reductions more speci�cally.
However, our results suggest that fungus-resistant varieties are 4-7% less
likely to be marketed with a geographical denomination label compared
to traditional varieties, even if they are eligible for it. As the �rst paper to
investigate the in�uence of geographical denomination on variety choice
directly, we add to the literature on sustainable agricultural practices by
highlighting opportunities and limitations of geographical denomination
systems for sustainable transformations. Furthermore, our results are rele-
vant for the small literature on the uptake of fungus-resistant varieties by
highlighting the positive but small effect of their eligibility for geographical
denomination on their uptake. Furthermore, our �ndings for Switzerland
also contribute to a better understanding for policies in other European
countries.

The remainder of the paper is structured as follows. We present back-
ground on geographical denomination systems and viticulture in Switzer-
land in section 4.2. Then, we present the conceptual framework behind
geographical denomination and uptake of fungus-resistant grapevine vari-
eties in section 4.3. Next, we discuss the data used in section 4.4 and the
empirical approach in section 4.5. Section4.6 presents results and section
4.7 discusses policy implications. Finally, we conclude in section 4.8.

4.2 background on geographic denomination in viticulture

Our study focuses on viticulture in Switzerland because grapevine produc-
tion is the most pesticide intensive and most economically relevant crop
in Switzerland, similar to the European Union (de Baan, 2020; FAO, 2022;
Finger, Zachmann, et al., 2023; Muthmann et al., 2007).6 Moreover, wine
is culturally relevant, and Swiss viticulture is characterized by large het-
erogeneity (e.g. with respect to geographical denominations and grapevine
varieties used). It thus depicts an interesting case to study the effects of
geographical denomination on farm behavior (e.g. Poetschki et al., 2021).
Switzerland provides a suitable setting for this study because the regula-

6 The production of grapevines for wine making is also of high economic importance in Europe
at large, and with 12.4% of gross crop production value the third most economically relevant
crop in continental European agriculture (FAO, 2022).
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tions governing the geographical denomination of wines are regulated at
the cantonal level for each grapevine variety, thus allowing us to exploit a
high degree of regulatory heterogeneity. Importantly, regulations governing
geographical indications in Switzerland closely align with the established
system within the European Union.

4.2.1 The system of geographic denominations in wine

The underlying economic rationale of protecting geographical denomi-
nations of agricultural products lies in product differentiation such that
the quality and/or reputation of a product can be inferred from a spe-
ci�c area, and when communicated to consumers, can reward producers
with a price premia (Belletti et al., 2015; Bramley et al., 2009; Skuras et al.,
2002). Geographical denomination labeling is thus an approach to prevent
market failure in case of asymmetric information between producers and
consumers, thus attempting to solve the `lemons' problem (Akerlof, 1970;
Belletti, 1999; Menapace, Colson, et al.,2011; Mérel et al., 2021). However,
the success of using geographical denominations as signals to convey pro-
duction standards largely depends on whether there are measures in place
that ensure localization of production (Bramley et al., 2009). Geographical
denomination systems have recently been criticized for not signaling quality
effectively (Alston et al., 2021), however consumers rely on geographical
denomination labels as external quality signals (e.g. Livat et al., 2019).

In Switzerland, the system of geographical denominations for wine is
similar to the European system, as it requires grapevine growers to follow
certain rules (e.g. the use of speci�c varieties and yield restrictions) to
produce and market wine with a geographical denomination and in return
grants premium prices on wines with a geographical denomination (Masset
et al., 2019).

Almost 90% of Swiss wines are labeled with AOC (Schweizerische Vere-
inigung der AOP-IGP, 2022). The approval of varieties for geographical
denominations of origin is determined at the cantonal level, similar to the
European Union where approval is granted at the regional level (Euro-
pean Commission, 2022; Federal Ordinance on Viticulture and the Import of
Wine, 2022). As a result, the approval for geographical denominations varies
greatly across grapevine varieties and cantons (see Figure4.1), re�ecting
spatio-cultural tradition of growing grapevines similar to the European
Union (European Commission, 2022). How many varieties are included for
geographical denominations differs largely across cantons, ranging from 7
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Figure 4 .1: Eligibility of geographical denomination per grapevine variety
(fungus-resistant and traditional varieties) and canton

Note: This �gure shows only a selection of the most important grapevine varieties for
geographical denomination for the sake of readability. AG stands for canton of Aargau, AI
= Appenzell Innerrhoden, AR = Appenzell Ausserrhoden, BE = Bern, BL = Basel
Landschaft, BS = Basel Stadt, SO = Solothurn, FR = Fribourg, GE = Geneva, GR =
Graubünden, JU = Jura, LU = Luzern, NE = Neuchâtel, NW = Nidwalden, OW =
Obwalden, SG = Sankt Gallen, SH = Schaffhausen, TG = Thurgau, TI = Ticino, UR = Uri,
VD = Vaud, VS = Wallis, ZG = Zug, ZH = Zürich.
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to 120eligible varieties, and aligns with the heterogeneity in eligible vari-
eties within European Union geographical denominations (see Appendices
A3, A4 and A12). On top of the requirements for the grapevine varieties,
wine with a geographical denomination must comply with speci�c product
characteristics (Federal Ordinance on Viticulture and the Import of Wine,
2022). For instance, the grapevines must come from a speci�c geographical
area, yield must not exceed pre-de�ned harvest levels, and grapevines must
be produced according to a permitted method of cultivation. Moreover,
the grapevine juice must meet minimum natural sugar content and be
vini�ed according to permitted winemaking methods. Last, the production
is supervised and regulated by a control commission.

The process of allowing new varieties for geographical denominations
is subject to the cantonal wine ordinances. The federal wine ordinance
regulates only that the cantons must keep a list of approved grapevine
varieties for geographical denominations. Usually, approved grapevine va-
rieties have proven agronomic and oenological performance of the varieties
in the local context and some cantons further specify according to which
criteria this list is adjusted while others do not. Varieties become eligible for
geographical denomination labeling primarily through a top-down process
in which cantonal authorities assess agronomic and oenological suitability.
Alternatively, grapevine growers may request inclusion on the cantonal
geographical denomination list, which is a lengthy process (e.g. 15 years)
(e.g. Montaigne et al., 2016; SIL Genève,2020) (see Appendices A3 and A13
for more on geographical denomination systems).

4.2.2 Swiss Viticulture

Switzerland is the 20th largest wine producer globally (Anderson and Nel-
gen, 2012; Finger, Zachmann, et al., 2023). The production of grapevines
is economically the most important crop in Switzerland with a share of
17.4% from total gross crop production value, re�ecting the vast economic
relevance similar to France or Spain (FAO, 2022). It spans across six wine
regions, with each having speci�c environmental and cultural conditions
and thus also speci�c dominating grapevine varieties, like major European
wine regions.7 The six Swiss wine regions are Deutschschweiz, Vaud, Valais,
Ticino, Three Lakes, and Geneva (Masset et al.,2019). For instance, some

7 Pest and especially fungal pressure in Switzerland is generally very high (Mackie-Haas et al.,
2023), similar to the European Union in terms of relative pesticide use (see Appendix A 14 for
details on pest pressure across Switzerland).
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wine regions specialize more in thin-skinned white varieties (e.g. Chasselas
in Vaud or Three Lakes region), while others focus more on red varieties
(e.g. Merlot in Ticino) (see Appendix A 2 for more details about cantonal
grapevine production). Of the 90 million liters of wine produced on aver-
age every year, the vast majority (98.9%) is consumed within Switzerland
(Mondoux, 2022).8

Grapevine production represents also the most pesticide intensive crop
in Switzerland in terms of tons of active substances sprayed per hectare and
year (de Baan,2020; de Baan et al.,2015) (see Appendix A 15). Overall, 27%
from total pesticide use in Switzerland are fungicides used in vineyards,
i.e. it is of similar relevance than in the European Union (de Baan, 2020;
Muthmann et al., 2007). The predominant active substances used in grape
production in Switzerland is Folpet ( 25% of all fungicides applications), sus-
pected of being an endocrine disruptor (Ge et al., 2018), along with copper
(9–12%) (de Baan et al.,2015). In fact, a large part of the applied quantity of
fungicides in vineyards is copper, resulting in high copper concentrations in
topsoils within vineyard areas (Ballabio et al., 2018). Copper concentrations
in vineyard areas often exceed legislative thresholds (Komárek et al., 2010),
and lead to adverse environmental consequences(Komárek et al., 2010;
Mackie et al., 2012). As other high-risk substances, the use of copper is
expected to be further restricted by European agricultural authorities with
the aim of a total phasing out in the near future (Bundesrat, 2017; European
Commission, 2009). However, fungal pressure is not to disappear, but in
contrast expected to increase in the future due to climate change (Bregaglio
et al., 2013; Salinari et al., 2006).

The most ef�cient strategy to reduce the number of pesticide sprays in
viticulture substantially, compared to currently available pesticide reduction
measures, is the plantation of fungus-resistant grapevine varieties (Viret
et al., 2019).9 Fungus-resistant varieties are cross-breeds between American
or Asian, and European grapevine varieties ( Vitis vinifera) (see Bavaresco,
2019; Eibach et al., 2015, for more on breeding). European varieties are
generally highly susceptible to fungal diseases (Boso et al., 2014). For
example, 96.9% of land under grapevines in Switzerland are Vitis vinifera
varieties (Bundesamt für Landwirtschaft, 2022a). Also, the main Vitis vinifera

8 Note that about two thirds of wine is important, i.e. ca. 190million liters of wine are imported
to meet domestic demand which is high with roughly 34 liters per drinking-age resident per
year (Bundesamt für Landwirtschaft, 2022a; Bundesamt für Statistik, 2022).

9 Alternative pesticide reduction measures are for instance using disease forecasting, agroecolog-
ical crop protection, technical improvements of application methods and precise calculations
of dosage prior to spraying (Mackie-Haas et al., 2023; Viret et al., 2019).
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varieties planted in Switzerland, i.e. Pinot Noir, Chasselas, and Merlot have
been classi�ed as susceptible to fungal disease (e.g. Gindro et al., 2022;
Liu, Wang, et al., 2015; Salotti et al., 2022). Fungus-resistant varieties carry
both disease-resistance genes and a signi�cant percentage of European
grapevine characteristics in their pedigree, and as such are accepted as
Vitis vinifera varieties in Europe (Pedneault et al., 2016; Sivcev et al.,2010).
Fungus-resistant varieties allow for around 80% less pesticide treatments
compared to European varieties, while keeping quantity and quality of
production constant (Poni et al., 2017; Viret et al., 2019) (see Appendix A 15
for details, also on cost savings).

However, the uptake of fungus-resistant varieties remains low globally.
In Switzerland, for example, the share of land under fungus-resistant
varieties is at 3%, slightly higher than in other European countries (Finger,
Zachmann, et al., 2023). Finding effective and ef�cient strategies to support
the uptake of these varieties is thus of large policy relevance.

4.3 conceptual framework

Our conceptual framework accounts for the wine value chain (e.g. Gon-
charuk, 2017). Speci�cally, when replanting the vineyard, grapevine growers
choose a new variety by considering many factors among which the eligi-
bility of the variety for geographical denomination may play a key role. 10

Subsequently, grapevine growers produce wine from the cultivated varieties
and decide whether to label the �nal wine with a geographical denomina-
tion, if it is eligible. 11 Last, the �nal wine reaches consumers via different
marketing channels, e.g. from direct marketing to marketing indirectly via
retail or gastronomy.

Hereafter, we compare costs and bene�ts of fungus-resistant versus tradi-
tional varieties, considering their eligibility for geographical denomination
(see Table4.1).

p refers to the price that may be different between traditional varieties
(pFRG= 0 = p) and fungus-resistant varieties ( pFRG= 1 = pFRG). Moreover,
selling wine from varieties that are geographically denominated command
a price premium that may differ between the variety types (i.e. p FRG= 0 =
p ; p FRG= 1 = p FRG). It has been shown that what is on the wine bottle (e.g.

10 Other relevant factors are the marketing channel the farm uses, the production system, risks
regarding marketing, agronomy, and vini�cation, etc. (e.g. Finger, Zachmann, et al., 2023;
Mackie-Haas et al., 2023)

11 Similarly, the grapevine grower may sell unprocessed grapes to wine-makers or cooperatives,
which then market the wines.
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Geographical denomination

eligibility (GI)
Fungus-resistance variety (FRG) Hypothesis

No Yes

No p pFRG � cFRG

Yes p + p pFRG + p FRG + sFRG � cFRG H3

Hypothesis H1 H2

Table 4 .1: Comparison of costs and bene�ts of fungus-resistant and traditional
varieties with and without geographical denomination

the label) has a larger impact on wine sales prices than what is inside the
bottle (Alston et al., 2021; Cardebat et al., 2004; Meloni et al., 2013; Skuras
et al., 2002).

Hypothesis 1 (H1): Growers are more likely to grow traditional varieties
eligible for geographical denomination, if the geographical denomination
allows for a positive price premium, ceteris paribus, i.e. p > 0.

Fungus-resistant varieties are subject to additional marketing costs, as
they are less known to consumers (cFRG) (Becker,2013; Finger, Zachmann,
et al., 2023; Pedneault et al., 2016). Geographical denomination labelling
may be attractive for transmitting production standards of the unknown
grapevine varieties to consumers, thus reducing these marketing costs, since
imperfectly informed consumers of wine use simple quality criteria on the
wine such as geographical denominations to infer interior quality from the
product (`signaling effect', sFRG) (Pedersen and Sharp,2021). We assume
that geographical denomination for fungus resistant varieties is not bearing
any costs to the grower, as this is decided by higher administrative units.

Hypothesis 2 (H2a): Growers are more likely to plant fungus-resistant
varieties that are eligible for geographical denomination labelling if, ceteris
paribus, it allows for a jointly positive price premium and signaling effect,
i.e. p FRG + sFRG > 0:

pFRG + p FRG + sFRG � cFRG > pFRG � cFRG (4.1)

p FRG + sFRG > 0 (4.2)

Hypothesis 2 (H2b): Growers who mainly market indirectly via retail
to consumers rely more on signaling, and thus are more likely to plant
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fungus-resistant varieties if they are eligible for geographical denomination,
compared to direct marketers.

sFRG
Retail > sFRG

Direct marketing (4.3)

Hypothesis 3 (H3): Finally, among the varieties that are eligible for geo-
graphical denomination, growers are more likely to label fungus-resistant
varieties with a geographical denomination label, compared to traditional
varieties, if pro�ts of labelling fungus-resistant varieties with a geographical
denomination ( P FRG) is larger than the pro�ts obtained from geographically
denominating traditional varieties ( P ):

pFRG + p FRG + DsFRG > p + p (4.4)

P FRG > P (4.5)

with DsFRG = sFRG � cFRG being the net signaling effect (i.e. signaling
bene�ts minus marketing costs) of fungus-resistant varieties.

4.4 data

We use highly detailed survey data from 436grapevine growers in Switzer-
land (Zachmann et al., 2023a). The survey collection was done in the entirety
of Switzerland, thus including responses from all six wine regions and the
three main languages spoken in Switzerland (i.e. German, French, and
Italian). The total land under grapevines covered by the survey is 2,112.2
hectares which represents14.4% from the of�cial cultivation area in Switzer-
land. In the survey, detailed farmer-, and farm-speci�c factors were elicited.

In the survey, grapevine growers were speci�cally asked what varieties
they grow on their farm, providing them with a multiple-choice menu of the
35 most frequently grown varieties. In addition, grapevine growers could
add up to 15 varieties manually if they were not provided in the list. For
every variety grown on the farm, grapevine growers were asked to provide
the land (in are, i.e. 100m2) that they devote to this variety. Moreover, the
survey elicited whether farmers marketed any variety with a geographical
denomination. If the survey participants indicated that they do, they were
asked for all varieties they indicated that they grow on their farm whether
the variety is marketed with a geographical denomination, allowing to
identify geographical denominations at the variety level.
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Table 4.2 provides summary statistics of the sample regarding the use of
geographical denomination labels, the use of fungus-resistant varieties and
marketing strategies. Most grapevine growers make use of geographical
denominations ( 372 out of 436). While the proportion using at least one
fungus-resistant variety is higher among geographical denominations users,
the average land that is devoted to fungus-resistant varieties is substantially
higher among those who do not use geographical denomination labels.
Moreover, grapevine growers who use geographical denominations also
more frequently use the organic label, are larger in terms of farm size and
market their wines to retail and gastronomy. 12

Use of geographical denomination label

Total No Yes

(N=436) (N=64) (N=372)

Use of fungus-resistant varieties

No 261(60%) 48 (75%) 213(57%)

Yes 175(40%) 16 (25%) 159(43%)

Share of land devoted to
fungus-resistant varieties (%)

Mean (SD) 0.10 (� 0.24) 0.16 (� 0.33) 0.093(� 0.22)

Farm size (in are, i.e. 100m2)

Mean (SD) 870(� 1600) 430(� 1100) 940(� 1600)

Use of organic label

No 371(85 %) 59 (92 %) 312(84 %)

Yes 65 (15 %) 5 (8 %) 60 (16 %)

Share of direct marketing (%)

Mean (SD) 46 (� 35) 30 (� 43) 49 (� 32)

Share of marketing to retail (%)

Mean (SD) 13 (� 20) 3.7 (� 12) 14 (� 21)

Share of marketing to gastronomy
(%)

Mean (SD) 15 (� 17) 2.8 (� 8.4) 17 (� 17)

Table 4 .2: Summary statistics

Note: The share of marketing to retail is composed of the share that is marketed to
commerce and to large distributors.

12 The average share of marketing to retail is 3.8 times higher among geographical denomination
users compared to non-users (14/ 3.7), and 6.3 times higher when considering marketing to
gastronomy. The average share of direct marketing is lower ( 1.6) between these two groups.
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The 436surveyed farms in total use 143different grapevine varieties, and
our dataset contains thus 62,348variety-level observations (see Appendices
A1 and A2). Some farms indicated that their cumulative, variety-speci�c
land under grapevines is larger than their total farm size. We thus exclude
these observations, reducing our original sample to 54,054 variety-level
observations from 378farms in the cleaned sample (see Appendix A4).

Figure 4.2 shows that cantons with more stringent geographical denomi-
nation regulations with respect to fungus-resistant varieties, here measured
as the number of fungus-resistant varieties in relation to all varieties (i.e.
the share) eligible for geographical denomination per canton, systematically
depict lower average shares of land devoted to fungus-resistant grapevine
varieties.

4.5 econometric strategy

We estimate the following linear model with Ordinary Least Squares (OLS)
including interactions to test the effect of geographic denomination on
grapevine variety uptake:

Yi ,k = a + b(GIc( i),k � FRGk) + gGIc( i),k + dFRGk + C0r + I0s + #i ,k (4.6)

We use three different speci�cations for our dependent variable, Yi ,k.
First, we use the binary uptake (i.e. yes/no) of variety k by farm i. Second,
we run the same regression replacing the binary uptake with the uptake
intensity (i.e. the share of land devoted to variety k by farm i from total
land under grapevines of farm i). Third, we de�ne the dependent variable
as 1 if variety k is marketed with a geographical denomination by farm
i, and 0 else.13 FRGk is 1 if variety k is fungus-resistant, 0 else. Moreover,
GIc( i),k is a dummy variable that is 1 if variety k in canton c of farm i is
eligible for geographic denomination, 0 else. C0 = ( C1, C2, . . . ,CR� 1) is a
vector of cantonal �xed effects for the cantons ( R) in the sample, and I0

=( I1, I2, . . . , IN � 1) refers to a vector of farm �xed effects (N= 378 farms).
Last, #i ,k refers to an error term.

We thus exploit within farm-heterogeneity of cultivated grapevines across
different cantons, controlling for farm and cantonal �xed effects, which

13 This assesses whether grapevine growers market varieties that are eligible for geographical
denomination with a geographical denomination label. This is important for the mechanism
because a variety can be taken up in a canton where the variety is eligible for geographical
denomination, however the grapevine grower may decide to market the variety without
geographical denomination.
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Figure 4 .2: Cantonal shares of fungus-resistant varieties eligible for geographical
denominations and plantation intensities

Note: Five cantons (AI, AR, GL, OW, SZ) which are not present in our sample and not of
viticultural importance are not shown on the graph. Moreover, three cantons are dropped
as outliers (LU, ZG and JU). The cantons of BL/BS/SO are jointly shown because they have
identical regulations for geographical denominations. Data shown on y-axis are from
cantonal legislative documents, same as Figure4.1. Data on x-axis comes from the survey.
See Figure4.1 for details on abbreviations of cantons.

is the rationale of our identi�cation strategy. This means, we control for
cantonal factors that affect the eligibility of a variety in geographical denom-
ination catalogues (e.g. tradition, regional management) or the uptake by
farms (e.g. reputation). Moreover, we control for cantonal factors that affect
farms (e.g. through cantonal agricultural extension). Similarly, we control



74 geographical denominations and fungus -resistant grapevines

for farm-speci�c factors that affect the uptake of a variety in geographical
denomination list (e.g. a farm trialing a variety) or for farm-speci�c factors
that affect the uptake of a speci�c variety (e.g. organic producers, per-
ceptions, marketing channels, etc.). Last, we also control for farm-speci�c
factors that affect cantonal-speci�c factors (e.g. via lobbying). Refer to
Appendix A 6 for details on the identi�cation strategy.

For the binary uptake and uptake intensity, we are interested in the
effect of a fungus-resistant grapevine variety being eligible for geographical
denomination compared to if it is not eligible for geographical denomination
on its uptake by grapevine growers ( H2). Thus, we derive the effect (D1) as:

D1 = E (Yj FRG = 1, GI = 1) � E (Yj FRG = 1, GI = 0)

= b + g + d � d

= b + g

(4.7)

Similarly, g refers to the marginal effect of a traditional grapevine variety
being eligible for geographical denomination compared to if it is not eligible
for geographical denomination on its uptake by grapevine growers ( H1).14

For the third dependent variable, whether a variety is marketed with a
geographical denomination if it is planted and eligible, we derive the effect
(D2) between fungus-resistant and traditional varieties as follows ( H3):

D2 = E (Yj FRG = 1, GI = 1) � E (Yj FRG = 0, GI = 1)

= b + g + d � g

= b + d

(4.8)

Robustness checks

To assess the robustness of our main speci�cation to potential threats
to identi�cation as well as elaborate on mechanisms we conduct several
additional analyses.

First, it is per se not clear what is �rst, namely whether regulation
affects grapevine choice or whether the prevalence of a grapevine variety
in a canton (e.g. due to environmental suitability) triggers their uptake in
geographical denomination lists (`reverse causality'). We address this by

14 Note that these effect derivations in Equation 4.6 are identical to a subgroup analysis focused
on the effect of eligibility for geographical denomination on varietal uptake using a sample of
fungus-resistant varieties only. See Appendix A 17 for the proof.
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splitting fungus-resistant varieties in our sample which consists of different
generational hybrids into two subsamples. To this end, we identify the year
of introduction of the varieties to viticulture based on cumulative cultivation
areas in Switzerland and split the sample into recent (i.e. introduction after
2013) and established fungus-resistant varieties. We use2013as it represents
the conservative process length to have a variety listed as a geographical
denomination (i.e. 15 years). We then run Equation 4.6 only for recent
fungus-resistant varieties that we argue have not been on the market long
enough so that producers could lobby for their uptake into geographical
denomination lists (see Appendix A 7). If they are allowed for geographical
denomination, then it is a result from cantonal authorization instead of
trialing/lobbying.

Second, we split the sample by importance of labels as communication in
marketing. Speci�cally, we identify farms which specialize in marketing to
major distributors, commerce or gastronomy (i.e. those that market more
than 50% of their wines indirectly to consumers). For those farms, we
hypotheses that communication with a geographical denomination label is
particularly relevant for transmitting relevant information to consumers in
the absence of direct communication with consumers. Moreover, we split
the sample by growers who use the organic label to market their wines, vis-
à-vis those who are non-organic growers. This may be important because
the organic label can communicate between production (and its attributes)
and consumption, similar to geographical denomination labels.

Third, we test for variety speci�c factors such as resistance breakthroughs,
susceptibility to fungal pests, oenological characteristics, using in blends or
dif�culty in cultivation that may be relevant for the uptake of a grapevine
variety. We do this by splitting our sample into two subsamples where
one includes only fungus-resistant and the other traditional varieties. We
then run Model 4.6 without an interaction term but including variety �xed
effects for the two samples.

Fourth, we use a censored regression model to account for the limited
nature of the dependent variable, i.e. acknowledging that 4.6% of our
observations are ones, while the large majority are zeros (Henningsen,
2010).
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4.6 results

4.6.1 Descriptive results

Grapevine growers in our sample have on average seven different varieties
under cultivation (see Appendix A 1). Forty percent of the grapevine growers
in our sample use at least one fungus-resistant variety. These adopters
devote on average 10.2% of their land under grapevines to fungus-resistant
varieties.

85.3% of the grapevine growers use geographic denominations for mar-
keting their wine, which is slightly lower compared to of�cial data ( 90%)
(Schweizerische Vereinigung der AOP-IGP, 2022). Moreover, the use of
geographic denomination labelling is heterogeneous across grapevine types.
Traditional varieties are almost exclusively labelled with geographic denom-
inations (97.3%) while geographic denominations are less frequently used
for fungus-resistant varieties ( 89.8%).

4.6.2 Regression results

Table 4.4 reports regression results from Equation 4.6. Columns 1 and 2
use the binary uptake of a variety as dependent variable and columns 3
and 4 the uptake intensity as measured by the share of land of a variety
from total land (in %). Last, columns 5 and 6 report whether a variety is
marketed with a geographical denomination if it is planted and eligible for
it. Columns 1, 3 and 5 include interactions only, while columns 2, 4 and 6
also contain cantonal and farm �xed effects.

We �nd generally positive relationships between a variety's eligibility for
geographic denomination and farmers' uptake of this variety. More speci�-
cally, we estimate a marginal effect of varietal eligibility for geographical
denomination on its uptake of 5-6% for fungus-resistant grapevine varieties
in columns 1 and 2, compared to the variety not being eligible for geograph-
ical denomination. 15 Moreover, columns 3 and 4 show the marginal effect of
varietal eligibility for geographical denomination increases uptake intensity
by 1 percentage point for fungus resistant varieties. The marginal effect for
traditional varieties being eligible for geographical denomination compared
to if they are not on their uptake is 13% (columns 1 and 2) and the effect on

15 We also show in Appendix A 12 that the marginal effects differ by farm size, with larger
farms being more likely to plant a fungus-resistant varieties if it is eligible for geographical
denomination labelling compared to if it is not eligible (by 8%) (for smaller farms the marginal
effect is 5%).
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uptake intensity 2 percentage points (columns 3 and 4). In columns 5 and 6
we �nd that fungus-resistant varieties are 4-8% less likely to be marketed
with a geographical denomination label compared to traditional varieties,
even if they are eligible for it. 16

Uptake of variety
(1 = Yes; 0 = No)

Uptake share of
variety (in %)

Labelling of variety
with GI

(1 = Yes; 0 = No)

(1) (2) (3) (4) (5) (6)

Variety eligible for
geographic denomination
in farmers� canton
(1 = Yes;0 = No)

0.13***
(0.002)

0.13***
(0.002)

0.02***
(0.001)

0.02***
(0.001)

0.03***
(0.01)

0.06***
(0.01)

Fungus-resistant variety
(1 = Yes;0 = No)

-0.01***
(0.002)

-0.01***
(0.002)

-0.002***
(0.001)

-0.002***
(0.001)

-0.17***
(0.02)

-0.19***
(0.02)

Fungus-resistant variety (1
= Yes; 0 = No) � Variety
eligible for geographic de-
nomination in farmers � can-
ton (1 = Yes;0 = No)

-0.08***
(0.004)

-0.07***
(0.004)

-0.01***
(0.001)

-0.01***
(0.001)

0.13***
(0.02)

0.11***
(0.03)

Cantonal �xed effects No Yes No Yes No Yes

Farm �xed effects No Yes No Yes No Yes

Sample Cleaned sample

N 54,054 54,054 54,054 54,054 2,262 2,262

Adjusted R 2 0.07 0.09 0.02 0.02 0.05 0.20

Table 4 .4: Regression results for the effect of geographic denomination on
grapevine variety choice

Notes: *** refers to signi�cance at the 1 percent level. Columns 1 to 4 uses the cleaned data,
while columns 5 and 6 use only observations of adopted grapevines varieties, thus
decreasing the sample. GI stands for geographical denomination/indication. The numbers
shown on the �rst, second and third lines of the main part of Table 4.4 refer to the
coef�cient estimates of g, d and b from model 4.6, respectively.

Our results remain stable to several further analyses and robustness
checks. First, the marginal effect on the uptake of fungus-resistant varieties
remains stable at 4-6% when excluding fungus-resistant varieties that have
been on the market earlier than 2013, thus decreasing the risk of lobbying
for the uptake into geographical denomination lists (Appendix A 8). We
�nd that the marginal effect of grapevine variety eligibility for geographical
denomination and their uptake is higher for farms that sell most of their
wines indirectly to consumers, and as such rely more on labeling as a form

16 Note that in this analysis we do not compare eligibility for geographical denomination between
grapevine types, but whether grapevine growers use geographical denominations for a variety
they have planted and is eligible for it.
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of communication with consumers. More speci�cally, the marginal effects
for fungus-resistant varieties increases to 7%, while for traditional varieties it
increases to16% (Appendix A 9). Moreover, growers using the organic label
are 15% more likely to plant fungus-resistant varieties if they are eligible
for geographical denominations, compared to if they are not eligible. This
marginal effect is substantially lower for non-organic growers, i.e. at 5%
(Appendix A 12). Additionally, sign and signi�cance of our main results
do not change when controlling for variety-speci�c factors. However, the
marginal effects decrease to2% and 6% for fungus-resistant and traditional
varieties, respectively (Appendix A 10). Last, we �nd that sign, precision
and magnitude of the marginal effects of our main variables of interest
remain stable when accounting for the censored nature of our dependent
variables (i.e. the binary uptake and the uptake intensity) (Appendix A 11).

4.7 discussion and policy implications

Our results show that geographical denomination labelling of wine is wide-
spread and important for growing decisions, e.g. 85.3% of grapevine grow-
ers use at least one geographical denomination, con�rming earlier evidence,
see e.g. Alston et al. (2021). Moreover, we �nd that fungus-resistant vari-
eties are less likely to be planted compared to traditional (i.e. non fungus-
resistant) varieties. While we generally �nd positive effects of geographical
denomination eligibility of a variety on its uptake by grapevine growers,
the size of the effect differs by grapevine types. Speci�cally, marginal effects
for fungus-resistant varieties show a 2-6% increase on their uptake and
1 percentage point increase on their uptake intensity. While this effect is
positive and signi�cant, it is smaller than for traditional varieties (i.e. the
effect is 6-13% increase on their uptake and 2 percentage points increase
on the uptake intensity). Moreover, we �nd that fungus-resistant varieties
are 4-8% less likely to be marketed with a geographical denomination label
compared to traditional varieties, even if they are eligible for it.

The effect of varietal eligibility for geographical denominations on the
uptake of traditional varieties is about twice as high as compared to fungus-
resistant varieties which is in line with wine regulations on geographical
denominations in Switzerland and elsewhere that have historically focused
on traditional varieties (Meloni et al., 2013). Moreover, the smaller effect of
fungus-resistant grapevines may stem from the fact that many of these vari-
eties have only recently been introduced into viticulture generally and into
geographical denomination catalogues speci�cally (Ashenfelter et al., 2016).
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Grapevine replanting takes place on average every 25-35 years (Carbone
et al., 2019) and as such responses by growers to changes in geographi-
cal denomination regulations may be slow. To meet ambitious pesticide
policy targets, additional measures may be needed to promote the up-
take of fungus-resistant varieties. Thus, our results have important policy
conclusions.

Our results also show that fungus-resistant varieties are not always la-
beled with geographical denominations, even when eligible, possibly due
to the prevalence of a low number of early-adopters marketing their wines
from fungus-resistant varieties directly to consumers (Finger, Zachmann,
et al., 2023). Direct marketing requires less communication between produc-
tion and consumption via geographical denomination labels compared to
retail settings (see also Appendix A 9).17 However, the share of wine which
is marketed via retail to consumers is substantial and thus represents an
important leverage point to promote the uptake of fungus-resistant vari-
eties.18 Producers who market wine via retail to consumers rely more on
labelling as a form of communication with consumers. Moreover, retailers
speci�cally demand wine with a geographical denomination, thus allowing
fungus-resistant varieties into geographical denomination lists may promote
their uptake. 19 However, labeling wine produced from fungus-resistant va-
rieties, as well as communicating their pesticide reduction potential to
consumers may be another complementary measure to promote the up-
take of fungus-resistant varieties further. Consumers generally depict a
positive willingness-to-pay for wine with sustainability characteristics (e.g.
Lanfranchi et al., 2019; Sellers, 2016). It has also been argued that con-
sumers use simple quality criteria on the wine label to infer quality from
the product, and what is on the wine bottle has a large impact on sales
prices (Cardebat et al., 2004; Pedersen and Sharp,2021).

Labeling wine produced from fungus-resistant varieties, as well as com-
municating their pesticide reduction potential may thus act as an important
buying argument for consumers in a retail setting and as such increase the
attractiveness to producers who market via retail to grow such varieties.

17 Moreover, geographical denominations come with distinct production criteria (e.g. yield
restrictions) and winemaking practices, which growers may seek to circumvent. Additionally,
fungus-resistant varieties can be blended (up to 10-15%) with traditional varieties carrying the
geographical denomination tag.

18 For instance in Switzerland, the share of wine that is sold via retail to consumers is 41.2%
(Schweizerisches Observatorium des Weinmarktes, 2022).

19 Around 90% of the Swiss wine sales in retailers have a geographical denomination and retailers
and cooperatives pay higher prices for geographically denominated grapevines and wines
(Schweizerisches Observatorium des Weinmarktes, 2022).
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As of today, there exists no homogenous label identifying wine made from
fungus-resistant varieties. Importantly, such a label shall be complementary
to current organic or bio-dynamic labels since particularly copper-based
plant protection products which are widely used in organic viticulture are
of environmental concern (Komárek et al., 2010; Mackie et al., 2012).

Our estimated effects are likely lower bounds, since consumption of
wine in Switzerland is domestic and direct marketing plays an important
role. In contrast, wine marketing is less reliant on direct marketing and
characterized by cross-country trade in major wine producing countries
in Europe so that geographical denomination labeling may be even more
relevant to communicate between production and consumption (Agostino
et al., 2014).

4.8 conclusions

In this paper, we investigate directly how geographical denomination eli-
gibility affects the uptake of fungus-resistant varieties. We investigate the
varietal uptake decisions of 436 grapevine growers in Switzerland using
54,054variety-level observations. We �nd that grapevine growers are more
likely to plant fungus-resistant varieties that are listed in geographical
denomination catalogues by 2-6% and plant fungus-resistant varieties more
intensively if they are eligible for geographical denomination (i.e. 1 percent-
age point increase in the land share for fungus-resistant varieties that are
eligible for geographical denominations compared to those which are not
eligible).

Our results have policy implications. To meet policy goals to substantially
reduce pesticides in agriculture, fungus-resistant grapevine varieties are an
ideal strategy, but their current uptake is low. Our results imply that the
uptake of fungus-resistant varieties may be promoted by including them
in geographical denomination catalogues. This may be especially useful
for making the cultivation of fungus-resistant grapevine varieties attrac-
tive to producers who sell their wine predominantly via retail. However,
while this policy measure is cheap, its effect is only small. Thus, also other
policies shall be used. These can comprise, for example, targeted support
and information to producers, increased labeling of wine produced from
fungus-resistant varieties, as well as communicating their pesticide reduc-
tion potential to consumers. These may be bene�cial and complementary
policy measures to stimulate their uptake further.
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Further research may explore how alternative labels (e.g. low pesticide
or environmentally sustainable) for wine from fungus-resistant varieties
could increase their uptake and investigate how geographical denomina-
tion affects variety uptake in other countries or regions (e.g. exporters) or
for different crops where the importance of geographical denomination
may differ. Moreover, research may investigate agronomic and oenological
factors that characterize fungus-resistant varieties (e.g. durability of resis-
tance, blending) and as such may in�uence the uptake decision at the farm.
Research may also examine time dimensions that may matter for the uptake
of fungus-resistant varieties. Finally, future research shall expand the here
presented analysis to European viticulture at large.

4.9 appendix

Appendix material for this chapter is available here: https://polybox.ethz.

ch/index.php/s/hcJF6oFfoGK2bnT
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S P R AY I N G F O R T H E B E AU T Y: C O S M E T I C P E S T I C I D E
A P P L I C AT I O N S I N A P P L E P R O D U C T I O N

Pesticides are used to reduce yield losses and to enhance the visual quality
of products. However, pesticide use raises concerns due to negative health
and environmental effects, hence ambitious policy goals for their reduction
have been established. Reducing pesticides which mainly focus on visual
quality of products could be an ef�cient strategy to contribute to these
goals, without reducing food production. However, the role of `cosmetic'
pesticide use is so far not well documented and understood. Here, we
quantify cosmetic pesticide use and the in�uence of supply chain charac-
teristics on their use. We focus on table apple production, where visual
quality of products is a key aspect. Using a sample of 196apple growers in
Switzerland, we �nd that 23.5-59.2% of growers use cosmetic pesticides for
the apples' visual appearance. Farms mainly marketing via intermediaries
are 23.9-29.6% more likely to spray cosmetic pesticides for visual purposes
compared to farms mainly direct marketing. Our �ndings highlight the
role of supply chains in farmer decision-making, recommending a decrease
in the focus on visual product quality, especially in retail environments,
thus minimizing unnecessary and irreversible risks of pesticide exposure
by farmers without compromising food security.

Keywords: Cosmetic pesticides, Supply chain, Pesticide reduction, Table
apples

This section is published as: Lucca Zachmann, McCallum, Chloe, and Finger,
Robert. "Spraying for the beauty: Cosmetic pesticide applications in apple
production." Agricultural Economics. In Press.
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5.1 introduction

Pest management is crucial for agricultural productivity, with damage
abatement to safeguard yields being traditionally the main objective (Licht-
enberg and Zilberman, 1986; Popp et al., 2013; Savary et al.,2019). However,
pest management may also serve as a strategy to augment the visual quality
of agricultural goods (without affecting yield quantity or quality in other
forms), which may result in increasing sales prices of products (Babcock et
al., 1992; Zakowski et al., 2021). This is especially relevant if the agricultural
goods are marketed unprocessed. A key example are table apples, which
are economically the second most important fruit in European agriculture
in terms of gross production value (FAO, 2022). However, pesticide use
causes risk for the environment and human health (e.g. Gunstone et al.,
2021; Kim et al., 2017). Thus, reducing pesticide risks is a key target of
agricultural policies in many countries. In the European Union, for example,
the goal is to reduce the use and risk of chemical pesticides; and the use of
more hazardous pesticides, both by 50% by 2030(Schebesta et al.,2020).

Reducing the use of `cosmetic' pesticides can contribute to reaching
these goals without harming food production, a key feature for policy
discussion (e.g. Schneider et al.,2023). Moreover, such cosmetic applications
of pesticides imply negative effects especially for human health of farming
communities and the general population via their diet (Istvan et al., 2021;
Kim et al., 2017; Wang, Ma, Jia, et al.,2023).1 Some cosmetic pesticides
are potential endocrine disruptors, contributing to developmental and
reproductive toxicity in animals and humans (Isik et al., 2015; Wang and
Hao, 2023). Substances linked with cosmetic purposes are widely used
(e.g. Zakowski et al., 2021) such that the yearly sprayed quantity in Swiss
pome fruits would be suf�cient to treat about 83% of total land under pome
fruits. 2 Identifying drivers of farmers' pesticide use decisions is essential
to design effective policies since most policies have not yet materialized in
actual use and risk reductions (Möhring, Ingold, et al., 2020).3 While most
pesticide policies target single substances and farmers using them (Möhring,
Ingold, et al., 2020), the role of supply chains and market requirements for
cosmetic pesticide applications remains largely unexplored but is essential

1 In fact, table apple production ranks also among the most pesticide-intensive crop production
systems (Rosenheim et al.,2020; Simon et al., 2011).

2 The derivation of this calculation is in Appendix A.
3 The literature on farmers' decisions regarding pesticide use identi�es key drivers across three

dimensions: individual, social, and external factors (refer to Meunier et al. ( 2024) for a recent
review on behavioral factors).
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to effectively reduce pesticide risks across the sector (Jacquet et al.,2022). For
example, if and to what extent, and why farmers apply cosmetic pesticides
with the main aim to augment visual quality remains unknown.

This paper quanti�es the extent of cosmetic pesticide use in apple pro-
duction and investigates the in�uence of the downstream supply chain on
farmers' use of pesticide applications aiming at enhancing the cosmetic
appearance of table apples.4 More speci�cally, using a sample of 196apple
growers in Switzerland, we seek to achieve three main goals: i) quantify the
relevance of cosmetic pesticide use, ii) quantify the relevance of marketing
channels, i.e. comparing direct marketing vs. marketing via intermediaries
to retail, and iii) assess how farm characteristics, speci�cally specialization
and farm size, determine the use of cosmetic pesticides.

A large body of literature has investigated the importance of visual
appearance in consumer decision making and repeatedly shown retail con-
sumers' sensitivity to the visual appearance of unprocessed produce, such
as table apples (e.g. Thompson et al.,1998; Ueda et al., 2020; Yue et al.,
2009). For example, larger apples draw price premia (Skuza et al., 2013).
Previous research has also shown that pesticides are frequently used by
farmers for cosmetic purposes (e.g Babcock et al.,1992; Flaherty et al., 1973;
Lichtenberg, 1997; Pimentel, Kirby, et al., 1993; Pimentel, Terhune, et al.,
1977; Zakowski et al., 2021).5 For instance, stringent cosmetic standards
(e.g. regarding color, size, appearance) set by retail, wholesale and food
processors have led to increased pesticide use (Pimentel, Terhune, et al.,
1977). Similarly, Zakowski et al. ( 2021) �nd that 57.1% of harvested hectares
of table grapes were treated at least once with a cosmetic pesticide in
California, USA. Literature also documents that the choice of a marketing
channel and the length of the supply chain is a crucial and far-reaching
decision for an agricultural farm, as it de�nes how products reach con-
sumers and thus affects economic outcomes of the farm (e.g. Arinloye et al.,
2015; Blandon et al., 2009; Cariappa et al., 2020; Hao et al., 2018; Hernández
et al., 2007; Lee, Liu, et al., 2020; Liu, Ma, et al., 2019; Maas et al., 2012;
Milford, 2014; Mujawamariya et al., 2013; Tsourgiannis et al., 2008). Studies
�nd, for example, that cheap pesticide and fertilizer use are likely driving
farm pro�tability of farms mainly marketing via intermediaries making
it the most pro�table marketing channel in Taiwan (Lee, Liu, et al., 2020).

4 Cosmetic appearance refers to intrinsic attributes of the apples among which are color and
size (Yue et al.,2009). Hereafter, we use cosmetic, internal, and visual quality as synonyms.

5 Studies in other �elds (e.g. sports) document the relevance of market power in in�uencing
cosmetic pesticide regulation, as demonstrated by the ban of cosmetic pesticides in Canada
with the exemption from their use on golf courts (Millington et al., 2016).



86 spraying for the beauty

Similarly, Hernández et al. ( 2007) �nd that tomato growers in Guatemala
who market via wholesalers to supermarkets use more pesticides compared
to direct marketers. While actors along the supply chain may place different
emphasis on visual product qualities (e.g. size and color), the importance
placed potentially in�uences cosmetic pest management strategies at the
farm (Zakowski et al., 2021). Yet, quanti�cation of the extent of cosmetic
pesticide use and rigorous analysis of the impact of supply chain char-
acteristics on cosmetic pesticide use at the farm level remains absent. In
particular, understanding the drivers behind cosmetic pesticide use that go
beyond damage abatement is crucial to reducing unnecessary risks to the
environment and human health from pesticide use without compromising
food security.

We address this gap using a survey with apple growers in Switzerland
and a multinomial endogenous treatment effects model (Deb and Trivedi,
2006b) to assess whether farms which market their table apples mainly
directly to consumers differ in terms of cosmetic pesticide applications in
comparison to farms which mainly market indirectly via intermediaries.
We focus on i) the extent of farmers' stated use of pesticides for the main
aim of the visual appearance of apples (i.e. size and color) and ii) whether
farmers use chemical thinning methods (i.e. apply chemicals shortly after
bloom to achieve fruit thinning) for size and color development of the table
apples. As such, we focus on pesticide applications that go beyond damage
abatement to safeguard yields. High cosmetic quality generally translates
to selling products at premium prices (Zakowski et al., 2021).

We �nd that among the sampled producers, 23.5% mainly use cosmetic
pesticides to enhance fruit appearance (i.e. size and color), while 59.2% em-
ploy chemical thinning for apple size and color development. The frequency
of cosmetic pesticide use increases with the share of apples marketed via
intermediaries to consumers. More speci�cally, farms primarily marketing
via intermediaries are 29.6% more likely to use cosmetic pesticides for
visual purposes and 23.9% more likely to employ chemical thinning for
apple size and color, compared to farms primarily marketing directly to
consumers. Farms primarily marketing via intermediaries are considerably
larger in terms of land under apples, are more likely to have visual require-
ments speci�ed in contracts and less likely to be organic producers. These
farms also produce a higher proportion of premium and class 1 apples
which meet strict appearance criteria, while class 2 allows minor defects or
blemishes.
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This papers' contributions to the literature are threefold. First, we add to
the existing literature on cosmetic pesticide use in agriculture (e.g. Pimentel,
Kirby, et al., 1993; Pimentel, Terhune, et al., 1977; Zakowski et al., 2021) by
econometrically linking its use with farms' supply chain characteristics. 6

Second, this article adds to the existing literature on short supply chains
by emphasizing the role of the distance between production and consump-
tion in agri-industrial supply chains and the use of one particular kind
of pesticides at the farm-level (e.g. Barnes et al.,2022; Chiaverina et al.,
2024; Enthoven et al., 2023; Finger, Zachmann, et al., 2023; Marsden, 2000).
Last, our results contribute to the literature on sustainability trade-offs in
agriculture, highlighting economic bene�ts of downstream supply chain
actors that come with human health risks for farming communities result-
ing from agricultural products subject to high visual quality standards
set by downstream actors (e.g. Antle et al., 1994; Kanter, Musumba, et al.,
2018; Lechenet, Bretagnolle, et al.,2014). Our �ndings reveal sweet spots for
agricultural policy, recommending a decrease in the focus on visual product
quality, especially in retail environments, thus minimizing unnecessary and
irreversible risks of pesticide exposure by farmers without compromising
food security.

The remainder of this paper is structured as follows. In Section 5.2
we provide background on apple production in Switzerland, including
supply chain characteristics and pesticide use. Section5.3 elaborates on the
conceptual framework, while section 5.4 presents the econometric approach
and data. Results are presented in section5.5, while section 5.6 discusses
policy implications. We conclude and provide policy recommendations in
section 5.7.

5.2 background

5.2.1 Supply chain in apple marketing

Apples are economically the second most important fruit in Europe with
2.9% from total gross economic production value from all crops, and with
9.6% the third most important crop in Switzerland (FAO, 2022). Apples
produced in Switzerland are mainly consumed domestically (Gramm et al.,
2019). Out of the 225'676 tons of apples produced on average every year,
66% are table apples that are subject to high visual quality requirements

6 Most existing studies use aggregate data on cosmetic pesticide use without linking its use to
farm characteristics (Zakowski et al., 2021).
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due to their raw or unprocessed marketing (Agrarbericht, 2022a) (Figure
5.1).7 The visual quality is the primary attribute used by consumers when
assessing the overall quality of an unprocessed product (Pimentel, Kirby,
et al., 1993). In the remainder, we will be referring to table apples simply as
apples.

Figure 5 .1: Apple supply chains in Switzerland and importance of visual appear-
ance

Note: Data are of�cial Swiss averages over 2018-2021from Agrarbericht ( 2022a). Juice
apples are not subject to visual quality characteristics, and thus not focus of our study. We
drop farms that only produce juice apples (see Section 4.3). Moreover, the share of table
apples used for own consumption is low, with 20.9% of farmers using on average 2.9% of
their table apples. Thus, we do not focus on table apples used for own consumption.

Apples in Switzerland are mainly marketed via two channels to con-
sumers, namely directly or via intermediaries. 8 Direct marketing of apples
to consumers happens via on-farm sales (e.g. with a farm shop) in which
consumers and producers are in direct contact (e.g. Enthoven et al., 2021).
Marketing apples via intermediaries to consumers happens with an in-
termediary in between the producer and consumer. Indirect marketing is
the dominant marketing arrangement of apples in Switzerland (Gramm
et al., 2019).9 Intermediaries are fruit trading companies (which market to
large supermarkets), cooperatives, or smaller/regional supermarkets. Inter-
mediaries make assessments of the products based on quality standards

7 Since apple production is weather dependent, thus �uctuating from year to year, we use
average values from the years 2019-2021.

8 Refer to Appendix F for cantonal shares of direct marketing table apples and marketing table
apples via intermediaries.

9 The Swiss apple trading system minimizes transaction costs (Williamson, 1979) by having
major intermediaries jointly collect apples from farms or village collection points and by
establishing major intermediary branches in traditional apple growing regions.
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Producers price

(CHF/kg)
Transaction characteristics Source

Class1 Class2

Direct marketing 3.00-4.00 2.00-2.70
Cosmetic appearance less important,

uncertain demand, immediate payment
Obstverband (2023a)

Marketing via

intermediaries
1.00-1.16 0.45

Cosmetic appearance more important,

more likely formally settled, paid once

apples are sold by intermediaries, subject

to strict low pesticide residue schemes

Agrarbericht ( 2022c) and

Obstverband (2023b)

Table 5 .1: Characteristics of different apple quality classes in Switzerland

Note: These prices refer to price recommendations. Juice apples draw a price of 0.26-0.33
CHF/kg (Obstverband, 2023a). Consumer prices range between3.21-3.57 CHF/kg for
apples of class1 produced under non-organic production methods sold via intermediaries
(Agrarbericht, 2022c). Class1 apples have speci�c criteria regarding appearance, size,
shape, color, and absence of defects or blemishes while class2 may have minor defects,
variations in size or shape, or slight cosmetic blemishes (Obstverband, 2008). Price
difference between class1 and 2 apples in direct marketing is around 1.15 CHF/kg
(3.50-2.35 CHF/kg), while it is around 0.45 CHF/kg ( 1.08-0.63 CHF/kg) in marketing via
intermediaries. Thus, falling from class 1 to class2 is relatively less attractive in marketing
via intermediaries ( 41% vs. 67% of class1 price obtained).

(e.g. appearance, pesticide residue levels). Thus, cosmetic appearance is
given more importance in marketing via intermediaries for two reasons
(e.g. Hernández et al., 2007). First, several farmers deliver apples to in-
termediaries, thus increasing competition for quality, so that apples may
be rejected or downgraded in case of �awed cosmetics (Pimentel, Kirby,
et al., 1993). Second, high cosmetic quality (i.e. class1) generally leads to
products being sold at higher prices, resulting in larger pro�t margins for
intermediaries (Flaherty et al., 1973; Zakowski et al., 2021), while apples
with slight cosmetic blemishes draw lower prices (i.e. class 2). See Table5.1
for producer price difference across the two main marketing channels.

Moreover, marketing apples via intermediaries is subject to two speci�ci-
ties. First, the marketing of apples through intermediaries is more strictly
monitored for pesticide residues on the apples, compared to legal require-
ments. Thus, pesticide spraying programs are adjusted to ensure that the
maximum tolerated residue levels are not exceeded using low-residue pro-
duction schemes (e.g. Ackermann et al.,2021; Gölles et al., 2015). Second,
club varieties are trademarked apples grown in a club system in which
licensees, namely intermediaries negotiate contracts with producers for
growing and marketing these varieties (Legun, 2015). The club coordinates
with growers to maintain particularly high consumer prices and receives a
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share of the revenue in return. Club varieties are premium apples and are
thus subject to particularly high visual requirements. 10

5.2.2 Pesticide use in apple production

Apple production ranks among the most pesticide intensive crops, also
because of the high visual requirements (Simon et al., 2011). 11% of all
pesticides applied in Swiss agriculture are pesticides sprayed in apple
orchards (de Baan,2020). Main pesticides applied are fungicides against
apple scab (Venturia inaequalis) and downy mildew and insecticides which
prevent apples from quantitative and qualitative damage (Gölles et al.,
2015).

A substantial part of pesticides are applied mainly for cosmetic purposes
(Zakowski et al., 2021). Cosmetic pesticide use broadly refers to pesticide
use that goes beyond yield damage abatement and leaves nutritional con-
tent, storage life, or �avor pro�le of the produce unaffected (Pimentel,
Terhune, et al., 1977).11 It thus comprises products that intend to i) min-
imize pest infestations that may cause physical damage to the product
(mainly fungicides for instance against russeting), ii) minimize the physical
presence of insects on products (mainly insecticides) or iii) affect the size
and/or color of the product (e.g. plant growth hormones) (Zakowski et al.,
2021).12 The focus in this study is on pesticides used for color and size
development, thus increasing visual appearance of the apples Roughly 300
kilograms of plant growth hormones are sprayed per year in Swiss pome
fruit orchards that would allow the treatment of 83% of total land under
apples (see Appendix A) (de Baan, 2020).

Color and size development of table apples using plant growth hormones
can be achieved in two ways. First, fruit thinning is a crucial practice in
apple production to reduce fruit quantity per tree and thus achieve good
fruit quality including size and color (Gonzalez et al., 2020; Wertheim, 2000).
Thinning substances are growth inhibiting plant hormones. The extent
to which the crop load needs to be adjusted depends on the marketing
channel. When the fruits are intended for fresh consumption and sold

10 Most relevant club varieties in Switzerland are Jazz ©, Diwa ©, Junami© and Pink Lady © and
are sold at around 5.20 CHF/kg. They contribute to 16% of the total land under apples in
Switzerland (Böhlen et al., 2023).

11 For instance, some cosmetic damage (e.g. bruising) may degrade internal quality (e.g. �avor
or nutritional pro�le) (Miller et al., 1998).

12 Note that some substances can take multiple functions, for instance a plant growth regular
can also act as a fungicides, and vice versa.
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through multiple retailers, more signi�cant reductions or thinning of the
crop are often necessary, because larger fruits are generally preferred by
retailers (Webster et al., 2000). Fruit thinning is thus the most important
yet dif�cult practice that drives orchard pro�tability (Costa et al., 2013).
Mechanical and chemical thinning strategies are available to reduce the
number of apples on the tree (Dennis, 2000). Mechanical thinning includes
hand removal of fruits and machine use to reduce the number of fruits per
tree (e.g. using pressure guns or shakers). Chemical thinning refers mainly
to plant growth hormones, which directly interfere with the plant's hor-
monal system, and thus increase coloring and fruit size (Babcock et al., 1992;
Carneiro dos Santos et al.,2016; Larrigaudiere et al., 1996; Rademacher,
2015; Wang and Dilley, 2001). Hand thinning is often considered unfeasible
due to the associated costs, including labor demand, while mechanical
thinning requires specialized machinery and training systems, lacks fruit
size selectivity, and can harm the tree. Chemical thinning is widely con-
sidered the most effective method, as it can be performed using standard
spray equipment, is cost-effective, and can be carried out quickly during
critical periods (Gonzalez et al., 2020). Second, plant growth hormones can
be directly applied throughout the growing season to increase apple size
and color (Cairney, 2016; Marcelle et al., 1963; Thomas, 1963). Such growth
promoting substances facilitate cell division and elongation (Joshi et al.,
2018; Zhang, Dai, et al., 2024).

However, human health concerns of plant growth hormones have trig-
gered searches for alternatives (Lordan et al., 2018). Several studies point to
potentially harmful effects of exposure to plant growth regulators (Bhado-
ria et al., 2018; Wang, Ma, Jia, et al.,2023; Xu et al., 2019).13 For instance,
the use of plant growth regulators may lead to an increased risk of in-
�ammatory skin and bladder diseases, which is closely linked to cancer
development (Erin et al., 2008). Moreover, plant growth hormones registered
for use in Swiss apple orchards depict an unfavorable toxicological pro�le
(see Appendix A) (e.g. Hodjat et al., 2017). Thus, plant growth regulators
sprayed in orchards for visual purposes pose potential threats to farmers
and nearby communities surrounding apple farms, and have thus been
subject to research aiming at reducing risks of such substances (Winkler
et al., 2016).

13 Refer also to Appendix A for literature on human health effects of plant growth hormones.
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5.3 conceptual framework

Our conceptual framework is based on a two-stage modelling approach in
which farms choose a speci�c marketing channel �rst (e.g. direct marketing
or indirect marketing via intermediaries) and whether to apply cosmetic
pesticides thereafter (see Figure5.2).

Farms take long-term decisions regarding the production, main mar-
keting channel, and determining the level of specialization. This involves
choices related to cultivars, rootstock, tree density, and pruning/training
systems, considering the perennial nature of apple crops (Hester et al., 2003).
This set-up is capital-intensive with high switching costs (e.g. Gardebroek
et al., 2004). Intensive plantations with high output usually opt for indirect
marketing due to large production volumes, relying on this approach for
multiple seasons. Cosmetic pesticide applications, on the other hand, are
considered short-term decisions. Their application (and intensity) varies
across the years and can be done relatively promptly with the machinery
used for standard pest management (i.e. damage abatement).

Figure 5 .2: Two-stage modelling of cosmetic pesticide applications dependent on
marketing channels

Note: direct refers to direct marketing, indirect to marketing via intermediaries. zc stands
for cosmetic pesticide application which is 1 if the farm carries out a cosmetic application
and 0 else. Hence, in our conceptual model cosmetic pesticides are eligible for both main
marketing channel choices made in stage 1.

Farms decide on the main marketing channel in stage 1 by contrasting
pro�ts ( p j ) resulting from producer prices ( pj ) and transactions costs (t j )
associated with marketing channel j which arise due to attributes of the
transaction and characteristics of the actors involved in the transaction (e.g.
Gong et al., 2016; Hao et al., 2018; Hobbs, 1996; Milford, 2014; Mujawa-
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mariya et al., 2013). For simplicity, we here assume two main marketing
channels j 2 f direct, indirectg which are direct marketing or marketing via
intermediaries. For instance, marketing via intermediaries ( j = indirect) re-
sults if p indirect > p direct and thus pindirecty � t indirect > pdirecty � tdirect with
y referring to yields. Producer prices associated with marketing channels
j are exogenously given (see Section2.1), the farm thus decides on the
marketing channel based on transaction cost considerations (t j ) (Hao et al.,
2018). Transaction costs are based on three broad categories, i.e. production-
speci�c assets (e.g. the size of the farm, the level of specialization, training of
the farm manager), transaction uncertainty (e.g. certainty regarding prices
and quality required, trust in the buyer relationship) and geographical
location (e.g. distance to potential buyers, cantonal infrastructure) (Hao
et al., 2018).

In stage 2, farms decide whether to use cosmetic pesticides, given the
main marketing channel chosen. Expected farm pro�ts ( p j,zc) depend on
the marketing channel j and cosmetic pesticide applications (zc), and are
given by:

p j,zc = pj (zc) y � c(zc) x � (za + zc) w � t j (5.1)

y = emxt � m(za) is a standard Cobb–Douglas production function with
inputs ( x) such as fertilizer, soil, labor, capital (e.g. machinery) (Cai et al.,
2021). m(za) refers to the damage abatement component, with za being
pesticides used for damage abatement at pricew (e.g. Babcock et al.,1992;
Lichtenberg and Zilberman, 1986; Skevas et al.,2013). These pesticides are
solely applied to abate quantitative damage to output (i.e. maintain yields
in case of pest infestations).14 However, cosmetic pesticides are applied at
price w to increase the visual quality of the output. This does not affect yield,
but the prices of the output, pj (zc) (Babcock et al.,1992). High cosmetic
quality generally results in selling products at premium prices (Zakowski
et al., 2021). For simplicity, we thus assume prices of the output to take on
two discrete values depending on cosmetic pesticide use (i.e. class1 and
class2 as in subsection 5.2.1) and the marketing channel j:

pj (zc) =

8
><

>:

p+
j , if zc = 1

p�
j , else

(5.2)

14 We assume that damage abating methods are the default to succeed in the production of
marketable apples, while cosmetic pesticide applications are additional methods to end up in
a higher price range.
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Moreover, cosmetic pesticide applications may translate into higher
production-related costs, c(zc), such as additional expenses on labor as well
as machinery and fuel needed to carry out the treatments:

c(zc) =

8
<

:
c+ , if zc = 1

c, else
(5.3)

Therefore, farms decide to use cosmetic pesticides if expected pro�t
differentials of applying cosmetic pesticides (zc = 1) are larger compared
to if no such treatments are carried out for the chosen marketing channel j.
Thus,

Dp j = p j,zc= 1 � p j,zc= 0 > 0 (5.4)

(p+
j y � c+ x � (za + zc)w � t j

| {z }
p j,zc= 1

) � (p�
j y � cx � zaw � t j

| {z }
p j,zc= 0

) > 0
(5.5)

Dp j = ( p+
j � p�

j )y � (c+ � c)x � w > 0 (5.6)

Farms will thus apply cosmetic pesticides if Dp j > 0, meaning that
additional revenue in marketing channel j needs to be larger than total ad-
ditional costs associated with cosmetic pesticide applications (i.e. additional
management costs and product costs):

(p+
j � p�

j )y
| {z }

additional revenue

> (c+ � c)x � w
| {z }
additional costs

(5.7)

Equation 5.7 reports that larger additional revenues in relation to ad-
ditional costs are more pro�table for farms to apply cosmetic pesticides.
Producer price downgrading is larger when marketing via intermediaries
in case of cosmetic �aws (i.e. p�

direct/ p+
direct > p�

indirect/ p+
indirect) (e.g. Babcock

et al., 1992). In addition, larger farms generally have lower costs (e.g. Zhang,
Yu, et al., 2019). Thus, we hypothesize that i) especially large farms ii) mar-
keting mainly indirectly via intermediaries, and/or iii) highly specialized
farms (thus cutting additional costs) can leverage economics of scale and
thus increase their pro�ts by applying cosmetic pesticides (see subsection
5.2.1).
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5.4 econometric modell ing

5.4.1 Main speci�cation

Empirically, we model the use of cosmetic pesticide use as a function of a
farms' marketing channel (i.e. the treatment) as well as other explanatory
variables that might affect the use of cosmetic pesticides. Thus, Cosmeticsi
is a binary variable that is 1 if farm i uses cosmetic pesticide applications
for the purpose of visual quality enhancement, 0 else. We consider two
cosmetic pesticide applications, namely cosmetic pesticide use (e.g. speci�c
fungicides) with the main aim to increase cosmetic appearance of the apples
(e.g. size and color) and chemical thinning for size and color development
of the apples (e.g. plant growth hormones). Treatmenti ,j is a categorical
variable referring to marketing channel j chosen by farm i out of J 2 f 1, 2g.
The control group ( j = 0) are farms which mainly market directly ( 75-100%
of direct sales).15

Treatmenti ,j =

8
<

:
j = 1, if i uses mixed marketing 25-75% of direct sales

j = 2, if i mainly markets via intermediaries 0-25% of direct sales

(5.8)

However, the choice of a marketing channel (i.e. our treatment) may not be
exogenous (see section5.2). For example, using a speci�c marketing channel
may be associated with characteristics of farms, such as their locations,
production systems, level of specializations, etc. which relate to transactions
costs. These same factors may also correlate with the application of cosmetic
pesticides for visual enhancement of the apples, thus potentially biasing
our estimates.16

To account for this potential endogeneity, we follow Deb and Trivedi
(2006a) and Deb and Trivedi ( 2006b) using a multinomial choice model
with endogenous treatment. 17 The use of this model brings two major
advantages. The two-stage estimation strategy allows to control for factors
affecting marketing channel choice as well as unobserved heterogeneity,

15 Refer to Appendix B for the distribution of the treatment variable.
16 For instance, organic producers are more likely to directly market to consumers (Aubert et al.,

2016).
17 This model has been frequently applied in agricultural contexts, e.g. by Park et al. ( 2018),

Manda et al. (2016) or Khonje et al. (2018). The multinomial treatment effects model surpasses
methods like propensity score matching, which have faced recent criticism (e.g. King et al.,
2019), by capturing unobserved heterogeneity in both treatment and outcome speci�cations.
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thus accounting for endogeneity in treatment selection. Second, using latent
factors in the treatment selection allows to capture unobserved character-
istics that affect both, the choice of a speci�c marketing channel and the
use of cosmetic pesticide applications (e.g. ambition of the farm manager,
professional pride). Thus, we assume farm i obtains indirect utility EV �

i ,j
from specializing in marketing channel j. Indirect utility is dependent on
a vector of exogenous covariates (z

0

i ) and latent factors (l i ,j ) that include
unobserved characteristics of farm i's marketing channel choice j and the
use of cosmetic pesticide applications as well as iid errors (Ji ,j ):

EV �
i ,j = z0

i
a
j + dj l i ,j + Ji ,j (5.9)

The vector z0
i includes a rich list of factors which are relevant to explain

the choice of a marketing channel by a farm such as demand side factors
(e.g. proximity to intermediaries, proximity to direct marketing customers),
as well as farm and farmer related variables (e.g. level of specialization,
willingness to takes risks in marketing, etc.). Refer to column 'Treatment
selection' in Table 5.2 for the included variables.

Thereafter, we model the probability of each observed marketing channel
choice (Treatmenti ,j ), given exogenous (z

0

i ) and latent factors (l i ,j ), with a
mixed multinomial logit structure: 18

Pr
�

Treatmenti ,j
�
�
�z0

i , l i ,j
�

=
exp(z0

i aj + dj l i ,j )

1 + å
J
k= 1 exp(z0

i ak + dkl i ,k)
(5.10)

The expected use of cosmetic pesticides by farmi (Cosmeticsi ) is then
given by speci�cation 5.11 below:

E
�

Cosmeticsi jTreatmenti ,j , xi , l i ,j
�

=
J

å
j= 1

b jTreatmenti ,j+

J

å
j= 1

l j l i ,j + x0
i q+ mi

(5.11)

where b j measures the treatment effect of using marketing channel j
relative to the control group on the use of cosmetic pesticide applications by
farm i. Moreover, the use of cosmetic pesticides is affected by unobserved

18 We assume that the control group ( j = 0) obtains EV �
i ,0 = 0 (Deb and Trivedi, 2006a).
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characteristics that affect both, the effect and the treatment, and are esti-
mated with the parameter l j (Deb and Trivedi, 2006a).19 x0

i refers to a vector
of covariates, with corresponding coef�cients q, potentially in�uencing the
use of cosmetic pesticide use (refer to Table5.2 column 'Cosmetic pesticide
use' for the included covariates). Moreover, we account for heteroskedas-
ticity and intra-cantonal correlation in the standard errors mi which may
arise due to cantonal extension provision (N= 17 in our sample) (see also
Wuepper, Roleff, et al. (2020).

5.4.2 Robustness checks

To assess stability of our �ndings as well as identify mechanisms, we con-
duct several further analyses. First, we assess the included variables both
in the outcome (equation 5.11) and treatment selection equations (equa-
tion 5.9) for potential multicollinearity. Strongly correlated independent
variables may give rise to spurious effects, resulting in biased estimates.
Second, we use alternative model speci�cations (compared to equation 5.11)
to estimate the effect of marketing channel choice on cosmetic pesticide
use. Although possibly biased, alternative speci�cations without selection
into treatment prove meaningful to assess model �t as well as unobserved
heterogeneity (Breen et al., 2018). Thus, we estimate our outcome speci-
�cation using a linear probability as well as a logistic model. Third, we
conduct several robustness checks altering the dependent and main ex-
planatory variables. Thus, we use as outcome variables chemical pesticide
use, i.e. whether chemical herbicides are exclusively used to control weeds,
whether only chemical fungicides and insecticides are used (compared to
non-chemical products). Moreover, we use as alternative treatment variable
whether the farm produces club apple varieties. This is relevant because
club varieties are exclusively marketed via intermediaries and are subject
to especially high cosmetic standards. Thus, we use as main explanatory
variable whether i) the farm markets apples with a club label, ii) the number
of club varieties grown on the farm and iii) the land share devoted the club
varieties. Last, we estimate equation 5.11 without organic producers (N= 36)
for the chemical cosmetic thinning speci�cation since in organic production
chemical thinning is prohibited.

19 We use the MTREATREG module in Stata to estimate the model with maximum simulated
likelihood estimation using standard parametrization with S= 30 (Deb, 2009; Deb and Trivedi,
2006b). The results also remain robust when using S=75, 400or 2000Halton sequence-based
quasirandom draws per observation (Appendix D).
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5.4.3 Data

We use survey data collected by Zachmann et al. (2023b) from 242apple
growers in Switzerland, representing 24.1% of the total land under apples in
Switzerland ( 889ha). The focus of the survey was speci�cally on marketing
characteristics of the farms as well as on-farm pest management strategies,
including cosmetic pesticide use, in the Swiss-German and French-speaking
parts of the country. 20 Figure 5.3 visualizes the spatial reach of the sample
as well as the heterogeneity in terms of marketing channels used. Figure
5.3 shows that farms which market the majority of their apples via inter-
mediaries (i.e. to traders, cooperatives, or supermarkets/shops) (dark blue)
are mainly located in clusters in the three largest apple-producing cantons,
namely Thurgau ( 30.8% from total land under apples in Switzerland), Valais
(27%) and Vaud (15.7%), as well as in central Switzerland (Böhlen et al.,
2022).21 Direct marketers (dark orange), on the other hand, are spread
across the country.

Figure 5 .3: Spatial visualization of the sample (N= 242)

Note: The scatters are randomly positioned in the municipalities and do not represent the
actual locations of the farms to keep the farms anonymous.

20 The French- and German-speaking parts of Switzerland account together for 99.93% of the
land under apples in Switzerland (Böhlen et al., 2022).Thus, we did not survey farmers in
other language regions of Switzerland.

21 These clusters are in close distance to major hubs of supply chain intermediaries such as apple
traders and cooperatives.
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We drop 46 farms which indicate that they do not market table apples
(i.e. produce only juice apples), resulting in the �nal sample of 196obser-
vations. Our �nal sample consists of farms that are specialized in mainly
selling indirectly via intermediaries (< 25% direct sales, N=114) or directly
to consumers (>75% direct sales, N=50). In between, there are 32 producers
using mixed marketing ( 25-75% of direct sales) (see Appendix B).

In the survey, two questions were asked to elicit the application of cos-
metic pesticides. First, apple growers were asked whether they apply pesti-
cides which mainly serve the visual appearance of the apples.22,23 Second,
apple growers were asked whether they use thinning methods in their
orchard, ranging from no thinning to manual, mechanical, biological, or
chemical thinning. In case thinning methods were applied, growers were
asked for the reasons behind thinning, allowing us to identify chemical thin-
ning for visual purposes of the apples (i.e. size and color development). 24

Table 5.2 describes the included variables in our econometric model.
The column 'Cosmetic pesticide use' includes all variables that we use to
model the application of cosmetic pesticides (i.e. x0

i in equation 5.11), while
'Treatment selection' depicts the variables used to predict the choice of a
marketing channel, our treatment (i.e. z0

i in equation 5.9). As motivated in
section 5.3, transaction costs largely determine the choice of a marketing
channel. Consequently, we include variables related to geographical loca-
tion, production-speci�c assets, and transaction uncertainties as predicting
variables (see Hao et al., 2018). For cosmetic pesticide use, we include
variables identi�ed from the literature such as pest pressure, application
machinery, farm size, whether the farm is insured against hail damage,
weather club varieties are grown, and whether the visual appearance of the
apples is stipulated in a contract with the buyer.

22 The answer options were yes or no. In case the growers ticked yes, they were also asked which
products they apply for this purpose. However, many answers were unspeci�c, making it
impossible to use this information further.

23 Note that we keep organic producers in our sample because they can generally use cosmetic
pesticides (e.g. potassium bicarbonate), however the majority uses chemical pesticides.

24 Elicited reasons for thinning were: i) to achieve good fruit size, ii) develop good fruit color, iii)
alternance regulation, iv) avoid damage to the tree or v) other reasons for thinning (open text
question).
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Inclusion in equation:

Variable Description Coding Cosmetic
pesticide
use (5.11)

Treatment
selection
(5.9)

References
G

eo
gr

ap
hi

ca
ll

oc
at

io
n

Distance to
intermedi-
ary

Distance to nearest intermedi-
ary in kilometer

Numeric X

Bundesamt für Statistik ( 2022),

Bundesamt für Statistik ( 2019)
Distance to
direct buy-
ers

Population per squared kilome-
tre per postal code

People/km 2

(Numeric)
X

Pest pres-
sure

Apple scab infection risk aver-
aged between 2020 and 2021
per weather station

% (Numeric) X Werthmüller et al. ( 2017)

Canton Cantonal �xed effect Factor X X Wuepper, Roleff, et al. (2020)

P
ro

du
ct

io
n-

sp
ec

i�c
as

se
ts

(p
hy

si
ca

la
nd

hu
m

an
)

Specialization The contribution of apple pro-
duction to the farmer's earn-
ings

0: 0%; 1: 1-
25%; 2: 26-
50%; 3: 51-
75%; 4: 76-
100%

X

Hand appli-
cation

Pesticides are applied by hand
(i.e. with a hand sprayer or
gun)

Yes: 1; No: 0
(binary)

X

Farm size The size of the farm (in
hectare)

Numeric X X

Organic The farm produces under or-
ganic production standards

Yes:1; No: 0

(binary)

X X Aubert et al. ( 2016)

Training Farmer has further training in
plant protection

X X

Insurance The farm has insurance to pro-
tect against hail damage

X Möhring, Dalhaus, et al. ( 2020)

Private ex-
tension

Seeking information regarding
pest management from private
actors only

X Wuepper, Roleff, et al. (2020)

Low-
residue

The farm aims at minimizing
pesticide residues on the ap-
ples

X Gölles et al. (2015)

Club The farm uses the club label for
marketing

X

Production
risk prefer-
ences

The risk that the farmer is will-
ing to take in the production of
apples

from 0
(= Not willing

to risk) to 10 = Very

willing to risk)

X

Knapp, Wuepper, and Finger ( 2021)

Marketing
risk prefer-
ences

The risk that the farmer is will-
ing to take in marketing and
prices

X

Tr
an

sa
ct

io
n

un
ce

rt
ai

nt
ie

s

Contract Visual appearance of the ap-
ples is stipulated in a contract

Yes: 1; No: 0
(binary)

X Wang, Wang, et al. (2018)

Prices The farmer has experience re-
garding the prices offered by
buyers in advance 1: Does not apply at all;

2: Does not apply;

3: Neutral;

4: Applies;

5: Applies in full

X

Hao et al. (2018)Quality The farmer has experience re-
garding the quality require-
ments of the buyers in advance

X

Trust The farmer has experience that
the buyers have only the best
intentions

X

C
on

tr
ol

s

Age Farmers' age in years Numeric X X

Female The farmer is female Yes:1; No: 0 X X

Table 5 .2: Description and coding of variables included in outcome equation (eq.
5.11) and treatment selection equation (eq. 5.9)

Note: Private extension actors are pesticide manufacturers and apple traders.
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5.5 results

5.5.1 Descriptive statistics

Table 5.4 reports descriptive statistics. 23% of the producers in the sample
use cosmetic pesticides for the main purpose of the visual appearance of the
fruits, while 59% of the producers indicate that they use chemical thinning
for the purpose of size and color development of the apples. Cosmetic
pesticide use increases with the intensity of marketing via intermediaries (i.e.
from mainly marketing directly to mainly marketing via intermediaries).

Moreover, Table 5.4 shows that farms which mainly market via intermedi-
aries are considerably larger, produce apples under low-residue production
schemes, grow club varieties, and have visual requirements of the apples
speci�ed in contracts. Moreover, the share of premium and class 1 apples is
higher. However, farms which market mainly via intermediaries are less
likely to be organic producers.

5.5.2 Regression results

Table 5.6 reports estimated coef�cients from speci�cation 5.11. Columns
1 and 2 report the outcome equations of the effect of marketing channel
choice on cosmetic pesticide use, showing coef�cient estimates for cosmetic
pesticide use for visual purposes in column 1 and for cosmetic chemical
thinning for visual purposes in column 2.

We �nd signi�cant and large treatment effects. Speci�cally, farms which
mainly market via intermediaries to consumers are 29.6% more likely
to spray cosmetic pesticides for visual purposes, as compared to farms
mainly marketing directly to consumers (i.e. the reference group). Similarly,
farms which mainly market via intermediaries are 23.9% more likely to
use chemical thinning for visual purposes (i.e. size and color of the apples)
compared to the reference group. We �nd that for cosmetic pesticide and
chemical cosmetic thinning use, farms which have a mixed marketing
strategy do not differ compared to direct marketing farms. Moreover, we
�nd that farms which apply pesticides by hand are less likely to use
cosmetic pesticides, as compared to more specialized farms which use
machines to carry out the treatments. We �nd mixed results for the effect
of farm size on cosmetic pesticide use. While larger farms are more likely
to use cosmetic pesticides for visual purposes, we �nd the opposite effect
for cosmetic chemical thinning for visual purposes.
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Marketing channel (% direct sales)

Total Mainly di-
rect marketing
(>75%)

Mixed-
marketing
(25%-75% direct
sales)

Mainly market-
ing via interme-
diaries (< 25%)

(N=196) (N=50) (N=32) (N=114)

Cosmetic pesti-
cide application

No 150(77%) 43 (86%) 27 (84%) 80 (70%)

Yes 46 (23%) 7 (14%) 5 (16%) 34 (30%)

Cosmetic chemi-
cal thinning for
size and color

No 80 (41%) 34 (68%) 16 (50%) 30 (26%)

Yes 116(59%) 16 (32%) 16 (50%) 84 (74%)

Total land under
apples (are)

Mean (SD) 410(± 640) 130(± 300) 160(± 320) 610(± 740)

Organic produc-
tion

No 160(82%) 37 (74%) 27 (84%) 96 (84%)

Yes 36 (18%) 13 (26%) 5 (16%) 18 (16%)

Low-residue pro-
ducer

No 38 (19%) 13 (26%) 12 (38%) 13 (11%)

Yes 158(81%) 37 (74%) 20 (62%) 101(89%)

Club apple pro-
ducer

No 173(88%) 50 (100%) 31 (97%) 92 (81%)

Yes 23 (12%) 0 (0%) 1 (3%) 22 (19%)

Visual appear-
ance speci�ed in
contract

No 162(83%) 50 (100%) 69 (91%) 83 (73%)

Yes 34 (17%) 0 (0%) 3 (9%) 31 (27%)

Premium & class
1 quality (%)

Mean (SD) 69 (± 28) 64 (± 37) 60 (± 31) 74 (± 21)

Class 2 quality
(%)

Mean (SD) 26 (± 25) 32 (± 36) 33 (± 28) 20 (± 15)

Table 5 .4: Descriptive statistics of the �nal sample (N= 196)
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Moreover, we �nd signi�cant evidence of selection bias associated with
unobservable factors in the cosmetic pesticide, but not in the chemical
cosmetic thinning speci�cation. The coef�cients corresponding to the latent
variables, l Mixed marketing and l Marketing via intermediaries, exhibit a negative
sign, indicating that farms with a greater propensity for non-direct mar-
keting, based on their unobservable characteristics, tend to use cosmetic
pesticides less frequently. Refer to Appendix E for full regression output
including all variables in the outcome speci�cation and treatment selection
equations.

Cosmetic pesticide

application for

visual purposes

(Yes: 1; No: 0)

Cosmetic chemical

thinning for

visual purposes

(Yes: 1, No: 0)

(1) (2)

Manly direct marketing (> 75% of direct sales)
Reference

group

Reference

group

Mixed marketing ( 25-75% of direct sales)
0.011

(0.0499)

0.194

(0.3816)

Mainly marketing via intermediaries

(<25% of direct sales)

0.296***

(0.049)

0.239***

(0.0725)

Hand application (as compared to

specialized machine application; Yes: 1, No: 0)

-0.137***

(0.023)

-0.382***

(0.0778)

Farm size (in hectares)
0.001***

(0.0002)

-0.001**

(0.0005)

l Mixed marketing
-0.240***

(0.0264)

-0.169

(0.3661)

l Marketing via intermediaries
-0.382***

(0.0085)

-0.072

(0.0611)

Constant Yes Yes

Controls Yes Yes

Cantonal �xed effects Yes Yes

N 194 194

Table 5 .6: Regression output estimating the effect of marketing channel choice
on cosmetic pesticide use (equation 5.11)

Note: Signi�cance levels are 95% (**) and 99% (***). 2 observations are dropped due to
missing information. See Table 5.2 for details on the included variables.
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5.5.3 Robustness checks

Our results remain robust to several further checks and analyses.
First, we �nd similar results when dropping correlated variables in both

the treatment selection and outcome speci�cation (see Appendix C 1).
Second, alternative model speci�cations show that our treatment effects

remain robust (see Appendix C 2). Using a linear probability model to esti-
mate the effect of marketing channel choice (without selection into treatment
and accounting for unobserved heterogeneity), we obtain similar results in
the cosmetic chemical thinning, but not in the cosmetic pesticide use speci-
�cation. In the former case, we recover the estimated coef�cients and their
precision in the linear probability model compared to the main speci�cation
with an adj. R2 of 0.468. However, for cosmetic pesticide use, the coef�cient
on marketing via intermediaries is substantially smaller compared to the
main speci�cation in Table 5.6, and even statistically insigni�cant when con-
trolling for confounders (adj. R2 is 0.09). In the main model shown in Table
5.6 (column 1), however, we report considerable unobserved heterogeneity
of factors affecting both the selection into treatment and the outcome (i.e. l ).
Moreover, we obtain similar results using a logistic speci�cation, thus con-
�rming that coef�cients from linear probability models are closely related
to average marginal effects from a logit model (Breen et al., 2018). Thus,
we conclude that the multinomial treatment effects model, without which
we would obtain biased estimates resulting from unobserved heterogeneity
and selection into treatment in the cosmetic pesticide use speci�cation is an
accurate choice for the purpose of our analysis.

Third, altering the dependent variable to other pesticide use (i.e. herbicide
use only, chemical fungicides and insecticide use only without non-chemical
alternatives) shows that farms mainly marketing via intermediaries do
not depict greater use of only chemical pesticides overall (Appendix C 3).
Moreover, changing the main explanatory variable to club characteristics,
we �nd that especially farms which market apples under the club label
and grow club varieties use cosmetic chemical thinning more frequently, at
22.6% and 13.6% respectively (Appendix C 4).

Fourth, we �nd that when excluding organic producers from the chemical
cosmetic thinning speci�cation that our treatment effect increases to 0.42, as
expected, since organic producers are not allowed to use chemical thinning
methods thus reducing the effect (Appendix C 5).
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5.6 discussion and policy implications

We �nd that a large part of our sampled farms apply cosmetic pesticides
for visual purposes. These farms mainly market via intermediaries to
consumers, thus emphasizing the role of the downstream supply chain.
Moreover, these farms are more specialized thus mainly con�rming our
hypotheses derived in section 5.3.

Cosmetic pesticides in our context refer to applications aiming at increas-
ing visual product quality and as such go beyond damage abatement whose
focus is on food security. The current food system that supports cosmetic
standards, and thus requires cosmetic pesticide use, hinders the transition
towards a sustainable agricultural system (Zakowski et al., 2021). Reducing
cosmetic pesticide use which is of human health concern reduce trade-offs
between policy goals (e.g. human health protection vs. food security) and
represents thus a sweet spot for agricultural policy aiming at reducing
pesticide use risks without compromising food security (Confederation,
2024; Huber, 2022).

Our results indicate that especially farms which mainly market indirectly
via intermediaries and retail to consumers make use of cosmetic pesticides,
as compared to direct marketers. Farms relying on intermediaries face high
market pressure to meet quality standards set by intermediaries or retailers,
and as such risk signi�cant economic losses if apples are downgraded
due to cosmetic �aws (e.g. Hernández et al., 2007). The use of cosmetic
pesticides may be seen as a risk reducing strategy to meet those require-
ments.25 Moreover, in retail settings market transactions primarily hinge on
observables like visual quality, as opposed to direct marketing, where cer-
tain unobservables such as pesticide use may be effectively communicated
through producer-consumer interactions.

5.7 conclusion and policy implications

Pesticides are used to protect yields, and to enhance the visual quality of
agricultural goods, such as table apples, thus affecting their sales price.
We here examined the in�uence of the supply chain on farmers' use of
cosmetic pesticides aimed at improving the appearance of table apples.
We �nd that a large number of our sampled producers in Switzerland
make use of cosmetic pesticides (i.e.23.5% use cosmetic pesticides for

25 We �nd no evidence that visual characteristics speci�ed in contracts with intermediaries drive
cosmetic pesticide use at the farm.
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fruit appearance (i.e. size and color) and 59.2% employ chemical thinning
for size and color development). Speci�cally, we �nd that farms which
primarily market via intermediaries to consumers are 29.6% more likely to
use cosmetic pesticides for visual purposes and 23.9% more likely to use
chemical cosmetic thinning, compared to farms mainly marketing directly
to consumers.

Our �ndings have important implications for agricultural policy. First,
a large part of pesticide use on table apple production is focused on vi-
sual quality. Thus, reducing this type of pesticide use is an entry point for
policies enabling to reduce pesticide risk for the environment and human
health without reducing crop yields and nutritional quality. Second, facili-
tating direct marketing schemes, with short supply chains, which place less
emphasize on visual characteristics of table apples might prove bene�cial
for reducing pesticide risks without compromising yields. Third, given that
marketing via intermediaries is the dominant marketing channel in Switzer-
land and beyond (Gramm et al., 2019), agricultural policy interventions may
also focus on downstream supply chain actors. Such a step would imply
that a targeted policy approach could focus on a smaller number of actors
i.e. the intermediaries (e.g. Kanter, Bartolini, et al., 2019). Implementing
regulations or guidelines for intermediaries to place less emphasis on visual
appearance, complemented by campaigns advocating for visually imperfect
produce, and thus to encourage the reduction of cosmetic pesticides can
have a signi�cant impact on the overall pesticide usage in the agricultural
sector. By addressing the practices of intermediaries, agricultural policy can
also effectively and timely in�uence the choices made by farms and subse-
quently promote more sustainable and environmentally friendly farming
practices. Thus, placing less emphasis on visual appearance of the product,
but making information available at the point of sales regarding nutritional
values or pesticide treatments and/or residues may be a practical policy
conclusion, expanding beyond the level of the farm, thus minimizing un-
necessary risks of pesticide exposure without compromising food security
(Möhring, Ingold, et al., 2020; Pimentel, Kirby, et al., 1993). Fourth, public
policy may subsidize mechanical cosmetic methods, which come at higher
costs, or private policies may compensate growers via price premia from
labels.

Our study has implications for future research. Our results call for further
investigations on farm behavior as a response to supply chain characteristics.
For example, using more detailed data on cosmetic pesticide use intensities
and supply chain characteristics, in different contexts, crops and market
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environments may advance the knowledge of the drivers and impacts of
cosmetic pesticide use, informing the design of more targeted and effective
agricultural policies and practices.

5.8 appendix

Appendix material for this chapter is available here via https://polybox.

ethz.ch/index.php/s/uudBj4ciefGruDk .
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S U M M A RY

6.1 overarching conclusion

Pesticides are crucial for agricultural productivity, yet their use has severe
negative impacts on human and environmental health. Alongside societal
demands, many countries around the world including Switzerland have
thus initiated ambitious pesticide reduction plans targeting sharp pesticide
use and risk reductions. However, as of today, many targets remain unmet.

Given the large contribution of perennial crops to overall pesticide con-
sumption in agriculture, they represent a key entry point for pesticide
reductions. However, pesticide use reductions in perennial crops are more
challenging to achieve compared to annual crops due to, among other
things, increased pest pressure. At the same time, pest management at the
farm is in�uenced by various actor types along the food value chain, with
differing motives of information uptake, sharing or pass-on.

This thesis provides four chapters (and four supporting appendices) to
study the farm-level uptake of low- or no-pesticide practices in perennial
crops leaving yields unaffected (see �gure 6.1). Speci�cally, the thesis high-
lights that grapevine growers in Switzerland expect to signi�cantly increase
the land share devoted to fungus-resistant varieties that allow substantial
pesticide use reductions at non-decreasing production quantity within the
next ten years. However, personalized information provision about the
use of environmentally toxic fungicides (e.g. by public authorities) has
limited power to nudge grapevine growers to shift towards an increase in
the land share devoted to these varieties. Instead, providing growers who
have intervention incompatible beliefs with personalized information may
lead to boomerang effects (i.e. socially undesired behaviour). On the other
hand, allowing fungus-resistant varieties to be eligible for geographical
denominations by public authorities stimulates their uptake at the farm,
allowing for the implicit information transmission between producers and
consumers. Yet, the eligibility effect is smaller for fungus-resistant varieties
compared to traditional varieties. Similarly, the closer the producer is to
the �nal consumer of wine (i.e. direct marketing), the more likely it is that
fungus-resistant varieties are cultivated. Finally, the use of cosmetic pesti-
cides that target the visual quality of agricultural products (i.e. their size
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and color) without affecting production quantity is higher if raw products
are marketed via intermediaries.

Figure 6 .1: Graphical summary of the thesis

Note: The �gure shows the �ndings of the thesis. Chapter 2 provides a general outlook on
the uptake dynamics of fungus-resistant varieties, while chapter 3 studies explicit and
personalized information provision to trigger the uptake of these varieties. Chapter 4
assesses the effect of geographical denominations on the uptake of fungus-resistant
varieties. Finally, chapter 5 investigates the role of intermediaries on the use of cosmetic
pesticides. Moreover, appendices A.1 and A.2 provide the databases for the empirical
papers, appendix A.3 studies the length of the supply chain on the use of fungus-resistant
varieties, while appendix A. 4 provides conceptual background on information uptake and
actor motives.

6.2 policy recommendations

Given the large expected increase in the land share devoted to fungus-
resistant varieties within the next ten years, which would have massive
implications for pesticide use in Swiss agriculture at large, policy shall
support this process further. Moreover, agricultural policy shall focus on
the reduction of cosmetic pesticide applications. Below are �ve practical
policy considerations.

First, partnerships between grapevine growers (associations) and industry
organizations like retailers and cooperatives can expand outreach to growers
and consumers, and reducing risks and costs in adopting fungus-resistant
varieties. Large industry cooperations can help decrease pesticide use and
risks timely and effectively across the sector.
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Second, to promote the uptake of fungus-resistant varieties, policymak-
ers can include them in geographical denomination catalogues. This may
may be particularly bene�cial for producers selling mainly through retail
channels. Furthermore, additionally labeling wine produced from such va-
rieties and effectively communicating their pesticide reduction potential to
consumers can serve as complementary and advantageous policy measures
to encourage their widespread adoption.

Third, agricultural policy can promote the adoption of fungus-resistant
varieties among grapevine growers by facilitating experience exchange
and ensuring the availability of suf�cient planting material. Knowledge
sharing through demonstration plots, trials, and evaluations can enhance
self-ef�cacy and positively in�uence future uptake.

Forth, personalized information provision may be a cost-effective strat-
egy to reduce pesticide use for a responsive sub-population only, with
information campaigns and agricultural extension informing growers about
environmental bene�ts of sustainable practices and enlarge the responsive
population. Information providers must exercise caution when offering
growers personalized information which is incompatible with their existing
beliefs, as this may unintentionally trigger undesired behaviors.

Fifth, targeting intermediaries can reduce pesticide usage on farms.
Rather than dealing with numerous diverse farms, a focused policy ap-
proach can concentrate on a smaller number of intermediaries. Expanding
pesticide regulations or guidelines into intermediaries can promote low-
pesticide practices without compromising food security. Emphasizing nutri-
tional information and pesticide treatments/residues at the point of sale,
rather than visual appearance, may be a practical policy recommendation.

The optimal policy mix towards low- or no-pesticide practices in perennial
crops should thus entail a blend of multiple instruments, combining public
and private tools and engaging up- and downstream actors along the
food-value chain as well as producers.

6.3 limitations

It is crucial to acknowledge several limitations of this thesis, mainly centered
around data, generalizability of the �ndings, and economic modelling.

First, while the collected sample is representative for key observable
variables, it remains unclear whether the sampled farmers are also repre-
sentative to the broader population concerning unobservable factors. The
utilization of cross-sectional data poses challenges in capturing dynamic
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changes over time, which is particularly pertinent for perennial crops with
extended production cycles. While long-term panel data would allow the ob-
servation of changes in actual practices, this thesis relies on cross-sectional
data concerning stated behavior. Additionally, the samples' size may serve
as a constraint, in�uencing the study's power to detect effects. Considering
the long-term nature of some variables (e.g. future use of fungus-resistant
varieties), it is essential to acknowledge the potential relevance of measure-
ment error, given the inherent dif�culty in projecting far into the future.

Second, the �ndings derived from the Swiss context in this thesis might
not universally apply to different agricultural settings, such as other crops,
political or market settings.

Third, simplifying assumptions to abstract complex decision-making
processes (e.g. �nite horizons, linearity) may fail to overlook the dynamic
and evolving nature inherent in agri-economic systems, and particularly
for perennial crops.

These limitations call for future research.

6.4 avenues for future research

Future research in the realm of low- or no-pesticide practices offers several
promising avenues across context, data, and methods.

Contextually, exploring diverse countries and contexts (e.g. different
crops) through case studies could provide valuable insights into the factors
in�uencing the adoption of sustainable pest management practices without
compromising yields. Combining insights from speci�c case studies in
meta-analyses may shed light on generalizable �ndings and pave the way
for more sustainable farming practices.

In terms of data, shifting from cross-sectional to panel data may capture
temporal changes, allowing for a more nuanced analysis of the dynamic
patterns towards sustainable pest management practices in perennial crops.
Moreover, delving into plot-level characteristics, as opposed to farm-level
factors, offers a more granular perspective on factors shaping pest manage-
ment decisions.

Methodologically, embracing transdisciplinary research approaches that
involve stakeholders across the entire supply chain may have the potential
to explore both privately-driven in�uences, such as industry or association
initiatives, and publicly-driven impacts, including direct payments, to en-
hance our understanding of the potential to sustainable transformation of
pest management decision. Furthermore, employing novel methods to relax
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functional form assumptions and explore heterogeneous treatment effects
may offer new avenues for a richer and more nuanced understanding for
policy and science surrounding sustainable pest management practices in
perennial crops.

6.5 author contributions

Chapter 2: Lucca Zachmann (LZ) conceptualized the study, cleaned and
prepared the data, carried out the statistical analyses and prepared the
�gures and tables. LZ wrote the original draft of the manuscript. All
authors (CMC: Chloe McCallum and RF: Robert Finger) reviewed and
commented on various versions of the manuscript. All authors read and
approved the �nal manuscript. RF secured funding for all studies.

Chapter 3: LZ and CMC conceptualized the study. LZ cleaned and pre-
pared the data, carried out the statistical analyses and compiled the
�gures and tables. LZ wrote the �rst draft, CMC and RF commented and
edited the manuscript at various stages. All authors read and approved
the �nal manuscript.

Chapter 4: LZ conceptualized the study, developed the methodology, and
prepared the original draft of the manuscript. LZ prepared, visualized,
and analyzed the data. CMC and RF supported the conceptualization
of the study and provided reviewing and editing of the manuscript at
various stages. All authors read and approved the �nal manuscript.

Chapter 5: LZ conceptualized the study, cleaned and prepared the data,
carried out the statistical analyses and prepared the �gures and tables.
LZ wrote the original draft of the manuscript. All authors reviewed and
commented on various versions of the manuscript. All authors read and
approved the �nal manuscript.

Appendix A. 1 and A.2: LZ and CMC designed, implemented and carried
out the questionnaire/survey. RF provided feedback at various stages.
LZ cleaned, prepared and visualized the data. LZ wrote the �rst draft,
CMC and RF commented on the draft during multiple feedback rounds.

Appendix A. 3: RF wrote the �rst draft of the article. LZ prepared, analyzed
the visualized the data. LZ designed the empirical strategy and carried
out the estimations. CMC wrote the conceptual background section, LZ
wrote the econometric strategy section. All authors provided feedback
on the entire document during multiple rounds.
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Appendix A. 4: Benjamin Hofmann led the integration, writing, and revi-
sion process under Sabine Hoffmann's supervision and, together with
Karin Ingold, Christian Stamm, and Sabine Hoffmann, developed the
basic ideas and the introduction, theoretical part, re�ections, and con-
clusion. All the authors contributed to conceptual development (incl.
�gures), to the writing of the empirical part (incl. boxes), and to improv-
ing the ideas and style of the paper.
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a.1 data on swiss grapevine growers ' production , pest man -
agement and risk management decisions

We present survey data from 436 grapevine growers across Switzerland
and their production, pest, and risk management decisions. The online
survey was conducted in spring 2022in the three main of�cial languages
in Switzerland (German, French, Italian). The survey was used to obtain
information on variety choice and farm management strategies, as well
as farmer, farm, and spatial environmental characteristics. Moreover, we
collected information around fungus-resistant grapevine varieties such as
knowledge, attitudes, and perceptions of these varieties. We also elicited the
current cultivation and growers' intentions on future acreage under these
varieties. In addition, data were collected on growers' pest management
strategies against weeds, insects, and fungi. Characteristics of the farm
manager collected include education, farming goals, wine-related exper-
tise, and information sources used. Information about the farm consist of
marketing channels, labels, direct payment schemes, production systems
and pesticide application machinery, among other details. Moreover, risk
and time preferences, self-ef�cacy and locus of control were collected via
self-assessed scales. The survey data were matched with spatial climatic
data on municipality level (e.g. on temperature, precipitation, the number
of yearly hail days, average sunshine duration and relative humidity) as
well as pest pressure (e.g. infection risk by Oidium and Peronospora viticola)
at weather station level.

Keywords: Viticulture, Fungus-resistant, Grapevines, Pest management,
Pesticide use, Sustainable agriculture, Risk management

This section is published as: Zachmann, Lucca, Chloe McCallum, and Robert
Finger. “Data on Swiss Grapevine Growers' Production, Pest Management
and Risk Management Decisions.” Data in Brief 51 (December 2023): 109652.
https://doi.org/10.1016/j.dib.2023.109652 .
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a.1.1 Value of the data

• Farm-level data collection speci�cally about the adoption of and percep-
tions about fungus-resistant grapevine varieties, which can substantially
contribute to pesticide risk reduction in viticulture without compromis-
ing yields.

• Increasing pest pressures in vineyards make this data vital for other
countries to understand the adoption of fungus-resistant grapevine
varieties.

• Researchers, policy makers, and food-value chain actors can use the data
to understand barriers and determinants of the adoption of fungus-
resistant grapevine varieties.

• On-farm pest management decisions are in�uenced by environmental
conditions; here presented survey data is thus matched with secondary
data on temperature, precipitation, number of yearly hail days, aver-
age sunshine duration and relative humidity as well as with fungal
pest pressure information (i.e. infection risk by Oidium and Peronospora
viticola)

• The data on production choices, pest management and risk manage-
ment strategies used in grapevine production as well as the treatment
experiment, combined with extensive collection of data about farmer
and farm characteristics as well as behavioral characteristics, allows
for standalone research and comparison with other studies as well as
merging with complementing databases. Moreover, the data can be used
in meta-analyses and replication studies.

a.1.2 Data description

We collected survey data from 436grapevine growers in Switzerland about
their production, pest management and risk management decisions. We
asked producers about their current pest management practices and future
plantation expectations. We particularly focused on pest management,
the uptake of fungus-resistant grapevine varieties, and farm and farmer
characteristics. The data collection was carried out with an online survey
from January 13th to April 8th 2022in German, French and Italian. 1 Refer to

1 We contacted the farmers either in German, French or Italian (the main of�cial languages
in Switzerland) based on the main language spoken in their municipality. We shared email
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Figure A.1 for an overview of the sample. The dataset, survey and codebook
describing the variables are available online on the ETH Zürich Research
Collection: https://doi.org/10.3929/ethz-b-000568595

Figure A.1: Sample overview

Note: Scatters in darker colors refer to more than one observation in a municipality. The
scatters are randomly positioned within municipalities and do not represent actual
locations of the farms. This is done for con�dentiality reasons.

In the survey, we collected extensive data related to fungus-resistant
grapevine varieties including growers' current and intended future cultiva-
tion, their perceptions and knowledge related to fungus-resistant varieties
and information sources they use. This is relevant because fungus-resistant
grapevines are the most effective strategy to reduce pesticide use in viticul-
ture without compromising yields (Viret et al., 2019). A wide range of pest
management strategies (e.g. pest control strategies against weeds, insects,
and fungi, and pesticide use) were also collected. Farm (e.g. size, produc-
tion system, focus) and farmer (e.g. age, gender, education) characteristics

invitations with 2'346grapevine growers who had previously taken part in surveys and/or
were registered on SwissWine, the online platform of the Swiss Vine and Wine Association.
See details below and in Zachmann et al. (2023c). We thus followed a convenience non-random
sampling approach. Refer to Appendix C for the survey questionnaire.
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were collected. Moreover, risk preferences in four domains (production,
agriculture, marketing and plant protection) and time preferences were
elicited using self-assessment questions (following Dohmen et al., 2011;
Falk et al., 2018). Finally, data collected also include information on locus
of control and self-ef�cacy. The data collection builds on work by Knapp,
Bravin, et al. (2019).

The collected data covers2'112.2 hectares of acreage under grapevines,
representing 14.4% from of�cial cultivation area in Switzerland (see Table
A.1).

Sample Switzerland Reference for Switzer-
land

Farmer characteristics

Age 899ha (24.4%) 3'686.9 ha Widmer ( 2021)

Female farmers 152ha (19%) 271.5 ha (16.7%) Bundesamt für Statistik
(2019)

Farm characteristics

Organic producers 20% 15% Widmer ( 2021)

Farm size (in ha) 6.9% 6% Widmer ( 2021)

Grapevines

Land under grapevines (in ha) 2'112.2 (14%) 15'038 Bundesamt für Land-
wirtschaft ( 2022a)

Share of fungus-resistant varieties 4.9% 3% Bundesamt für Land-
wirtschaft ( 2022a)

Share of red varieties 57% 56% Bundesamt für Land-
wirtschaft ( 2022a)

Table A.1: Sample representativeness in terms of observable characteristics.

Note: The table provides characteristics of observable variables of our sample comparing
mean values for Swiss agriculture at large, depicting representative values for the relevant
statistics. For instance, the share of organic producers, the share of fungus-resistant
varieties and variety color our sample matches closely with the Swiss population of
farmers at large. The sample slightly over-represents older and female growers, and
includes smaller farms compared with national statistics. Note, however, that vineyards or
specialty crop farms in general are typically smaller compared to farms specialized in
arable crop production.

Figure A.2 shows sample representativeness in terms of variety types
(i.e. areas devoted to fungus-resistant and European varieties). The �gure
shows that our survey is representative in terms of land devoted to fungus-
resistant varieties vis à vis European varieties, with a share of land devoted
to fungus-resistant varieties of 4.9%, while of�cial cultivation data is 3%
(Bundesamt für Landwirtschaft, 2022a).
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Figure A.2: Sample representativeness in terms of variety types (Fungus-resistant
vs. European varieties)

We combined survey data with meteorological data from 102 weather
stations across Switzerland. The matching of farms participating in the
survey and weather stations was based on a farm's zip code, i.e. taking the
closest weather station for each farm. More speci�cally, we used daily data
from Agrometeo (Dubuis, Bleyer, et al., 2019) from the years 2012to 2021
which is one year prior to survey data collection. 2 We constructed yearly
average values for temperature, precipitation and relative humidity. To infer
to fungal disease pressure, we also match each record with Oidium (pow-
dery mildew) and Peronospora viticola(downy mildew) infection risk indices
(Dubuis, Bloesch, et al.,2014). Moreover, we calculated yearly summations
for the daily Oidium and Peronospora viticolarisk indices to measure overall
yearly pest pressure. The indices calculate infection risk from Oidium and
Peronospora viticola, respectively, based on meteorological conditions (tem-
perature, precipitation, and relative humidity) and the ontogenic resistance
of the bunches to infection (Dubuis, Bloesch, et al., 2014). For example, the
organs and tissues of the grapevines have different infection sensitivity
during their development stages. Therefore, infection risk is highest in
June/July and decreases towards harvest (end of August to October, de-
pending on year, variety, and location). Note that the indices have different
units. While Oidium infection risk is measured in percentages, i.e. from 0

2 Agrometeo provides weather data from over 180 stations to predict crop disease and pest
risks, offering decision support for optimized agricultural protection measures: https://www.
agrometeo.ch/de
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(no infection risk) to 100% (high infection risk), the Peronospora viticolarisk
index uses a categorical scale, i.e.1 (no infection risk), 2 (medium infection
risk), and 3 (high infection risk). We matched the station data to our sample
by minimizing the distances between the observations and weather stations
(i.e. the 'great-circle-distance') according to the haversine method. Moreover,
we aggregated gridded datasets on the mean yearly hail days from 2002
until 2022and the average sunshine duration from March to September
from 1991to 2020relative to the maximum possible (in %) to the zip code
level (MeteoSchweiz, 2020; Schroeer et al.,2021) (see Appendix B for more
information). 3

a.1.3 Experimental design, materials and methods

We used LimeSurvey, an online platform, to design and carry out our
survey. The survey was pre-tested with 4 grapevine experts and a pilot
study was completed with 13 grapevine growers. After the feedback was
incorporated, the survey was translated into three languages: German,
French and Italian. Translations were validated by native speakers. As an
incentive to participate in the main survey, we indicated that 25 vouch-
ers (for a dealer of agricultural goods in Switzerland) with a value of 50
Swiss Francs (CHF) each could be won by participants who completely
answered to the questionnaire. Additionally, participants could opt in to
receive individual feedback on the survey results if they were interested.
This feedback included aggregate information on current grapevine pro-
duction practices and individual feedback about future expectations of the
participants relative to their peers.

The median time to complete the survey was 32 minutes. There were 74
questions in the survey divided into the following sections:

(i) Information on all grapevine varieties grown, and their cultivated
areas

(ii) Agronomic and pest management practices

(iii) Farmer characteristics

(iv) Farm characteristics

(v) Perceptions and knowledge about fungus-resistant varieties

3 March to September is roughly the time period during which vines have leaves and thus
sunshine is an important factor for their development.
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(vi) Behavioral characteristics

(vii) Information treatment experiment

a.1.3.1 Grapevine varieties and cultivated areas

At the start of the questionnaire, we asked survey participants about their
farm size (in Are, i.e. 100m2). Thereafter, we elicited from a multiple-choice
menu of the 35 most frequently planted grapevine varieties in Switzerland
which varieties the survey participants grow on their farm. 4 Moreover, in
case the participant has adopted another variety that was not listed in the
menu, we provided the option to add up to 15 more varieties manually. For
each variety, we asked for the area under cultivation to receive a complete
picture on the variety portfolio of a farm. We follow the Federal Of�ce
for Agriculture (Bundesamt für Landwirtschaft, 2022a) to identify fungus-
resistant grapevine varieties. Overall, we identi�ed 143different grapevine
varieties used by the participants, of which 51 are fungus-resistant varieties
(see Appendix C).

a.1.3.2 Agronomic and pest management practices

We also asked farmers about their on-farm pest management practices.
Speci�cally, we surveyed an extensive list of employed pest management
practices against weeds, insects, and fungi. The practices included preven-
tive, biological, technology-based, and chemical strategies. These practices
elicited also accounted for the participation in direct payments (e.g. pro-
grams on not using herbicides).5 Moreover, we elicited whether farmers
applied particularly environmentally toxic fungicides by including a list of
nine product classes containing quasi-perfect substitutes of 22 fungicides
overall. The included products made up 5% from all listed fungicides al-
lowed to be used in Swiss vineyards. The pesticide load indicator was used
to assess the toxicity of the fungicides (see Kudsk et al., 2018). Products
allowed to be used in organic and non-organic viticulture were included.
Refer to section A.1.3.7 for more information.

4 We asked participants to only mention the varieties with a cultivated on an area over or equal
to 1 are.

5 See e.g. the website of the Swiss Federal Of�ce of Agriculture https://www.blw.admin.ch/
blw/de/home/instrumente/direktzahlungen.html
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a.1.3.3 Farmer characteristics

Farmer-speci�c information obtained included participants' gender, year of
birth, educational background, self-assessed expertise in grapevine produc-
tion, vini�cation, and marketing. Additionally, we also elicited what tasks
the survey participant completes at the vineyard.

We used a binary question to elicit whether farmers had looked for
information about fungus-resistant grapevines. In the af�rmative case we
provided ten multiple-choice options where information was sought and
in the negative case four multiple-choice options why no information was
sought. We also asked where farmers search for plant protection information
more generally.

a.1.3.4 Farm characteristics

Since the adoption of fungus-resistant grapevine varieties is currently lim-
ited, and the adoption process has multiple stages, we elicited what stage
of adoption the farms are in. We included answer options following the
adoption stages described in Weersink et al. (2020). The different stages are
the awareness of these varieties, the evaluation of their overall potential, the
adoption of at least one variety, and the potential dis-adoption. Additionally,
if a participant has indicated that they have evaluated the potential, we
queried the assigned potential for red and white fungus-resistant varieties
on a Likert scale from 0 (no potential) to 5 (great potential).

Additional farm characteristics included machinery used to apply plant
protection products, such as hand sprayers, low drift nozzles, tunnel recy-
cling sprayers but also drones and helicopters. We also asked participants
whether the farm has taken part in one of the four different direct pay-
ment schemes for the partial or complete abandonment of herbicides and
fungicides. Moreover, we elicited whether they received direct payments
for purchases/investments of low-drift application machinery.

Our questionnaire also included a rich set of marketing characteristics. We
asked survey participants about their marketing arrangements for grapes
and/or wine. More speci�cally, we elicited the percentages of produce
they market as grapes to winemakers, cooperatives, or commerce, or as
wine to commerce, major distributors, gastronomy or directly to consumers.
Furthermore, we include relevant labels or terms used to market wine as
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well as whether geographical denominations (e.g. Appellation d'Origine
Contrôlée or Designation of Origin) are used at the variety level. 6

Standard variables describing farm characteristics are the employed labor
on the farm, share of farmland that is leased, farm strategy, diversi�cation,
and specialization, information sources, and the share of income from
agriculture and viticulture (Knapp, Bravin, et al., 2019).

a.1.3.5 Perceptions and knowledge about fungus-resistant varieties

Our survey contained a wide range of perceptions of and knowledge about
fungus-resistant grapevine varieties. For instance, we asked farmers about
their self-reported knowledge about fungus-resistant grapevines on a 6-
points Likert scale from knowing nothing ( 0) to very knowledgeable ( 5).
Moreover, we asked the grapevine growers by what percentage they think
fungus-resistant grapes reduce the use of fungicides in Switzerland. Answer
options ranged from nothing ( 0%) to no fungicide needed anymore ( 100%)
with intervals in between.

We also elicited farmers' perceptions about fungus-resistant varieties in
comparison to traditional varieties. The considered perceptions were with
respect to quality, marketing dif�culty, willingness-to-pay from consumers,
future use, environment bene�ts, and human health bene�ts for farmers
and communities surrounding farms. For each of these comparisons, partic-
ipants were asked to choose an answer option on a 5-point scale ranging
from strongly disagree to strongly agree.

We elicited survey participants' future perceptions about viticulture in
general and fungus-resistant varieties in particular. Our future reference was
ten years for two reasons. First, a vineyard's average life is approximately 25-
35 years (Carbone et al.,2019). Second, human cognitive ability is bounded,
making it increasingly dif�cult to accurately project far into the future
(Simon, 1990). We therefore used ten years as a trade-off. Along these lines,
we asked farmers what share of their viticultural land will be replanted in
ten years (in percentage). We also asked how much of their land will be
devoted to fungus-resistant varieties in ten years (see Information treatment
experiment). Moreover, we also surveyed general questions regarding the
state of viticulture in Switzerland in ten years. For instance, we asked
whether farmers expect to be still working in viticulture in ten years,
whether they expect to grow grapevines according to organic standards, or
whether they believe new technologies will allow reduced fungicide use.

6 The included labels are organic, demeter, IP Suisse, Delinat, Vinatura and terms are PIWI and
natural wine.
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Additionally, we elicited whether farmers expect that weather events will
increase fungi pressure, whether copper will be a banned substance, or
whether fungicide resistance will be a large issue.

We also asked farmers about their perceptions on the effect of plant
protection products on wine quality, wine quantity, soil, the environment,
and on farmers' health. Additionally, we included questions on the per-
ceived importance of (farm) biodiversity, and whether biodiversity decline
is considered an issue for production. Moreover, we asked whether farmers
use greening of inter-row space at their farm and if they consider or use
(�owering) species-rich seed mixtures for greening inter-row space.

a.1.3.6 Behavioural characteristic

We also added questions on locus of control (Rotter, 1966) and self-ef�cacy
(Bandura, 2006) to our questionnaire as these concepts are relevant to
explain farmers' pest management decisions (Knapp, Wuepper, and Finger,
2021). We phrased our questions regarding self-ef�cacy similar to Knapp
and Finger (2020) and those for locus of control based on Abay et al. (2017).
Therefore, locus of control and self-ef�cacy were measured with 5-points
Likert scales and related to grapevine/wine production. We included seven
questions overall, three on locus of control and four questions on self-
ef�cacy with answer options ranging from strongly disagree to strongly
agree.

Moreover, we elicited time and risk preferences that are expected to
explain decisions by farmers (Tanaka et al., 2010). For time preferences, we
followed Falk et al. ( 2018) and asked farmers how willing they are to give
up income that is bene�cial for them or their farm today in order to bene�t
more from that in the future. We used a 11-points Likert scale, ranging
from not willing to very willing to give up income. For risk preferences,
farmers were asked on an 11-points Likert scale how willing they were to
take or mitigate risks in the areas of production, market and prices, plant
protection, and agriculture in general, respectively (Dohmen et al., 2011;
Knapp, Bravin, et al., 2019).

a.1.3.7 Information treatment experiment

Our survey also included a pre-registered information treatment experiment
(see Zachmann et al.,2023c).7 In the experiment, we �rst elicited farmers'
expectations about their share of land devoted to fungus-resistant grapevine

7 Refer to https://aspredicted.org/TL3 _C7Gfor the pre-registration document.



A.1 data from swiss grapevine growers 125

varieties in ten years (prior elicitation). We followed Hardaker et al. ( 2015)
to elicit a triangular distribution of this share to account for uncertainty
with respect to the future projection. Consequently, we asked participants
about the most likely share of land they will devote to fungus-resistant
grapevines in ten years, as well as the smallest and largest possible shares.

Next, we asked participants if they used selected fungicides in the last
growing season. The fungicide products we surveyed included the most
toxic products allowed in Swiss viticulture regarding their load on the
environment. In Switzerland, 403 fungicides with unique names are reg-
istered for use in vineyards. For all registered fungicides, we calculated
the environmental fate and ecotoxicity load (Kudsk et al., 2018; Möhring,
Finger, et al., 2021). Subsequently, we identi�ed products which are highly
toxic, de�ned as having a joint environmental fate and ecotoxicity load
that is in the top 95th percentile of the environmental load distribution. In
the survey software (i.e. LimeSurvey), we asked participants how many
products out of 10 clusters with the most toxic products they used in the last
growing season. Subsequently, we randomly provided participants either
with personalized, general or no information as displayed in Table 1.

Group Treatment information

Personalized information group Based on a scienti�c risk assessment for plant protection products
which considers environmental side-effects (i.e. persistence in soil
biomass and toxicity to non-target organisms from the Pesticide
Property Database) of the active substances in a product and its
formulation, 22 fungicides (5% from all fungicides registered for
use in grapevines in Switzerland) are considered highly toxic to the
environment.

Based on your previous answers, you use [#_of_products] out of these
fungicides.

General information group Based on a scienti�c risk assessment for plant protection products
which considers environmental side-effects (i.e. persistence in soil
biomass and toxicity to non-target organisms from the Pesticide
Property Database) of the active substances in a product and its
formulation, 22 fungicides (5% from all fungicides registered for
use in vines in Switzerland) are considered highly toxic to the
environment.

Baseline The baseline group received no information on toxicity of fungicides

Table A.3: Information treatments

After the information intervention, we elicited the expected share again
but carefully reformulated the main question in the posterior elicitation
to mask the ultimate purpose of the experiment and avoid experimenter
demand effects while maintaining comparability of the two questions.
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a.1.4 Appendix

Find appendix material for this section here: https://ars.els-cdn.com/

content/image/1-s2.0-S2352340923007370-mmc1.docx



a.2 farm -level data on production systems , farmer - and
farm characteristics of apple growers in switzerland

We here present survey data from apple growers across Switzerland. Data
from 245 apple growers was collected, using an online survey in French
and German in 2022. The sampled growers represent 24.4% from total land
under apples. Apple production is one of the most economically relevant
and pesticide intensive crops. Hence, the focus of the survey is on growers'
pest management decisions and marketing strategies. Survey data contains
details on growers' agronomic practices such as grown cultivars, pest
management against fungi, insects, and weeds, as well as pesticide use for
cosmetic purposes. Moreover, we collected information on pest management
after harvest, i.e. storage loss strategies. Marketing characteristics include
the sales channel chosen as well as labels used and contract arrangements
with buyers. Moreover, detailed data about farm management strategies,
behavioral factors, as well as other farm- and farmer characteristics was
collected. Survey data is matched with a rich set of environmental data, i.e.
precipitation, temperature, and apple scab infection risk.

Keywords: Sustainable agriculture, Pest management, Low-residue, Market-
ing channels, Pesticide regulation, Information sources, Risk management

This section is published as: Zachmann, Lucca, Chloe McCallum, and
Robert Finger. “Farm-Level Data on Production Systems, Farmer- and Farm
Characteristics of Apple Growers in Switzerland.” Data in Brief 50 (October
2023): 109531. https://doi.org/10.1016/j.dib.2023.109531 .
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a.2.1 Value of the data

• Representative country-wide data on detailed farm-level decisions about
pest management of apple growers (speci�cally regarding weeds, insects,
fungi, storage diseases and visual appearance of the apples). The data
also covers marketing strategies used, farm and farmer characteristics
including personality traits such as locus of control and self-ef�ciency,
perceptions about pesticides' impacts in several areas, and preferences
such as time and risk preferences.

• The data enables the examination of pest management decisions at
the farm and their many in�uencing factors (e.g. marketing channels,
farmer- and farm characteristics, personality traits, perceptions, and
preferences).

• Data also allow the study of farmers' pesticide regulation perceptions
about who should be regulated, who should regulate and how the
regulation should be carried out.

• Data allow the analysis of growers' information sources and formats
regarding pest management information and the importance of various
attributes for source selection.

• Broad range of value to researchers, policy makers, and food-value chain
actors to study entry points for sustainable pest management behavior.

• The detailed data collected can be used as standalone database or as
comparison with other agricultural crop producers as well as in meta-
analyses.

a.2.2 Objective

Apple production ranks globally among the most economically relevant
and pesticide-intensive crops (Bundesamt für Statistik, 2021; de Baan,2020).
Pest management approaches used differ substantially across farms and
farmers. This is of large relevance for food production as well as for the
environmental and health impacts of production. Farmers' choices are
for example determined by environmental conditions, policy framework,
market conditions as well as farm- and farmer characteristics.
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a.2.3 Data description

We collected 245 responses from apple growers across Switzerland. The
questionnaire was sent to all apple producers in German and French speak-
ing parts of Switzerland, i.e. 1'932apple growers (response rate: 12.7%).8

The questionnaire was available from July 6, 2022, until August 31, 2022.
The overarching focus of the data collection was on pest management

practices in Swiss apple production. More speci�cally, the aim of the data
collection was to elicit a detailed list of agronomic practices relating to
apple production and pest management, as well as a rich set of farmer and
farm-level characteristics. We surveyed detailed pest management practices
used to control weeds, insects, and fungi. We also focused on strategies
against cosmetic damages. Moreover, we survived strategies against storage
diseases, i.e. after harvest. The latter two points are expected to be relevant
as main reasons for pesticide applications in apple orchards, and pesticide
residues as results thereof (Gölles et al.,2015). Farmer characteristics in-
cluded socio-demographic variables, perceptions, and farmers' risk and
time preferences. A particular focus of our survey was on marketing strate-
gies. In total, the main survey contained 61 questions. Our survey data
were matched with data on environmental factors from weather stations,
i.e. temperature, precipitation and regional apple scab infection risk which
is the main pest in apple orchards (Bowen et al., 2011). Figure A.3 presents
a spatial visualization of our sample and the weather stations used for
nearest-distance matching.

Table A.5 shows that our sample is representative for the land covered by
apples (24.4% from total land under apples) and speci�cally land under club
varieties. Moreover, the sample is representative in terms of growers' age
and the share of female growers, but slightly over-represents organic farms.
The sample also covers152grown varieties ( 83.4% of all) in Switzerland.

The dataset, survey and codebook describing the variables are available
online on the ETH Zürich Research Collection: https://doi.org/10.3929/

ethz-b-000602779 .

a.2.4 Experimental design, materials, and methods

The survey was carried out via the online platform Limesurvey. We pre-
tested the survey with apple growers in the French- and German-speaking

8 The French- and German-speaking parts of Switzerland represent 99.93% of the apple-growing
land, so we excluded other language regions from our survey (Böhlen et al., 2021)
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Figure A.3: Spatial representation of our sample (N= 245)

Note: The locations of the survey participants are randomly positioned within the
municipalities to avoid identi�cation of farms.

part of Switzerland and experts in apple production. To incentivize partici-
pation, we offered 50 Swiss Francs to25 randomly drawn participants. In
addition, personalized and aggregate feedback based on the survey results
were offered to participants. The median response time was 31 minutes.

The raw data that accompanies this article is structured around the
design of the survey which consisted of 6 sections (see Appendix B for the
questionnaire):

(i) Agronomic practices

(ii) Marketing channels and characteristics

(iii) Information about the farm

(iv) Information about the farm manager

(v) Pesticide regulation

(vi) Growers' perceptions, preferences, and personality

a.2.4.1 Agronomic practices

The survey started with a question about the farms' size (in are, i.e. 100
m2). Next, we elicited the cultivars grown. First, we offered participants to
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Sample Switzerland Reference for Switzerland

Land

Land under apples 899ha (24.4%) 3'686.9 ha Böhlen et al. (2022)

Land under club varieties 152ha (19%) 271.5 ha (16.7%) Böhlen et al. (2022)

Observable characteristics

Organic producers 20% 15% Widmer ( 2021)

Female growers 6.9% 6% Widmer ( 2021)

Age 53.1% of farms
in our sample
were managed
by people over
50 years of age

55% of farms
in Switzerland
were managed
by people over
50 years of age

Bundesamt für Statistik ( 2022)

Varieties

Unique identi�ed varieties 152(83.4%) 181 Böhlen et al. (2022)

Table A.5: Sample representativeness

Note: The values for Switzerland refer to the farming population at large (i.e. different
farm types) while our sample focuses speci�cally on apple producing farms. Refer to
Appendix A for the identi�cation of club varieties.

choose from a menu of the 16 most grown apple cultivars in Switzerland
which varieties the grower cultivates on their farm. Second, in the case that
a grower grows different varieties than those listed, we provided space to
manually add up to 40 additional varieties. In total, 152different varieties
were indicated, including club or managed varieties. 9 Moreover, we asked
the growers to indicate on what area each variety is grown. Overall, we
collected data from 899ha of land under apples, which is 24.4% from total
land under apples in Switzerland (Böhlen et al., 2022).

We also asked growers about their agronomic practices regarding ap-
ple production and pest management. First, we elicited the production
method each farm employs. Answer options were organic, bio-dynamic, or
integrated production or according to the ecological performance record.
Moreover, growers could indicate other production methods in an open-
text �eld. Second, we asked growers which factors most negatively impact
apple yield (i.e. quality and quantity). Hail, fungi, insects, weeds, frost,
soil fertility, droughts and excessive rain were proposed answer options,
but growers could add individual factors in an open-text �eld. Third, we
zoomed into pest management practices against insects, weeds, and fungi.

9 Club varieties are patented apples whose production and marketing is planned by the patent
right holder (Legun, 2015). Refer to Appendix A for their de�nition.
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More speci�cally, we surveyed a long list of mechanical, preventive, bi-
ological, technical, and chemical strategies with which these main pests
can be controlled or prevented. Our survey also contained questions on
the storage of apples. We elicited whether apples are stored on the farm,
and in this case how storage disease is controlled/minimized as this is a
relevant issue in apple production (Gölles et al., 2015). In particular, this
contained questions on the methods used against storage diseases such
as hot water treatments, de�cit irrigation, use of products against storage
disease, sorting of infected apples, speci�c fertilization or through sales
management (Maxin et al., 2012; Mpelasoka et al., 2000). In the case of use of
products, we asked for the product names. Fourth, we asked growers about
whether they use mechanical methods or chemical products for the main
purpose of visual appearance of the apples. More speci�cally, we asked
growers to indicate the method or product they apply. Fifth, we surveyed
whether growers' control/minimize pesticide residues on their apples (i.e.
follow a low residue strategy). If they indicated that they do, we asked
them how, providing a menu of six strategies (e.g. application of organic
products in the second half of the season, use of viruses, resistant varieties
or pheromones, use of decision support tools, or considering post-harvest
intervals). If they indicated that they do not, we elicited reasons for this.
Last, we asked growers what thinning methods they used, ranging from
manual (e.g. by hand), to mechanical (e.g. using a machine), to chemical
(e.g. growth regulators) or biological (e.g. arnica) thinning methods. We
also surveyed the different reasons behind thinning, such as developing
good fruit size or color, prevent damage to the tree or regulate alternance
(Dennis, 2000).

a.2.4.2 Marketing channels and characteristics

Questions on marketing channels, selling contracts, and labels were also
asked. More speci�cally, we asked growers how they market their apples (i.e.
apple types) such as table apples, cider apples, processed apples (e.g. dried
or self-pressed), or whether they use the apples for their own consumption.
Multiple answers were possible. Thereafter, we asked which share of each
apple type is sold to a speci�c buyer type (i.e. marketing channel). Included
buyer types were sales to apple traders, agricultural cooperatives, retail (i.e.
regional supermarkets, shops, etc.), direct marketing, other channels (i.e.
schools, gastronomy, other farm shops, etc.), or own use. Moreover, for each
speci�c buyer type we elicited whether growers have a contract which is
written/formal, oral/informal, or no contract. For table apples, we surveyed
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which elements are speci�ed in the contract in a binary form (i.e. speci�ed
or not), such as delivery quantity, delivery date, visual appearance of the
apples, varieties delivered, pesticide residues and price. We also surveyed
perceptions of growers relating to marketing strategies following Hao et al.
(2018) for price uncertainty, ex ante quality requirements, damage caused
due to late payment by the buyer, and trust. Lastly, we elicited the labels
the farms used to market the apples.10

a.2.4.3 Information about the farm

We surveyed a wide range of farm characteristics, starting with several
questions about farm labor. We elicited how many units of standardized
workforce the farm employs. Thereafter, we asked growers which type of
labor is employed on the farm: family members, permanent employees,
short-term or seasonal employees, apprentices, or none. We also surveyed
for each employed labor type including the survey responded, what tasks
they (i.e. the respondent) carry out on the farm. Considered tasks were
orchard work, plant protection, of�ce work, planting decisions, and invest-
ment decisions. After questions on labor, we asked growers what share
of their land is leased and whether and what kind of insurance they are
subscribed to. Thereafter, we also surveyed what federal direct payment
programs the farms are enrolled in, and whether they have received sub-
sidies for the purchase of low-drift application machinery. Next, several
questions targeted information sources used by the grower. For instance,
we asked where they searched for information regarding plant protection
(e.g. relating to spray schedule) providing them with ten options plus an
open-text �eld to manually add information sources. For all of the selected
sources, we elicited what format the grower used, such as social media,
websites, apps, e-mail newsletter, newspapers, printed material, personal
contacts, TV/radio, messaging services (e.g. WhatsApp, Telegram) and oth-
ers. We also asked growers what attributes are important for the selection of
information sources such as trust in source, competence of the source, high
degree of accuracy of the source, easily applicable information, previous
experiences with the source, or similar goals between the source and the
grower. Last, we assessed whether the grower is considering any major

10 Included labels were Bio Suisse (organic), Demeter (bio-dynamic), IP Suisse (integrated
production), SwissGAP, Suisse Garantie, Pro Specie Rara (label to promote endangered and
rare crops and animals), Club (managed variety), Hochstamm Suisse (label to identify apples
from standard trees), or no label.
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changes to production practices, pesticide use, or direct payment programs
for which more information would be needed.

a.2.4.4 Information about the farm manager

Information about the growers in the survey included gender, the year of
birth, educational background, and status of farm succession. We also asked
growers to indicate the share of household income that comes from farming
and from apple production, respectively. We asked growers how important
speci�c goals are for their decisions regarding pest management strategies
(from very important, important, neither nor, important, very important).
The assessed goals were high pro�tability, high yields, high product quality,
high protection for farm workers, low workload, high soil protection, high
protection of non-target organisms, and high protection for consumers.

a.2.4.5 Pesticide regulation

We also elicited various perceptions of growers related to pesticide regu-
lation. First, we asked growers who should regulate pesticides. Answer
options included the market (e.g. through retailers, consumers), the state
(e.g. through agricultural authorities), farmers (e.g. through the farmers
union) and self-regulation (e.g. through branch and producer organiza-
tions). Second, we elicited to what extent (from not at all to completely, on
a 5-point scale) growers support instruments with which agricultural au-
thorities can regulate pesticides. Assessed instruments were stricter product
authorizations and application requirements, direct payments, extension ser-
vices, promotion of research for pesticide alternatives, labelling of low/no
pesticide food products or stakeholder agreements. Last, we asked growers
with a multiple-choice question who should be regulated in the context of
pesticides. Answer options were pesticide producers, wholesalers, retailers,
agricultural extension agents, consumers, or farmers.

a.2.4.6 Growers' perceptions, preferences, and personality

We elicited time preferences by asking how willing they are to give up
income today in order to bene�t more from it in the future (Falk et al.,
2018). Growers could choose from 0 (not willing) to 10 (very willing).
Moreover, we elicited risk preferences using Likert type contextualized
self-assessment questions in several domains (Dohmen et al.,2011). The risk
preference elicitation was done in 6 different domains: apple production,
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market and prices, plant protection, agriculture in general, farmers' health,
and environmental protection. Answer options ranged again from 0 (not
willing to take risks) to 10 (very willing). In this section, we also elicited
several perceptions about low residue production, such as compensation,
and feasibility. Additionally, we asked growers how they rate the impact of
pesticide use in the areas of product quality, yield, soil protection, water
protection, health protection of farmers, and health protection of consumers.
Possible answer options ranged from very negative to very positive on a
5-point scale. Last we assessed non-cognitive skills of farmers via Likert
type questions (Wuepper and Lybbert, 2017) by eliciting both locus of
control following (Abay et al., 2017; Rotter, 1966) and self-ef�cacy following
(Bandura, 2006).

We matched our survey data with spatial environmental data that is of
relevance for apple production. We used data from 120 weather station
across Switzerland and matched the station data to our observations by
minimizing the distance between the two points on the surface of a sphere
(i.e. the great-circle-distance). We incorporate simulated apple scab infection
risk data according to (Werthmüller et al., 2017) by averaging station values
between 2020and 2021which is prior to our data collection. Moreover, we
include average temperature and precipitation data at the station level.

a.2.5 Appendix

Find appendix material for this section here: https://ars.els-cdn.com/

content/image/1-s2.0-S2352340923006315-mmc1.docx



a.3 short supply chains and the adoption of fungus -resistant
grapevine varieties

Using fungus-resistant grapevine varieties can reduce pesticide use sub-
stantially, while maintaining production quantity and quality. Using survey
data from 775 producers in Switzerland, we investigate the adoption of
fungus-resistant varieties and especially analyze the relevance of marketing
channels and short supply chains. We �nd that 20.1% of respondents use
fungus-resistant varieties but the acreage is only 1.2%. Our results narrow
down to a simple conclusion: the less distant the producer is from the �nal
consumer, the more likely they use fungus-resistant varieties. For example,
producers selling their wine mainly via direct marketing have a higher
(8-38%) uptake of fungus-resistant varieties.
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a.3.1 Introduction

The reduction of pesticide risk is at the top of agendas in policy and
industry because the intensive use of pesticides has been shown to harm
both human health and the environment (Jones, 2020; Larsen et al., 2021;
Möhring, Ingold, et al., 2020; Stehle et al.,2015). For example, the European
Union aims to reduce pesticide use and risk by 50% until 2030(Schebesta
et al., 2020). Similarly, Switzerland aims to reduce pesticide risk by 50%
until 2027 (Finger, 2021). Grapevine is among the most intensive crops
in terms of pesticide use in many parts of the world (e.g. Pertot et al.,
2017). The use of fungicides to cope with fungal diseases constitute the
major pesticide use in vineyards. Embedded in a set of integrated pest
management practices (e.g. Barzman et al.,2015; Fernandez-Cornejo,1998;
Pertot et al., 2017), the use of varieties that are resistant to fungal pressure
could allow substantial reductions in pesticide use while maintaining the
quantity and quality of the production (e.g. Mailly et al., 2017; Pedneault
et al., 2016). The adoption and diffusion of these varieties, however, is still
very limited globally (Mailly et al., 2017; Montaigne et al., 2016; Pedneault
et al., 2016).

In this paper, we provide the �rst study to reveal insights into determi-
nants and barriers of the farm-level adoption of fungus-resistant grapevine
varieties. Using survey data from 775Swiss producers, we especially inves-
tigate the relevance of marketing channels and short supply chains for the
uptake of fungus-resistant varieties. More speci�cally, we test and quan-
tify the relevance of speci�c channels by which grapes and wines reach
consumers, such as direct marketing.

Previous studies identi�ed a large possible effectiveness of cultivars
that have increased resistance to fungal pressure (referred to as fungus-
resistant varieties in this paper) to reduce fungicide use in vineyards, while
maintaining quantity and quality of production levels and possibly reducing
yield losses due to high fungi pressure (Montaigne et al., 2016; Viret et
al., 2019). This aspect is relevant for both conventional and organic wine
production because the application of both synthetic and non-synthetic
fungicides, including the widely used organic fungicide copper, have strong
negative effects on the environment and need to be reduced drastically to
meet pesticide policy goals (e.g. Mackie et al., 2012; Reiff et al., 2021). There
has been a large progress in breeding fungus-resistant varieties in the last
years (e.g. Montaigne et al., 2016; Pedneault et al., 2016). Yet, the current



138 appendix

adoption of fungus-resistant varieties is low (e.g. Pedneault et al., 2016).11

Overall, the uptake of fungus-resistant varieties was found to be higher in
organic vineyards but is also limited (Pedneault et al., 2016). For example,
fungus-resistant varieties covered less than 8% of organic vineyard surface
areas in 2003 in Germany (Sloan et al., 2010). Overall, higher adoption
rates of fungus-resistant varieties would be desirable as this would reduce
environmental and human health impacts of grapevine production and
imply lower production costs for producers.

There is no empirical literature on the farm-level adoption of fungus-
resistant grapevine varieties and determinants and barriers of adoption.
However, previous studies identi�ed that wine produced with fungus-
resistant varieties may face marketing challenges (Fuller et al., 2014). For
example, fungus-resistant grapevine varieties have been reported to result
in lower wine quality, at least as perceived by consumers (e.g. Ferreira
et al., 2004). Thus, perceived low market opportunities are a limiting factor
for widespread adoption. Here, tradition also plays a role, particularly
in prestigious wine regions where the adoption of resistant varieties is
still low (Pertot et al., 2017). Moreover, fungus-resistant wines are cross
breeds of popular/common varieties which consumers usually favour but
fungus-resistant wine can only be sold with allusions to these varieties (e.g.
Chardonnay-like). Thus, this wine may be faced with additional market
pressure and market uncertainties. However, an increased societal demand
for more environmentally friendly wine production has been reported
recently (Cullen et al., 2013; Pomarici and Sardone, 2020; Pomarici and
Vecchio, 2019).12 As market demand and breeding success are increasing
rapidly, producers limited uptake of fungus-resistant varieties is increas-
ingly the bottleneck towards low-pesticide wine. Understanding farm-level
adoption decisions is crucial for facilitating policy and industry measures
to foster adoption and diffusion of fungus-resistant varieties.

We here contribute to address this problem and investigate the farm-level
determinants of the adoption of fungus-resistant grapevine varieties. We
use survey data that includes 775Swiss grapevine producers (representing
ca. 28% of all acreage under grapevines in Switzerland). The survey covers
the major languages (i.e. German, French, Italian) and winemaking regions
(see �gure A. 4) of Switzerland, allowing us to distinguish different farm

11 For example, the share of fungus-resistant varieties in countries like Austria, Germany and
France is expected to be in the range of1-2% (Montaigne et al., 2016; Rouchaud et al., 2014).

12 In addition, the European Union only recently opened the use of fungus-resistant varieties also
for Protected Designation of Origin ( https://eur-lex.europa.eu/eli/reg/2021/2117/oj ),
which enables more widespread use.
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structures, as well as climatic and cultural regions. We exploit the large
variation in how producers market their wines to test whether short supply
chains, such as direct marketing, facilitate the uptake of fungus-resistant
varieties and thus low-pesticide production practices. Detailed information
about which varieties producers use and on which acreage, allows us to
identify details on the use of fungus-resistant varieties. We investigate
how marketing channels affect the uptake of fungus-resistant varieties,
controlling for a wide range of other factors. For example, we also use
a rich set of producer characteristics, and survey data is matched with
data on environmental conditions, e.g. local information on fungal disease
pressure. We also match survey data with further regional socio-economic
information that matters to explain uptake of speci�c marketing channels
such as income per capita and the number of supermarkets per drinking-age
population.

We �nd that while 20.1% of the respondents use fungus-resistant varieties,
the acreage under fungus-resistant varieties is only about 1.2%. Our results
show positive associations of this (early) adoption and that producers
market their own wine, not marketing the unprocessed grapes. Moreover,
we especially �nd that producers who mainly rely on direct marketing are
associated with higher uptake of fungus-resistant varieties. For example, if
a producer mainly sells their wine via direct marketing to consumers this
increases the probability that they have fungus-resistant varieties by ca. 8%-
38%. In contrast, producers who are specialized in marketing wines to retail
are less likely to use fungus-resistant varieties. Our results narrow down to
a simple conclusion: the shorter the supply chain and the closer the distance
between producer and �nal consumer of wine, the more likely the producer
will use fungus-resistant varieties. The identi�ed associations are robust to
the inclusion of various controls as well as assessing the robustness towards
possible omitted variable biases (e.g. using Oster bounds) and unobserved
heterogeneity in the choice of marketing channels that we address by using
a multinomial treatment effects model.

The remainder of this paper is structured as follows. Next, we present
a background on wine production in Switzerland and the role of fungus-
resistant grapevine varieties. Then, we present a background on possible
determinants and barriers of the adoption of fungus-resistant varieties and
discuss the relevance of marketing channels. Based on this background we
present the design of our survey as well as the data. Next, we present our
econometric approach and the results. Finally, we conclude and provide
policy conclusions.
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a.3.2 Background on wine production and fungus-resistant varieties

Grapevine production represents a highly relevant crop in many countries
around the world. For example, the long-term share of the gross value of
grapevines in total national crop production is 39.9% in Chile, 35.2% in
France, and17.6% in Spain (FAO, 2022).13 Grapevines are also economically
highly relevant for the Swiss agricultural sector: the long-term gross value of
grapevine production in Switzerland was 17.3% of the total crop production
and thus represents the most economically relevant crop, with a total of
15,000hectares across highly diverse production regions covering a wide
range of climatic zones and a large diversity of varieties used (Figure
A.4) (Anderson and Nelgen, 2012; FAO, 2022).14 Swiss wines are especially
consumed within Switzerland and the market is structured in two segments.
First, direct marketing where especially small family wineries sell most of
their production directly to �nal consumers. Second, there are cooperatives
and larger wineries that sell mainly through supermarkets (Masset et al.,
2019).15

Grapevine production is, however, also among the most intensive crops
in terms of pesticide use. Pertot et al. (2017) report that the average number
of pesticide applications in Europe are ca. 12–15.16 Analyzing a sample of
ca. 500vineyards in Switzerland over the period 2009-2012, de Baan et al.
(2015) show that 10-16 pesticide applications (implying more than 20 kg
of active ingredients applied per hectare and year) take place.17 Among
these applications, fungicide use represents 80-90% (de Baan et al.,2015).
In fact, grapevine production accounts for more than 50% of fungicide use
in Switzerland (de Baan, 2020).18

13 We calculate the average share of the gross production value of grapevines from all non-animal
crops between 2010and 2020.

14 With this acreage, Switzerland is the 20th largest global wine producer (Anderson and Nelgen,
2012). Note that the majority of wines is marketed as single variety wine and not as cuvées
where wines consist of a signi�cant blend of varieties.

15 Note that most Swiss grapes are produced for winemaking, table grapes are usually imported,
with a share of imports at ca. 99% (BioAktuell, 2017).

16 Pertot et al. (2017) indicate this to be up to 25–30 applications in the most problematic
conditions. Note that Europe faces a lack of detailed public pesticide use data to assign e.g.
pesticide use to speci�c crops in speci�c regions (Mesnage et al., 2021).

17 Note that both number of application and quantity per hectare not necessarily indicate how
problematic pesticide use is for human health and the environment (e.g. Möhring, Gaba, et al.,
2019), but we can conclude that pesticide use in vineyards poses critical risks.

18 The active ingredient Folpet was found to be especially relevant, re�ecting 25% of applications
(de Baan et al.,2015). The use of copper and sulfur that are also used in organic production
represented 9-12% of all fungicide applications in the investigated Swiss grapevine production
(de Baan et al.,2015).
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Figure A.4: Vineyards and wine regions in Switzerland

Note: Switzerland is divided in six wine regions: Geneva, Vaud, Three-Lakes, Ticino, and
German speaking Switzerland. The dark �elds in the map represent the location of
vineyards in Switzerland. Source: Schweiz Tourismus.

Switzerland aims to reduce risks from pesticide use in the agricultural
sector at large by 50% until 2027(Finger, 2021). Also, the reduction of the
use of copper is an explicit goal in national action plans on pesticides.
Reducing fungicide use in vineyards is a key measure to achieve these
goals and the use of fungus-resistant varieties is a major entry point in that
respect. After the introduction of P. viticola(downy mildew) and E. necator
(powdery mildew) from America to Europe at the end of the 19th century,
growing traditional grapevine ( Vitis vinifera) varieties was no longer possi-
ble without signi�cant fungicide use (Pertot et al., 2017). Since then, efforts
have been undertaken to cross grapevine species from the Americas or Asia
that are more resistant to fungal pathogens with traditional European vari-
eties to obtain fungus-resistant varieties with traditional characteristics that
consumers like. Resistance is predominantly against powdery and downy
mildew, and grey rot ( Botrytis cinerea) (Pedneault et al., 2016). Initially,
these 'hybrid' varieties suffered from undesirable off-�avors. However, new
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fungus-resistant varieties with improved enological pro�les have come to
the market. Example varieties are Divico ( 0.28% from total plantation area
in Switzerland), Cabernet Jura (0.22%) and Solaris (0.17%) (Bundesamt für
Landwirtschaft, 2022a).19 Breeding activities regarding fungus-resistant va-
rieties have been initiated by private actors and public research institutions
(Spring et al., 2021).20

The adoption of fungus-resistant varieties provides various bene�ts. Re-
ducing reliance on pesticide use has positive environmental effects. Fungi-
cide applications in the here studied grapevine production systems in
Switzerland are expected to be reduced by ca.80% if fungus-resistant va-
rieties are adopted (Viret et al., 2019). Along these lines, Rousseau et al.
(2013) report possible reductions of fungicide use in France by 60 to 90%
due to fungus-resistant varieties. This means lower environmental risks,
reduced copper accumulation in soils, and less soil compaction and emis-
sions from spraying machines. Moreover, reduced fungicide applications
imply public health bene�ts, e.g. due to reduced exposure of �eld workers
and bystanders.

Yet, the current share of fungus-resistant grapevines is limited. In Switzer-
land, the uptake was ca. 1.9% in 2018(Bundesamt für Landwirtschaft, 2019).
However, there is strong regional clustering within Switzerland. More
speci�cally, Siegfried et al. ( 2008) indicate a higher adoption in German and
Italian speaking Switzerland vis-à-vis French speaking wine production
regions. Baumann (2019) conducted surveys with experts to identify key
challenges of fungus-resistant varieties in Switzerland. They found that lack
of experience with different wine styles pose challenges for vini�cation,
uncertainty in the choice of varieties and the marketing of new, unknown
varieties were all identi�ed as relevant. Experts also indicate that education,
information and gaining experiences can be a way forward (Baumann,
2019).

a.3.3 Adoption of fungus-resistant grapevine varieties and marketing channels

Fungus-resistant grapevine varieties are only adopted if expected bene�ts
for producers exceed perceived costs. Especially relevant in the context of
fungus-resistant varieties is the long-term nature of the investment, i.e. the

19 Also, the variety Regent (0.23% of acreage) is relevant as it was considered as fungus-resistant
variety but this property reduced over time (Delmotte et al., 2014)

20 Note that breeding in Switzerland and other European countries mainly relies on traditional
breeding, but the future role of new breeding technologies is currently discussed (Bavaresco
and Squeri, 2022; Qaim, 2020).
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lifetime of a plant is at least 20 to 30 years, and the associated uncertainties.
The large uncertainty about future costs and bene�ts arising from the use of
fungus-resistant varieties due to uncertainty about long-term development
of production properties, policies, and especially the marketing potential
is assumed to make adoption decisions, ceteris paribus, less attractive (see
Spiegel et al.,2021).

Fungus-resistant varieties offer direct economic bene�ts for producers.
The number of fungicide applications is decreased massively which reduces
costs for pesticides, as well as labour and machinery costs that can be
reduced if less spraying events take place (Rousseau et al.,2013). Moreover,
yields are more vigorous due to fungi-resistance, i.e. the actual production
risk in terms of the variability of yields and pest management expenditures
can be reduced (Siegfried et al.,2008). Additionally, reduced health impacts
on the producer and workers themselves may provide short- and long-term
economic bene�ts (e.g. Chatzimichael et al., 2021).

The cost of adopting fungus-resistant varieties has various components.
Next to potential price mark-ups for seedlings, there are also uncertain-
ties regarding the long-term performance of new varieties in terms of
the stability of resistance/tolerance to targeted pathogens (e.g. Zini et al.,
2019). Further uncertainties also arise from limited experiences with fungus-
resistant varieties, e.g. the transferability of experiences made in speci�c
production systems, countries and climatic zones is highly uncertain. There
is also some technology risk, because success in breeding could enable
that substantially better suited varieties are released in short- to medium
future (e.g. Bavaresco and Squeri,2022). Due to the long-term nature of new
planting decisions, this could thus disincentivize producers to adopt fungus-
resistant varieties now. Finally, the most important costs of adoption stems
from marketing risks, i.e. the uncertainty regarding consumers' preferences
and marketing channel stability, especially due to a lack of knowledge of
new varieties. In a survey in Germany, 40% of producers stated that the
varieties being unknown was the biggest dif�culty of marketing the wine
(Becker,2013). Also, there is the perception that fungus-resistant wines are
lower quality in terms of oenological characteristics. Yet, increasingly taste
tests with consumers and producers show that they score just as well as
traditional varieties (Rousseau et al., 2013). A study with Swiss consumers
found 70-90% of participants rated fungus-resistant wine equivalent to con-
ventional wine and 23-30% rated fungus-resistant wine as superior (Van Der
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Meer et al., 2010).21 Similarly, Siegfried et al. ( 2008) report positive results
from blind tastings on Swiss fungus-resistant wines. In contrast, Fuentes
Espinoza et al. (2018) show that on a sensory level French consumers had
dif�culty accepting wine from a fungus-resistant variety. However, after
communicating the pesticide treatment frequency, type of viticulture and
pesticide residues for several wine types, the wine from the fungus-resistant
variety was ranked with the highest average quality evaluation (Fuentes Es-
pinoza et al., 2018). This highlights the importance of communication when
marketing wine from fungus-resistant varieties. However, results from taste
testing do not necessarily translate into wine sales. Previous studies found
consumers are willing to pay less for varieties they are not familiar with
which is likely the case for many fungus-resistant varieties (Nesselhauf
et al., 2019). In contrast, Vecchio et al. (2022) found consumers were willing
to pay more for fungus-resistant wine than conventional (i.e. from non
fungus-resistant varieties) wine on informal occasions while on formal
occasions there was no difference in willingness to pay for fungus-resistant
and conventional wine.

Marketing channels and especially shorter supply chains can contribute
to reducing marketing obstacles and risks. For example, direct marketing of
wine to consumers may facilitate ef�cient communication of characteristics
of fungus-resistant varieties and can ensure stable marketing conditions. In
contrast, as consumer demand is uncertain, retailers and wholesalers may
not be interested in fungus-resistant wine, they may prefer well established
varieties. Producers who sell their wine via direct marketing are thus
expected to be more likely to adopt fungus-resistant varieties as they are
not constrained by retailers' preferences. In the former case, the adoption of
fungus-resistant varieties is attractive because it allows for a `winemaker's
unique selling story', while in the latter case its adoption is unattractive
because well-established quality criteria (like varieties, Parker points, etc.)
matter. On a related note, French grapevine producers who produce organic
have been found to be more likely to sell through short supply chains
(Aubert et al., 2016).

Based on this background, our main hypothesis to be tested is that
producers with shorter supply chains are more likely to engage in the
cultivation of fungus-resistant grapevine varieties.

Moreover, additional characteristics of farms and producers may affect
adoption, which we consider as control variables in our empirical anal-

21 Fungus-resistant wine were Solaris and Maréchal Foch and to conventional wine varieties
were Zweigelt and Riesling (Van Der Meer et al., 2010).
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ysis. For example, higher fungi-pressure may matter for the adoption of
fungus-resistant varieties. Thind et al. ( 2004) show that humid conditions
support the infection of downy mildew and rainy conditions lead to their
epidemic build up. On the contrary, powdery mildew requires relatively
dry conditions and moderate temperature.

Furthermore, subjective risk perceptions and producers' risk attitudes
are also expected to be relevant, especially for long-term investments (e.g.
Spiegel et al.,2021) . More risky production system (e.g. uncertainty of yield
or pro�t) are less likely adopted, especially by more risk averse producers.
For example, risk averse producers have been found to be less likely to
adopt organic or reduced pesticide farming practices (Chèze et al., 2020;
Kallas et al., 2010; Serra et al.,2008). This stems from the observation that
usually, the more environmentally friendly farming practices lead to greater
variability in yield and cost (Knapp and Heijden, 2018). Fungus-resistant
varieties may have ambiguous risk effects vis-à-vis traditional varieties.
While they are expected to reduce yield variability due to a reduced threat
of fungi infection, their adoption may imply uncertainties especially on
the long-run performance as well as higher technology and market risk
exposure (see above). If the overall risk as perceived by producers is higher,
we expect that more risk averse producers are less likely to adopt fungi
resistant varieties. Additional producer and farm characteristics may also
affect adoption decisions. For example, producers' age and farm size have
been found to affect uptake of new technologies and farming practices
(Sapbamrer et al.,2020; Sunding et al., 2001). Along these lines, it may be
relevant whether production is mainly a hobby and for own consumption
vs professional use. In fact, non-professional wine production matters in
Switzerland (e.g. they represent 11% of our sample).

a.3.4 Data

We use data collected in an online survey with Swiss grape producers.
Surveys, datasets and the codebooks describing the variables are publicly
available (see Knapp, Bravin, et al., 2019). Surveys were sent via a link
provided to the producers by email in collaboration with several Swiss
cantonal agricultural services as well as via information lea�ets. The survey
was conducted in the three main of�cial languages of Switzerland (i.e.
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German, French and Italian). Surveys were pre-tested with �fteen experts
from cantonal advisory services.22

The survey collected detailed information on the grapevine varieties
used by each producer, providing a menu of the 30 most widely used
grapes in Switzerland, where producers indicated the acreage on their
farm for each variety. Producers could add further varieties manually as an
open-text answer. These answers were harmonized in a subsequent step.
To identify fungus-resistant varieties from this information, we follow the
of�cial list issued by the Swiss Federal Of�ce for Agriculture (Bundesamt
für Landwirtschaft, 2019) (see online Supplementary Material A for details).

In total, we rely on responses from 775different producers, which is about
21% of total Swiss grape producers (Knapp, Wuepper, and Finger, 2021).
Main production regions are covered, and farm and producer characteristics
are in line with the population at large (see Knapp, Wuepper, Dalhaus, et al.,
2021). The data represents around 28% of all the area under grapevines in
Switzerland, i.e. 4'092ha. Furthermore, we �nd that the share of fungus-
resistant varieties in our sample ( 1.2%) is smaller than at national level but
still representative ( 1.9% at national level) (see Supplementary Material B
for details).

The survey also focused on how grapes are marketed. To this end, pro-
ducers were �rst asked whether they market their grapes as (unprocessed)
grapes (i.e. they sell harvested grapes to an association or a large wine pro-
ducer) and/or as their own produced wine (i.e. they sell the �nal product).
Moreover, the share of their produced wine that is marketed via direct mar-
keting as well as commerce and major distributors was elicited. The latter
two are summarized as `retail' in our study. These variables are transformed
into binary variables used to characterize the marketing channel used (see
next section). Speci�cally, we de�ne dummy variables that identify farms
which sell most of their wine directly to consumers or to retail, respectively.
Therefore, we refer to producers whose sales share is larger than50% as
specialized in direct marketing or to retail, respectively.

Farm characteristics were also included in the survey such as the farm
location (using the postal code), its specialization (mixed or specialized),
the production system (organic or conventional), the total standardized
work force, the total farmland, the share of farmland rented out and use

22 The survey was conducted in 3 years 2016, 2017and 2018. For the purpose of the here presented
analysis, we created a cross sectional dataset by using only one observation for each producer
if they participated in more than one year. Note that in our sample, 533producers participated
once, 172 twice and 70 three times. We use the last entry of those producers that responded in
multiple years.
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of hail and/or frost insurance. Furthermore, the percentage of earnings
coming from farming as well as how much grape production contributes to
the farm-level total earnings was collected. We match the survey responses
with powdery mildew infection risk data from 92 weather stations. This
risk index ( Oidium index) expresses infection risk from powdery mildew
based on meteorological conditions (temperature, precipitation, and relative
humidity) in critical development stages (Dubuis, Bloesch, et al., 2014). We
here use the average over the period2012-2015(i.e. prior to our study period)
of this Oidium indicator. It shows that the powdery mildew infection risk in
Switzerland is highly heterogenous. For example, it is lower in Valais and
Ticino, compared to Geneva or the German-speaking part of Switzerland
(see Supplementary Material C for details). In addition, we also match
survey data with income per capita as well as the share of drinking age
population (e.g. the share of individuals aged 18 or more) at the cantonal
level. Moreover, we match survey data to the number of supermarkets per
drinking age population to proxy potential buyers (refer to Supplementary
Material H for details) (contributors, 2021).

Collected producer characteristics include age and gender, and producers'
risk preferences elicited via Likert type contextualized self-assessment
questions on attitude towards risk taking in different domains. In the main
analysis, we focus on risk preferences in production domain (following
Dohmen et al., 2011; Iyer et al., 2020).23

Before we analyse our data further, we identify and remove outliers from
our datasets. We use the BACON algorithm (Béguin et al., 2008), which
is a multivariate method for outlier detection accounting for continuous
variables used in the regression analysis. Using the BACON algorithm,
we identi�ed 15 observations (i.e. 2.1% of all observations) as multivariate
outliers that are not considered further in our analysis (see Supplementary
Material D for details on the data preparation). Moreover, some observa-
tions face missing values, hence our econometric analysis �nally relies
on 643observations. Table A.7 shows an overview of farm and producer
characteristics.

See Knapp, Bravin, et al. (2019) for further information on variables and
data collection and (Finger, Wüpper, et al., 2022) for additional background
on risk preference elicitation used. Note that the 700observations here are
the result of outlier removal from the initial dataset. The missing values for
some variables allow us to use 643observations in the econometric analysis.

23 We also use producers risk preferences in the marketing (i.e. concerning market and prices)
domain in a robustness check.
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Fungus-resistant variety adoption

Total

(N=700)

No

(N=559)

Yes

(N=141)

Use of fungus-resistant varieties ( 0/1)

No 559(79.9%) 559(100%) 0 (0%)

Yes 141(20.1%) 0 (0%) 141(100%)

Specialized marketing unprocessed grapes

(if > 50% of sales, 0/1)

No 369(53 %) 264(47 %) 105(74 %)

Yes 331(47 %) 295(53 %) 36 (26 %)

Specialized marketing wine

(if > 50% of sales, 0/1)

No 280(40 %) 249(45 %) 31 (22 %)

Yes 420(60 %) 310(55 %) 110(78 %)

Specialized direct marketing

(if > 50% of sales, 0/1)

No 415(59 %) 351(63 %) 64 (45 %)

Yes 232(33 %) 165(30 %) 67 (48 %)

Missing observations 53 (7.6%) 43 (7.7%) 10 (7.1%)

Specialized marketing to retail

(if > 50% of sales, 0/1)

No 520(74 %) 419(75 %) 101(72 %)

Yes 37 (5 %) 35 (6 %) 2 (1 %)

Missing observations 143(20.4%) 105(18.8%) 38 (27.0%)

Non-professional producer

(self-assessed,0/1)

No 620(89 %) 494(88 %) 126(89 %)

Yes 80 (11 %) 65 (12 %) 15 (11 %)

Age (years)

Mean (standard deviation) 53 (± 13) 54 (± 13) 52 (± 12)

Gender

Male 630(90 %) 502(90 %) 128(91 %)

Female 58 (8 %) 51 (9 %) 7 (5 %)

Missing observations 12 (1.7%) 6 (1.1%) 6 (4.3%)

Farm surface (in are, i.e. 100m2, 0.01 hectare)

Mean (standard deviation) 630(± 1000) 620(± 1000) 680(± 910)

Earnings from viticulture (share from total income)

0-25% 248(35 %) 202(36 %) 46 (33 %)

25-50% 75 (11 %) 58 (10 %) 17 (12 %)

50-75% 59 (8 %) 46 (8 %) 13 (9 %)

75-100% 211(30 %) 163(29 %) 48 (34 %)

Missing observations 107(15.3%) 90 (16.1%) 17 (12.1%)

Production system

Non-organic 608(87 %) 506(91 %) 102(72 %)

Organic 92 (13 %) 53 (9 %) 39 (28 %)

Willingness to take risk:

Production domain ( 11-point scale, higher numbers

correspond to more risk averse decision makers)

Mean (standard deviation) 5.7 (± 2.9) 5.4 (± 2.8) 6.6 (± 2.8)

Missing observations 45 (6.4%) 39 (7.0%) 6 (4.3%)

Table A.7: Summary statistics
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a.3.5 Econometric Strategy

We aim to test and quantify the effect of the choice of marketing channels on
the adoption of fungus-resistant grapevine varieties. Our initial speci�cation
uses a simple Ordinary Least Squares (OLS) speci�cation, i.e.

Adoption of fungus resistant varieties i =

b0 + b1,jMarketing Channel i ,j + x
0

i b2 + wr + #i
(A.1)

We de�ne the farm i as an adopter of fungus-resistant varieties if the
farm has one or more fungus-resistant varieties grown on the farm. 24 A key
variable of interest for our analysis is the marketing channel j of farm i). We
consider three marketing channels: First, we distinguish whether producers
sell their unprocessed grapes to downstream processors, or whether they
produce their own wine. Both strategies are not mutually exclusive, as
farms can also sell only shares of their grapes in these channels. Second, we
identify if producers sell their wine mainly via direct marketing (e.g. in their
own farm and/or online shop) if farm i sells the majority of its grapevines
as wine directly to consumers (e.g. share of direct marketing > 50%), Direct
marketing equals 1 and remains 0 otherwise.25 Third, we identify farms
that sell their wine mainly via retail, including sales to commerce and large
distributors, i.e. the share of sales to retail is > 50%).26 Categories 2 and
3 are mutually exclusive and both assume that producers produce their
own wine. Note that we enter the marketing channels in Equation A. 1
individually.

In our analysis we aim to explain the adoption decisions with the mar-
keting channels used, while controlling for structural components that may
also affects the adoption decision (e.g. farm and producer characteristics
and environmental conditions), as indicated by xi in Equation A. 1. In addi-
tion, we add dummy variables for the 6 wine regions in Switzerland (cp.

24 In a robustness check, we also extend this to i) the share of the acreage under fungus-resistant
varieties as well as ii) the number of fungus-resistant varieties used (see below).

25 In a robustness check, we also account for marketing channel percentages, allowing for
mutually non-exclusive marketing forms (e.g. a farm can sell wine through multiple marketing
channels, see Supplementary Material G). Note that some marketing channels are mutually
exclusive to each other, and we thus do not present a model with all marketing channels in
one speci�cation.

26 Although information about marketing wine via gastronomy is available in our survey, we do
not consider it in the analysis due to only few observations.



150 appendix

Figure A.4) wr to account for regional speci�cities in grapevine growing
(e.g. tradition, grape choice, trellis systems).27

We account for a wide range of control variables such as producer's
age and gender, for farm size and production system (dummy indicating
organic production). We also account for the relevance of viticulture in terms
of income, by accounting for dummy variables identifying farms that earn
less than 25% or more than 75% from viticulture, respectively. Additionally,
we control for whether producers do viticulture professionally (to generate
income) or non-professionally (e.g. as hobby or for research purposes).
We control for site-speci�c past powdery mildew infection risk (using the
Oidium index from Dubuis et al., 2014), which proxies the necessity to
use fungicides.28 We cluster error terms at the wine region level (Figure
A.4), which represents the important decision-making unit for labeling,
marketing and coordination (see Supplementary Material B for the number
of observations by cluster). Due to the low number of wine regions, we use
a wild bootstrap approach (e.g. Wooldridge, 2003) .

a.3.5.1 Robustness checks

We conduct various robustness checks to our main speci�cation presented
above. The main goal is to assess the stability of results and address potential
implications of speci�c assumptions.

Omitted variable bias is a concern for our analysis, which we approach in
several ways. Firstly, we account for a large set of covariates which are cho-
sen as they could possibly be correlated with the choice of fungus-resistant
varieties. Secondly, we estimate how much selection on unobservables
would be required to explain away estimated relationships (Oster, 2019).
The rationale of the test is that the larger selection on observables becomes,
the greater our concern about selection in general, including on unobserv-
ables. Technically, we proceed as follows. The estimated coef�cient of the
speci�cation that includes all control variables is denoted as ( bbF). The
estimated coef�cients of a model speci�cation without control variables
is denoted as ( bbR). The ratio of ( bbF) to the difference ( bbR � bbF) gives an
indicator for how much stronger selection on unobservables (dU ) relative
to selection on observables (dO) would need to be to fully explain away
an estimated relationship (i.e. move the previously estimated coef�cient to

27 We also account for the nature of the dataset and add a year dummy. Even though our datasets
is cross-sectional, the data was collected over the period of 3 years (see data section)

28 In our sample, the downy and powdery mildew indices correlate (r = 0.55), and we thus use
only the oidium index.
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zero) (db= 0) : db= 0 = bbF/ ( bbR � bbF). See Oster (2019) for more information
and Schaub (2020) for the here used implementation in R.

Endogeneity is another concern for our analysis. Speci�cally, the choice
of a marketing channel may not be exogenous. For example, the choice of a
speci�c marketing channel serves as the treatment variable in our analysis
and could be associated with particular locations and types of farms, as well
as with speci�c characteristics of producers which all may also correlate
with the uptake of fungus-resistant varieties. We address this unobserved
heterogeneity by using a multinomial treatment effects model (Deb, 2009;
Deb and Trivedi, 2006b) which captures unobserved characteristics that
affect both the uptake of fungus-resistant varieties and the choice of a
marketing channel. We provide details on the model in Supplementary
Material I.

Finally, we conduct a series of further robustness checks to explore the
stability of our �ndings. First, we use logit and probit speci�cations to
estimate the model in equation A. 1. Second, we use percentage values of
the relevance of respective marketing channels (direct marketing or retail)
instead of binary dummies. Third, we investigate the extent of the adoption,
i.e. we go beyond the 0/ 1 decision. We use two alternative speci�cations,
a) the area under fungus-resistant varieties and b) the number of fungus-
resistant varieties at the farm.29 Third, we apply the estimation for several
sample splits. We split the sample by language regions (German, French,
Italian). Next, we split by spatial past powdery mildew infection risk, i.e.
splitting high and low infestation risk regions (using the Oidium index
distribution (Dubuis, Bloesch, et al., 2014)). These sample splits allow us to
explore differences in adoption determinants within our sample.

a.3.6 Results

We �nd that 20.1% of the respondents use fungus-resistant varieties (see
table A.7). However, the acreage under fungus-resistant varieties is only
about 1.2%. We �nd that that our sample is equally consisting of producers
that market grapes (i.e. not producing their own wine) and those marketing
wine. Along these lines, direct marketing is the most relevant distribution
channel (more than 50% of sales) for more than 30% of producers.

The descriptive overview (see table A.7) also reveals �rst clear patterns:
The closer the producers are to consumers, the more likely they are adopters

29 We also used a Tobit speci�cation for both instead of OLS and �nd similar results in terms of
signi�cance and coef�cients.
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of fungus-resistant varieties. We �nd that adopters are more likely mar-
keting wine, not the unprocessed grapes. Also, adopters are more likely
using mainly direct marketing vis-à-vis selling mainly to retail. Moreover,
the descriptive analysis shows that producers that use resistant varieties
are younger, have larger farms and a higher share of revenues from wine
production for farm-level income. Also, organic producers are more likely
to be adopters of fungus-resistant varieties. Additionally, we �nd adopters
to be more risk loving.

Figure A.5: Spatial distribution of our adopter and non-adopter of fungus-
resistant varieties

Note: Each dot represents one farm. Observations are randomly positioned within the
municipalities and do not represent actual locations of the farms. This is done to maintain
anonymity of survey participants.

Figure A.5 shows the spatial distribution of fungus-resistant variety
adoption in our sample. While there are adopters of resistant varieties in
all wine regions of Switzerland, we �nd some regional patterns. We �nd
lower uptake rates in Ticino ( 11%), Valais (13%) and Vaud (17%), while
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fungus-resistant variety cultivation is more pronounced around the Three
lakes (22%), Geneva (25%) and in the German speaking part ( 29%).30

Table A.8 summarizes coef�cient estimates of our main econometric spec-
i�cation (OLS, equation A. 1). We here focus our analysis to the marketing
channels. The econometric analysis largely supports the descriptive pattern.
We �nd that producers who market mainly unprocessed grapes are less
likely to adopt fungus-resistant varieties. Being specialized in marketing
grapes is associated with approximately a 10.8% decrease in the proba-
bility of uptake of fungus-resistant varieties. In contrast, producers who
are specialized in marketing wine as a �nal product are more likely to
uptake fungus-resistant varieties ( 8.5% increase in the probability of up-
take of fungus-resistant varieties). Furthermore, producers specialized in
direct marketing of their wines are more likely to adopt fungus-resistant
varieties (7.8% increase in the probability of uptake of fungus-resistant
varieties). In contrast, producers specialized in marketing to retail make
less use of resistant varieties (14.8% decrease in the probability of uptake of
fungus-resistant varieties).

a.3.6.1 Robustness checks

In this section, we present results from various robustness checks.
First, we present results for Oster bounds where we aim to quantify

i) how much stronger selection on unobservables (relative to selection
on observables (delta), would be needed to move initial estimates to zero
(beta = 0) and ii) how our main estimates would change (beta) if the selection
on unobservables was as strong as selection on observables (delta =1)
(Oster, 2019). Our results (Table A.6) suggest strong stability. For example,
potentially missing unobserved variables would need to be more than 2.73
times as important as the rich set of observables considered in the above
presented regression analysis to render coef�cients for direct marketing
presented in table A.8 zero. With equal selection (delta=1), our baseline
estimate would shrink only slightly compared to initial coef�cient estimates
reported in table A. 8.

Second, we present results from the multinomial treatment effect model
in table A. 9. Results support our �ndings from the initial speci�cation, i.e.

30 These spatial tendencies partly re�ect environmental conditions (e.g. powdery mildew infection
risks, see online Supplementary Material C) but also cultural and market characteristics. For
example, the share of fungus-resistant varieties allowed in cantonal regulations on appellation
of origin (AOC/DOC) re�ects also the share of adoption of fungus-resistant in these cantons
(Supplementary Material A).
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Fungus-resistant variety adoption ( 1/0)

(1) (2) (3) (4)

Variables on Marketing Channels

Specialized marketing grapes (1/ 0)
-0.108***

(0.034)

Specialized marketing wine ( 1/ 0)
0.085***

(0.033)

Specialized direct marketing ( 1/ 0)
0.078***

(0.025)

Specialized marketing retail ( 1/ 0)
-0.148***

(0.026)

Control Variables Yes Yes Yes Yes

Year dummies Yes Yes Yes Yes

Wine region dummies Yes Yes Yes Yes

Number of observations 643 643 600 514

R2 0.115 0.108 0.111 0.104

Adjusted R2 0.091 0.084 0.085 0.073

Table A.8: Coef�cient estimates for the initial speci�cation (OLS, equation A. 1)

Note: *, **, and *** indicate signi�cance at the 10%, 5% and 1% level, respectively. Clustered
and wild bootstrapped standard errors at the wine region are shown in parentheses. See
Supplementary Material E for coef�cient estimates of control variables.

coef�cients have the same signs and precision. However, the magnitude of
the individual effects is larger compared to our main speci�cation presented
in table A. 8. Note that parameters presented in table A.9 can be interpreted
directly in percent changes in the outcome. We �nd that farms who are
specialized in direct marketing are 34% more likely, whereas farms special-
ized in marketing to retail are 15.4% less likely to adopt fungus-resistant
grapevines, however it is insigni�cant. The multinomial treatment effect
model also provides evidence that farms who are more likely to market
directly/to retail adopt fungus-resistant varieties more/less often, respec-
tively, while accounting for unobserved characteristics. 31 We conclude that

31 Other individual characteristics are also statistically signi�cant in the outcome equation. Refer
to Supplementary Material F for more details.



A.3 short supply chains and fungus -resistant grapevines 155

our OLS estimates in table A.8 are therefore lower-bounds of the effects,
and that the effects are likely to be larger than our initial estimation.

Fungus-resistant variety adoption ( 1/0)

Difference form base category: 1 if specialized in

direct marketing, 0 otherwise

0.340***

(0.028)

Difference form base category: 1 if specialized in

marketing to retail, 0 otherwise

-0.154

(0.081)

Controls Yes

Year dummies Yes

Wine region dummies Yes

Number of Observations 605

Table A.9: Coef�cient estimates for the Outcome equation of the multinomial
treatment effect estimation

Note: *, **, and *** indicate signi�cance at the 10%, 5% and 1% level, respectively. We use a
normal (Gaussian) distribution function. Refer to Supplementary Material F for full
regression output. Note that some observations are dropped due to missing demand side
factors.

Direct marketing Retail

(1) (2) (3) (4)

Beta 0 0.0537 0 -0.150

Delta 2.73 1 328 1

R2 max 0.144 0.144 0.135 0.135

Figure A.6: Oster bounds

Note: We follow Oster ( 2019) and chose R2

max as 1.3 times the R2 in the regression
with controls (Table A. 8). Very high values
for Delta for Retail may also be due to the
low number of adopters of fungus-resistant
varieties among producers mainly using this
marketing channel.

Third, we summarize �ndings
from various additional robustness
checks that aim to explore the sta-
bility of our �ndings. i) Using logit
and probit speci�cations to estimate
the model in equation A. 1, we �nd
similar directed effects and levels of
signi�cance (see table G1 in Supple-
mentary Material G). ii) Using per-
centage values of the relevance of re-
spective marketing channels (instead
of binary dummies) leads to similar
directed effects, i.e. signs and signif-
icance levels are the same as in the
initial speci�cations (see table G 2 in
Supplementary Material G). iii) We

investigate associations of marketing channels and the extent of the adop-
tion, i.e. the area under fungus-resistant varieties and the number of fungus-
resistant varieties at the farm. Results show similar signs and signi�cance
levels of the effects as shown in main speci�cation. For example, farms
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specialized in direct marketing are associated with 300 m2 (3 are, 0.03
hectare) higher acreage under fungus-resistant varieties (see �gure G4 in
Supplementary Material G). iv) We split the sample by language regions
(German, French, Italian speaking) and re-run the analysis. We �nd that
coef�cients consistently have similar directed signs and magnitudes (see
table G5 in Supplementary Material G). Yet, only speci�c coef�cients were
signi�cant in subsample analysis, especially because sample splits reduce
the sample sizes (and share of adopter of fungus-resistant varieties) consid-
erably. v) We split the sample by spatial past powdery mildew infection risk
(using the Oidium index distribution (Dubuis, Bleyer, et al., 2019)). More
speci�cally, we split the sample into high pest pressure location (e.g. the
observations which are in the top tercile of the Oidium index distribution)
and the rest. We �nd lower relevance of marketing channels (e.g. in terms
of signi�cant variables and magnitude) for the high pest pressure sample
compared to the rest (see table G6 in Supplementary Material G). This may
indicate that here the high pest pressure is the main driver of adoption
of fungus-resistant varieties. But marketing channels remain a relevant
determinant of adoption for the regions with lower pest pressure.

a.3.7 Discussion

Given the large economic and policy relevance of pesticide use reduction
in grapevine production, our analysis on the adoption of fungus-resistant
grapevine varieties sheds light on a relevant but under-researched aspect
of agriculture. We here show the relevance of marketing channels used by
producers for the adoption of fungus-resistant grapevine varieties, which
imply substantially lower pesticide use. Our results narrow down to a
simple conclusion: the more distant the producer is from the �nal consumer
of wine (e.g. by marketing unprocessed grapes instead of the �nal wine, or
by mainly delivering to retail, instead of directly marketing to consumer),
the less likely the producer will use fungus-resistant varieties. So shorter
value chains can support the adoption of fungus-resistant varieties and
thus contribute to lower pesticide use. This especially may re�ect the addi-
tional opportunities in these marketing channels to directly communicate
attributes of rather new grapevine varieties, without relying on consumers
association with established grapevine varieties. Thus, creating more direct
connection points between producers and consumers may facilitate a tran-
sition towards low-pesticide and more sustainable grapevine production.
This �nding is in line with earlier �ndings on the role of short supply chains.
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For example, that organic grapevine producers in France were more likely
sell via short supply chains (Aubert et al., 2016). This �nding serves as a
basis for industry and policy decisions. For example, a concerted effort may
bring together activities in breeding, including new breeding technologies
(Bavaresco and Squeri,2022; Qaim, 2020), and introduction of new fungus-
resistant varieties and creation of appropriate information (e.g. labelling)
and marketing channels.

Another opportunity is to push for stronger reliance on blending fungus-
resistant varieties with other varieties (in a cuvée) vis-à-vis marketing it
as a single variety wine (which is most relevant in Switzerland currently)
(Pedneault et al., 2016). These steps could also be supported by policy, e.g.
by supporting (more) direct marketing channels, consumer and producer
information campaigns on fungus-resistant varieties. Producers' transition
towards fungus-resistant varieties can also be facilitated with investment
support as well as via education and extension services (e.g. Wuepper,
Roleff, et al., 2020). This shall also include producer associations (e.g. PIWI
association), where PIWI stands for `pilzwiderstandsfähig', German for
fungus-resistant, which also can serve as relevant label for wines (e.g.
Pedneault et al., 2016). Moreover, efforts to foster the use of fungus-resistant
varieties can complement other actions to reduce pest pressure and reduce
pesticide use. In that respect, fungus-resistant varieties are one out of
several components in an integrated pest management toolbox, and not a
stand-alone solution (e.g. Pertot et al., 2017).

Our results show that the use of fungus-resistant varieties is highly
regionally speci�c within Switzerland. For example, uptake rates are higher
in wine production regions in the German speaking part of Switzerland,
Geneva and the Three Lakes region. In contrast, the uptake of fungus-
resistant varieties is lower in the wine production regions of Ticino, Valais,
and Vaud. Thus, policies to support the uptake of fungus-resistant varieties
needs to be tailored regionally, e.g. accounting for differences in farm
and market structures, culture and environmental conditions. Along these
lines, also further characteristics of the market in�uence wine production
decisions.32 For example, fungus-resistant variety use may be connected to
labels such as Geographical Indications (e.g. in Switzerland, the labelling
system is appellation of origin AOC/DOC, see also Supplementary Material
A). The interrelation between geographical indication, fungus-resistant
varieties and policies needs attention in further research. Moreover, the

32 Heritage and tradition also in�uence wine production decisions (De Steur et al., 2020). New va-
rieties may be viewed as less traditional than well-established varieties acting as a disincentive
for farmers to adopt.
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descriptive statistics reveal that producers that use fungus-resistant varieties
are on average younger, have larger farms, a higher share of revenues
from wine production for farm-level income and are more likely organic.
Additionally, adopters are more risk loving. This indicates that policies
shall also be tailored to characteristics of the farm and the producer.

Short supply chains and low-pesticide grapevine production can also
have strong spillovers to other aspects of farm management and agricultural
policy. For example, agri-tourism, including direct marketing, is a highly
relevant income source in many European countries, and contributes to
resilience of farming systems but also contributes to rural economies as well
as farmers risk management (e.g. Dries et al.,2012; Meraner et al., 2015).
Thus, exploiting new on-farm income sources and new marketing channels
jointly with fungus-resistant varieties may be embedded in a larger frame-
work of rural development. This development goes along with stronger
emphasis on short supply chains in European agriculture and policy (e.g.
Aubry et al., 2013; Chiffoleau et al., 2019). Here also the use of speci�c `low
pesticide' wine production labels could be promising (Nesselhauf et al.,
2019). Along these lines, the integration of fungus-resistant varieties into
existing labeling structures, such as for the appellation of origin shall have
priority. Varietal choice has further implications. For example, choosing a
wider range of varieties may serve as a risk management strategy (Knapp
and Finger, 2020). For instances, farmers may reduce their overall risk expo-
sure by using different varieties with different vulnerabilities to weather
and pests . This provides further rationale to support the development and
uptake of fungus-resistant varieties. Along these lines, grapevine produc-
tion faces further long-term challenges. For example, climate change will
affect grapevine yield and quality as well as a potential increase in pest
pressure (e.g. Deutsch et al.,2018; Vitasse et al.,2018).

Our �nding that shorter supply chains can facilitate a transition towards
more sustainable production systems is also applicable for other crops, see
e.g. Smith (2008). However, there are differences across types of crops and
products up to which short supply chains can be exploited. For example,
direct marketing may not be applicable for commodities like cereals so
other short supply networks are required (see Smith ( 2008), for an overview
and Möhring and Finger ( 2020), for an example).

Our �ndings have implications for other countries beyond Switzerland.
For example, the European Union aims to massively reduce pesticide use
and risk (i.e. by 50% until 2030, (Schebesta et al.,2020)). Similar to many
regions worldwide, grapevine production is a highly relevant source of
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pesticide use in the European Union (e.g. Pertot et al., 2017). The use of
fungus-resistant varieties is thus a key measure to achieve targeted reduc-
tions in pesticide use, without reducing quantity and quality of production
levels (e.g. Pedneault et al.,2016; Pomarici and Sardone,2020). However, our
analysis shows that providing alternative varieties alone is not suf�cient to
foster their wide-spread adoption. We provide �rst policy relevant insights
how policy action can be tailored also in the European Union and other
regions in the world.

a.3.8 Conclusion

The use of fungus-resistant grapevine varieties could allow substantial
reductions in pesticide use, but the adoption and diffusion of these varieties
globally is still very limited. We here provide the �rst paper investigating the
adoption of these varieties. More speci�cally, we investigate the farm-level
adoption decision of fungus-resistant grapevine varieties in Switzerland and
provide insights into the determinants and barriers for their wide-spread
use. Using survey data from 775producers, we especially investigate the
relevance of marketing channels for the uptake of fungus-resistant varieties.

We �nd that while 20.1% of the surveyed Swiss grapevine producers use
fungus-resistant varieties, the acreage under fungus-resistant varieties is
only about 1.2%. Our results show positive associations of adoption and
the use of marketing wine, not grapes, and the use of direct marketing
vis-à-vis selling wine to retail. The less distant the producer is from the �nal
consumer of wine, the more likely the producer will use fungus-resistant
varieties.

For industry and policy this implies that creating shorter supply chains,
i.e. more direct connection points between producers and consumers, may
facilitate a transition towards low-pesticide grapevine production. Policy
may also develop a concerted and coherent set of activities that combines
breeding of new fungus-resistant varieties and creation of appropriate in-
formation and marketing channels. Next to supporting the development of
fungus-resistant varieties, industry and policy can support (more) shorter
supply chains such as direct marketing channels, consumer and producer
information campaigns and labeling on fungus-resistant varieties. Policy
makers can also support producers' transition towards fungus-resistant vari-
eties via �nancial support, education, and extension. Our �ndings highlight
the possible interlinkage between combining shorter supply chains, diversi-
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�cation of farm activities and a shift towards more sustainable agricultural
practices. Thus, there may be sweet spots for agricultural policies.

Further research may explore evidence on the uptake of fungus-resistant
varieties also in other countries. Establishing panel datasets will allow
natural variations in marketing channels to be exploited, as well as market
and environmental conditions and thus improve identi�cation strategies.
Future research may also quantify the relevance of other public and industry
policies that matter for the adoption. For example, labeling, relations to
geographical indications, as well as targeted training and extension as
these may be important leverage points for the adoption of fungus-resistant
varieties.

a.3.9 Appendix

Supplementary materials are available via https://onlinelibrary.wiley.

com/action/downloadSupplement?doi=10.1002%2Faepp.13337&file=aepp13337-

sup-0001-supinfo.docx .



a.4 barriers to evidence use for sustainabil ity : insights
from pesticide policy and practice

Calls for supporting sustainability through more and better research rest
on an incomplete understanding of scienti�c evidence use. We argue that
a variety of barriers to a transformative impact of evidence arises from
diverse actor motivations within different stages of evidence use. We ab-
ductively specify this variety in policy and practice arenas for three actor
motivations (truth-seeking, sense-making, and utility-maximizing) and �ve
stages (evidence production, uptake, in�uence on decisions, effects on
sustainability outcomes, and feedback from outcome evaluations). Our in-
terdisciplinary synthesis focuses on the sustainability challenge of reducing
environmental and human health risks of agricultural pesticides. It identi-
�es barriers resulting from ( 1) truth-seekers' desire to reduce uncertainty
that is complicated by evidence gaps, (2) sense-makers' evidence needs
that differ from the type of evidence available, and ( 3) utility-maximizers'
interests that guide strategic evidence use. We outline context-speci�c re-
search–policy–practice measures to increase evidence use for sustainable
transformation in pesticides and beyond.

This section is published as: Hofmann, Benjamin, Karin Ingold, Christian
Stamm, Priska Ammann, Rik I. L. Eggen, Robert Finger, Samuel Fuhrimann,
Judit Lienert, Jennifer Mark, Chloe McCallum, Nicole Probst-Hensch, Ueli
Reber, Lucius Tamm, Milena Wiget, Mirko S. Winkler, Lucca Zachmann
and Sabine Hoffmann. “Barriers to Evidence Use for Sustainability: Insights
from Pesticide Policy and Practice.” Ambio 52 (November 17, 2022): 425–39.
https://doi.org/10.1007/s13280-022-01790-4 .
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a.4.1 Introduction

To support sustainable development and biodiversity conservation, schol-
ars have been calling for expanding sustainability science (Messerli et al.,
2019), re-thinking knowledge production and use (Abson et al., 2017), pro-
moting action-oriented knowledge (Caniglia, Luederitz, et al., 2020), and
co-producing knowledge among researchers, policymakers, and practition-
ers (Cvitanovic et al., 2018; Norström et al., 2020). Such calls build on —
often implicit — assumptions about why scienti�c evidence succeeds or
fails to generate impact. The impact may depend on scientists' evidence
supply, policymakers' and practitioners' evidence demand, or the matching
of both (McNie, 2007). However, empirical analyses of evidence use remain
fragmented across disciplines and focused on selected processes and actors
(Oliver et al., 2019). This makes it dif�cult to fully understand the barriers to
evidence use for sustainability, which is characterized by multidimensional-
ity, complex processes, and diverse actors. Consequently, the analytical basis
for debating the future directions of sustainability research is incomplete.

We argue that the role of scienti�c evidence needs to be studied through
actor motivations and stages of evidence use. Studying motivations within
different stages helps understand the manifold barriers to evidence use
for transforming socio-ecological systems toward greater sustainability. We
consider that actors in the policy and practice arenas are driven by three
motivations (truth-seeking, sense-making, and utility-maximizing) in �ve
stages (evidence production, uptake, in�uence on decisions, effects on sus-
tainability outcomes, and feedback from evaluating effects). Combining
motivations and stages expands actor-centered work on science impacts
and promises �ne-grained assessments that can inform context-speci�c re-
search–policy–practice strategies to increase evidence use for sustainability.

We illustrate our argument using the environmental and human health
risks of agricultural pesticides as a typical sustainability problem. Pesticide
risk reduction is a complex socio-ecological challenge at the food-health-
environment nexus of several UN Sustainable Development Goals (SDGs) —
food security (SDG 2), good health (SDG 3), clean water (SDG 6), economic
growth (SDG 8), responsible consumption and production (SDG 12), and
protection of life on land (SDG 15). It involves goal con�icts, con�icts
between actors, and uncertainties regarding pesticides' effects on human
and environmental health and the economic implications of plant protection
alternatives. Pesticide use causes pollution risks globally (Tang et al., 2021)
and contributes to biodiversity loss (Sánchez-Bayo et al., 2019). While rising
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public attention and initiatives like the EU's Farm-to-Fork Strategy create
opportunities for sustainable transformation (Schebesta et al., 2020), recent
policy responses to growing food insecurity might result in increased
pesticide use (Strange et al.,2022).

We developed our argument through abduction, i.e., the creative construc-
tion or re�nement of theory based on new empirical insights (Timmermans
et al., 2012). Our interdisciplinary research team comprises members with
theoretical knowledge of evidence use for sustainability and members with
multifaceted empirical knowledge of pesticide governance and use. In a
year-long, iterative knowledge integration process consisting of integration
by a leader and common group learning (Hoffmann, Pohl, et al., 2017),
we brought together theoretical propositions about actors' evidence use
and empirical insights from pesticide decision-making. The former were in-
spired by behavioral logics related to evidence supply and demand (Dewulf
et al., 2020; McNie, 2007) and by stages of evidence use (Rickinson et al.,
2021); the latter considered the need to analyze pesticide policies and prac-
tices concurrently and from multiple disciplinary angles (Möhring, Ingold,
et al., 2020). Working back and forth between theory and empirics, we
speci�ed a variety of barriers to evidence use for sustainability.

In this perspective article, we systematically discuss theoretical and em-
pirical literature that we judged most relevant to stimulate scholarly debate
on actors' evidence use. First, we introduce our argument about the in-
teraction of different actor motivations within stages of evidence use into
the discourse on science for sustainability. Second, we empirically apply
the argument to pesticide risk reduction and identify manifold barriers
to a transformative impact of scienti�c evidence. Third, we re�ect on the
argument's limitations. Fourth, we conclude by deriving recommendations
on how to improve evidence use for tackling pesticide risks and other
sustainability challenges.

a.4.2 Actor motivations and stages of evidence use

Our argument builds on the premise that scienti�c evidence can contribute
to sustainability transformations by informing policy and practice. Scien-
ti�c evidence denotes the explicit interpretation of information, data, or
facts generated through a formalized process and used to support or re-
fute certain statements or arguments (Majone, 1989; Raymond et al., 2010).
Along pragmatist lines, we understand science to provide tentative truths
and uncertainty evaluations that may change over time (Johnson et al.,
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2004). Policies are outputs of governance arrangements in which public
and private actors seek solutions to societal problems (Knill et al., 2020).
Policies typically seek to shape practices comprising techniques, methods,
and procedures in public or private service delivery, production, marketing,
or consumption. Cumulative policy and practice changes represent sus-
tainability transformations when converging around outcomes that foster
human development within planetary boundaries (Patterson et al., 2017).
Sustainability is achieved in the “safe and just operating space” that pro-
vides the socio-economic foundations for human development without
surpassing the environmental ceiling (Dearing et al., 2014). We consider
that, while not being a panacea, the use of scienti�c evidence can unfold
transformative impact, i.e., it can help identify and select pathways into
this space.

A transformative impact toward sustainable policies and practices is
a main purpose of sustainability science (Caniglia, Luederitz, et al., 2020;
Tengö and Andersson, 2022). Existing research in environmental governance
(Haas, 2004), science and technology studies (Callon, 1986; Nimmo, 2016),
knowledge translation and utilization (Heinsch et al., 2016), and evidence-
based policy-making and practice (Boaz et al., 2019) has shown that scienti�c
evidence can inform policy and practice change. Science communication
research has generated guidelines on how scientists can increase evidence
use further (Rose et al. 2020). Work on actor-worlds (Callon, 1986) and
-scenarios (Borst et al.,2019), however, suggests that targeted actors differ
in how they translate evidence into action. Knowledge translation scholars
argue that key messages need to be selected for different actors and tailored
to, inter alia, their needs, interests, norms, and routines (Grimshaw et al.,
2012; Hoffmann, Thompson Klein, et al., 2019). Others added that intense
exchange between researchers and targeted actors can ensure knowledge
use in policy and practice (Gredig et al., 2021). Drawing on research on
environmental governance, evidence use, and knowledge for sustainability,
we develop an argument that captures a broad variety of barriers to a
transformative impact of evidence and reconciles existing recommendations
on how to overcome them.

At the core of evidence use are actors, de�ned here as human individuals
or organizations that have “the capacity to comprehend a given situation
or re�ect upon a set of circumstances and to act in order to reshape these
circumstances to a greater or lesser degree” (Nimmo, 2016, p. xxvi). Actors
can assume the political roles of policymakers (e.g., parliamentarian) or
stakeholders (e.g., Farmers' Union) and practice roles along the value
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chain, from producers (e.g., farmer) to intermediaries (e.g., retailer) and
consumers. Roles sometimes overlap, for instance, when individuals are
both practice actors and members of political organizations. Human agency
both produces and is embedded in socio-economic and political structures
circumscribing the leeway and in�uence in decision-making.

We advocate studying how different motivations of policy and practice
actors interact within stages of evidence use to identify barriers to evidence
use for sustainability. We distinguish �ve stages of evidence use (cf. Rickin-
son et al., 2021) broadly understood: [ 1] evidence production; [ 2] evidence
uptake; [3] in�uence of evidence on co-evolving policies and practices; [ 4]
effects of evidence-informed policies and practices on sustainability out-
comes; and [5] new evidence production using feedback from the evaluation
of effects. We argue that evidence use in these stages can best be under-
stood through the complementary application of three ideal-typical actor
motivations. Each stylized motivation involves a distinct logic of how actors
treat scienti�c evidence. Depending on the prevailing motivations, the main
barriers to the transformative impact of evidence are rooted in its supply,
demand, or mismatch of both (McNie, 2007). Building on actor-centered
work, our argument underlines that actors with different motivations may
shape different stages of evidence use and that motivations may even vary
in between stages. Recognizing this diversity will produce a comprehen-
sive assessment of barriers to evidence use for sustainability. It can inform
the choice of measures for increasing evidence use proposed in different
streams of literature.

First, truth-seeking actors make decisions based on the best available
scienti�c evidence. This presupposes assigning truth values to evidence
and often also constructing evidence hierarchies (cf. Cairney, 2016). For
truth-seeking policymakers and practitioners, more and better evidence
supply by scientists (i.e., push) facilitates the identi�cation and selection
of pathways toward sustainable transformation (Haas, 2004; Montpetit
et al., 2015). Notably, evidence helps tackle sustainability challenges by
decreasing uncertainty, mapping complexity, and triggering changes in
previously con�icting preferences (Haas, 2004; Messerli et al., 2019).

Second, sense-making actors seek to integrate scienti�c evidence into
their belief systems (Dewulf et al., 2020). For such policymakers and prac-
titioners, the impact of science on preferences and perceived uncertainty
and complexity depends on the match of the needed and supplied evi-
dence. This match includes the resonance of scienti�c evidence with the
actors' individual experiential knowledge (Raymond et al., 2010) and their



166 appendix

need for both problem-oriented (causal) and solution-oriented (actionable)
knowledge (Caniglia, Schäpke, et al., 2017; Tengö and Andersson, 2022).
Meaningful knowledge co-production (Norström et al., 2020), a multiple
evidence base drawing on different knowledge systems (Tengö, Brondizio,
et al., 2014), and target-speci�c science adaptation and dissemination at
windows of opportunity (Rose et al., 2020) also facilitate transformative
impact.

Third, utility-maximizing actors strategically employ scienti�c evidence
to pursue prede�ned interests. Utility varies across actors, for instance, in-
cumbent �rms might want to protect established business models, whereas
civil society organizations might pursue goals congruent with the public
good. Either way, strategic actors use evidence to substantiate their prefer-
ences in political con�icts and change others' perceptions of uncertainty and
complexity accordingly (Choi, 2005; Weiss,1979). This strategic demand for
evidence (i.e., pull) shapes evidence uptake and, possibly, generation; and
its effects on sustainability depend on whether these actors are interested
in sustainable transformation.

While utility-maximizing, sense-making, and truth-seeking re�ect distinct
logics of treating evidence, an actor may be driven by varying motivations
within this spectrum depending on the decision context. We propose these
motivations as analytical lenses for grasping actor-related barriers to ev-
idence use, but we will also offer some normative considerations about
increasing evidence use for sustainability.

Systematically applying the actor motivations across stages of evidence
use has several advantages. By considering all major stages, our approach
is open-ended regarding where barriers to the transformative impact of
evidence are located (Fig. A.7). While gaps in evidence production [ 1]
constrain truth-seekers, barriers may also emerge in other stages [2–5].
By placing actors at its center, our approach considers that uncertainty
perceptions, beliefs, interests, and power relations can modulate the impact
of evidence (Ingold et al., 2014; Patterson et al.,2017). For instance, scientists'
insuf�cient evidence adaptation to sense-makers (Hoffmann, Thompson
Klein, et al., 2019) and utility-maximizers' strategic evidence uptake [ 2] may
limit this impact. Additionally, the value trade-offs that actors face regarding
sustainability problems (Messerli et al., 2019; Tengö and Andersson, 2022)
may shape how evidence in�uences their decisions [ 3]. By covering both
policy and practice, this approach assesses these and other barriers in two
decision-making arenas that are interconnected through co-evolutionary
dynamics (Boaz et al., 2019; Edmondson et al., 2019).
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Figure A.7: Actor motivations and stages of evidence use for sustainability.

Note: Political and practice actors and their relations in�uence scienti�c evidence
production [ 1], determine evidence uptake [ 2], and shape how evidence in�uences
decisions in the co-evolving policy and practice arenas [ 3]. By implementing
evidence-informed policies and practices, actors can transform sustainability outcomes [ 4]
whose evaluation may serve to generate new evidence [5]. Barriers to the transformative
impact of evidence differ depending on actor motivations in each stage of evidence use.
Source: Authors; icons: �rst two icons made by Freepik from www.�aticon.com; third icon
made by Karacis from www.�aticon.com (all subject to Flaticon license)
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Gaining a holistic understanding of actor motivations in stages of evi-
dence use demands interdisciplinary integration. Combining inputs from
natural, health, social science, and other disciplines allows researchers to:
identify a broad range of evidence on biophysical, socio-economic, and
other relevant aspects of sustainability problems; trace actors' evidence
use in social, economic, and political terms; and analyze the sustainabil-
ity outcomes of evidence-informed decisions in terms of socio-economic
foundations and environmental ceilings. Next, we study an exemplary sus-
tainability challenge from an interdisciplinary angle to illustrate the variety
of barriers to evidence use resulting from diverse actor motivations within
stages of evidence use.

a.4.3 Barriers to evidence use in pesticide policy and practice

We empirically explored evidence use for sustainability in agricultural
pesticide policy and practice (Fig. A. 8). Pests and diseases cause yield
losses of17%–30% globally (Savary et al., 2019). A widespread strategy to
control them and to ensure agricultural product quality is the application
of pesticides, which entail environmental and human health risks. Studying
how actor motivations within different stages of evidence use may block
a transformative impact of evidence toward sustainable risk reduction of
pesticides, we concentrated on:

• Scienti�c evidence, especially about the adverse external effects of agri-
cultural pesticide applications on environmental and human health.

• Pesticide-related policies, including the regulation of registration, ap-
plication, and residue levels of plant protection products and general
agricultural policy.

• Pesticide-related practices in agriculture with risk reduction measures,
such as ef�ciency gains in pesticide use, substitution, and system re-
design (Möhring, Bozzola, et al., 2020).

• Sustainability outcomes, comprising socio-economic well-being (e.g.,
viable farms) and food security and safety without posing excessive
risks for environmental and human health.

We synthesized insights from environmental and health sciences, political
science, decision analysis, agricultural economics, and agronomy. Our focus
was on cutting-edge research from these disciplines and �elds that helps
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Figure A.8: Evidence use for sustainable pesticide risk reduction.

Note: Policymakers, stakeholders, and value chain actors in�uence scienti�c evidence
production regarding pesticide use, exposure, and effects [1]. Actors' uncertainty
perceptions, beliefs, and interests shape evidence uptake [2]. Power relations modulate
evidence's in�uence on pesticide-related policy and practice decisions characterized by the
trade-offs between objectives [3]. Implementing more or less evidence-informed decisions
produces sustainability outcomes [ 4] whose evaluation provides feedback for new evidence
production [ 5]. Evidence use has a transformative impact when facilitating the selection of
pathways into a safe and just operating space. Source: Authors.
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infer barriers to evidence use for sustainability. We focused on the Global
North, especially Europe, where recent policy initiatives (Schebesta et al.,
2020) and zero-pesticide visions herald potential momentum for sustainable
transformation. We applied the three stylized actor motivations across
the �ve stages of evidence use to identify a variety of barriers to the
transformative impact of scienti�c evidence (Table A. 10). Below, we explain
for each stage the barriers resulting from the different actor motivations.

Actor motivations

Stage of evidence use Truth seeking Sense-making Utility maximizing

1. Evidence production Evidence gaps create
uncertainties

Imbalance of causal
and actionable evi-
dence

Status quo actors in�u-
ence evidence produc-
tion

2. Evidence uptake Uncertainties contest
need for policy/prac-
tice change

Evidence not matching
actors' prior beliefs

Actors' interests guide
evidence provision or
uptake

3. In�uence of evi-
dence on policy and
practice decisions

Low evidence accumu-
lation prevents innova-
tion

Available evidence
does not match actors'
needs

Powerful status quo ac-
tors limit in�uence of
evidence

4. Effects of evidence-
informed policies and
practices

Unintended effects due
to siloed evidence base

Ineffectiveness due to
mismatch with needs
of targeted actors

Implementation
de�cits due to neglect
of interests of key
actors

5. Evidence feedback Time lags and missing
data/ tools in evalua-
tion of effects

Scienti�c and experien-
tial evaluations diverge

Status quo interests im-
pede appropriate feed-
back

Table A.10: Potential barriers to the transformative impact of evidence

a.4.3.1 Stage1: Evidence production

Applying the three actor motivations to evidence production reveals that
science's limited transformative impact may be linked to evidence gaps,
imbalances in the type of evidence produced, and the strategic shaping of
evidence by status quo interests.

Truth-seeking actors can �nd ample evidence for pesticides' adverse
effects on environmental and human health. Agricultural pesticides often
constitute a major ecotoxicological risk to aquatic life (Schulz et al., 2021),
frequently reach critically high concentrations in pollen as food for key
pollinators like honeybees (Zioga et al., 2020), and are widespread in soils
(Riedo et al., 2021). Environmental science has found abundant evidence
for pesticide toxicity on non-target organisms and its subsequent effects
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on higher biological levels, such as community structures and functions
(Gunstone et al., 2021; Schulz et al.,2021). Moreover, speci�c pesticides have
numerous human health consequences (Kim et al., 2017). Researchers have
found headaches, sleep problems, and respiratory disorders as some of the
acute pesticide exposure symptoms and associated chronic exposure to even
low pesticide levels with neurological and mental disorders, reproductive
problems, and cancer (Ohlander et al., 2020). However, assigning causality
to observed correlations, especially for chronic effects, remains challenging
(Ohlander et al., 2020). Little knowledge also exists about the integrated net
exposures of different population subgroups (e.g., farming/non-farming
and urban/rural) to speci�c chemicals and the contributions of different
sources (e.g., occupational and residential exposure). Disentangling the
quantitative contributions of single factors, such as pesticide use in multi-
stressor contexts, is another key challenge (Wagner et al.,2021). Although
suf�cient evidence exists to justify pesticide risk reduction actions, truth-
seeking decision-makers have to cope with evidence gaps and uncertainties.

Evidence gaps are more nuanced in the case of sense-making actors; for
them it matters which type of evidence is needed and supplied. Many
researchers recommend managing pests by promoting natural enemies,
but actionable evidence for implementing such conservation biocontrol is
lacking. The available evidence mis�ts farmers' needs in practical decisions
and fails to address conservation practitioners and policymakers that could
create incentives for adoption (Chaplin-Kramer et al., 2019). Producing
more causal evidence regarding pesticides' adverse effects cannot overcome
such mismatches.

Exclusively focusing on evidence gaps or mismatches neglects that some
utility-maximizing actors try to strategically in�uence evidence production
to accelerate, deviate, or stop transformative processes. Transformation,
and the evidence supporting it, promote or threaten actors' interests. For
instance, pressured by environmental NGOs, European regulatory bodies
have used scienti�c expertise to substantiate calls for regulatory intervention
on neonicotinoids (Rimkut �e, 2015). In other cases, input suppliers with
commercial stakes in maintaining the status quo funded research that
challenged evidence about pesticides' negative externalities (Rohr, 2021).

a.4.3.2 Stage2: Evidence uptake

After scienti�c evidence production, the various motivations of policy and
practice actors suggest that uncertainties related to available evidence,
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limited resonance of evidence with actors' beliefs, and an interest-guided
selection and interpretation of evidence may limit evidence uptake.

For truth-seeking decision-makers and stakeholders, uncertainty can
limit evidence uptake. In the policy arena [ 2a] (Fig. A.8), uncertainties may
fuel controversy over the need for pesticide policies and further regula-
tion. Relevant uncertainties comprise the causal inferences when multiple
environmental stressors are present (Wagner et al.,2021) and the adverse
human health effects of pesticide use (Ohlander et al., 2020) and reduc-
tion (e.g., farmers suffering from increased stress). However, as explained
above, these uncertainties are not large enough to question pesticide risk
reduction efforts. In the practice arena [ 2b], uncertainty-reducing evidence
about pesticide effects can change the perceptions, beliefs, and preferences
of farmers, the key actors in pesticide use. For example, providing toxicity
information on pesticides as a nudge in the form of labels can incentivize
farmers to adjust their production practices toward lower pesticide risks
(Buchholz et al., 2021).

Alternatively, evidence uptake may fail when scienti�c evidence does
not match sense-making actors' basic knowledge and convictions. In the
policy arena [2a], many con�icts over future food systems are rooted in
controversies about what knowledge is relevant and credible (Turnhout
et al., 2021). Framing evidence around pressing actor-speci�c and societal
needs can increase its perceived relevance (Rose et al.,2020). In the practice
arena [2b], another important prerequisite for uptake is the evidence's
resonance with actors' concerns and moral considerations. For instance,
French farmers were willing to change their farming practices to reduce the
risk of adverse effects on human and environmental health if they perceived
pesticides to have an important impact on the environment (Chèze et al.,
2020). This example shows how evidence regarding adverse pesticide effects
can potentially support transformation.

Eventually, evidence uptake may be strategic when utility-maximizing
actors' interests predetermine what evidence is considered and how it is in-
terpreted. In the policy arena [ 2a], for example, actors vary in their priorities
regarding European ecological risk assessments of pesticides. While aca-
demics strive for assessments with higher ecological relevance, regulators
favor suf�ciently protective and easy-to-follow assessments, and the indus-
try prefers more probabilistic approaches (Hunka et al., 2015). Likewise,
in the practice arena [2b], interests may shape evidence communication
and uptake. For example, among the extension services offering research-
and knowledge-based farming advice, farmers advised by public extension
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services are more likely to use non-chemical preventive measures (e.g., nets)
to avoid invasive species infestations, while those advised by private exten-
sion services are more likely to use synthetic insecticides (Wuepper, Roleff,
et al., 2020). The latter practice is also problematic for farmers because it
contributes to the resistance evolution of pests.

a.4.3.3 Stage3: In�uence of evidence on policy and practice decisions

Despite its uptake, not all evidence translates into policy and practice
decisions. Considering once again the different actor motivations, the poten-
tial reasons include insuf�cient evidence accumulation, mismatches with
decision-makers' evidence needs, and actors' interests and power relations.

Suf�cient evidence accumulation is critical for informing truth-seekers'
decisions. In the policy arena [3a], the scienti�c evidence accumulation
regarding adverse pesticide effects is re�ected in the emergence of several
pesticide policies and programs, codes of conduct, and national action
plans in European countries (Lee, Den Uyl, et al., 2019). Additionally,
evidence materializing in technological innovation can be transformative:
digitization facilitates novel policy designs (Ehlers et al., 2021), and advances
in precision farming lead policymakers to create incentives for farmers to
use them (Finger, Swinton, et al., 2019). In the practice arena [3b], more
scienti�c evidence on alternative agricultural models (e.g., agroecology)
could support the development of innovative plant protection solutions.
Such solutions would increase the economic feasibility of phasing out
widely-used but contentious pesticides, such as glyphosate (Clapp, 2021b).

Sense-makers primarily integrate those pieces from the accumulated
evidence into decision-making that match their predispositions and needs.
In the policy arena [ 3a], an important predisposition is risk culture, which
shapes the treatment of uncertain evidence. For instance, the precautionary
principle facilitates policy action despite uncertainty (Metz et al., 2017). In
the practice arena [3b], scienti�c evidence needs to resonate with sense-
makers' belief systems and experiential knowledge. Farmers' decisions
to reduce pesticide use are linked, among others, to: the belief that they
have control over their production (Knapp, Wuepper, and Finger, 2021);
the knowledge of sustainable farming practices (Dessart et al., 2019); and
whether other farmers also implement risk reduction measures (Bakker
et al., 2021). Importantly, the decisions in both policy and practice in-
volve value trade-offs, and to deal with them, sense-makers need not only
problem-oriented but also solution- and preference-oriented knowledge
(Box 1).
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Additionally, utility-maximizers' interests and power resources shape
which evidence is valued in decision-making. In the policy arena [ 3a],
the observed cross-country differences in banned pesticides (e.g., between
the US and EU countries) (Clapp, 2021b; Donley, 2019; Rohr, 2021) re�ect
in�uential actors' interests. In many countries, farmers' associations have
long enjoyed privileged institutional access to de�ne agricultural policy
priorities, but consumer groups and retailers have now begun to challenge
them (Daugbjerg et al., 2017). Owing to recent mergers, agrochemical
companies have expanded their ability to in�uence policy through lobbying,
framing, and structural power (Clapp, 2021a). In the practice arena [3b],
evidence about pesticide effects interacts with the perceived costs, bene�ts,
risks, and other behavioral factors of decision-making (Dessart et al., 2019).
Farmers' leeway is restricted by consumer preferences and the costs of
pesticide inputs, prices, and quality standards set by the food industry
and retailers. Integrated pest management strategies in European maize-
based cropping systems, for example, can signi�cantly reduce pesticides'
adverse effects on human and environmental health, but lack of consumer
awareness and acceptance may inhibit their adoption (Vasileiadis et al.,
2013).
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Box 1 Value trade-offs and scienti�c evidence

The trade-offs inherent in sustainability problems mean that all actors'
objectives cannot be achieved simultaneously. As con�rmed by studies that
assessed agricultural sustainability with a multi-criteria approach, trade-offs
exist between socio-economic, environmental, and other objectives (Lavik et
al., 2020; Mouron et al., 2012). The extent to which agricultural stakeholders
value objectives differently may also depend on how they use evidence
from different scienti�c disciplines. Con�icting objectives impede reaching
a consensus about sustainable transformation.
One way to tackle trade-offs in complex sustainability problems like pes-
ticide risk reduction is Multi-Criteria Decision Analysis (MCDA) (Keeney
et al., 1993). MCDA assesses the performance of options and strategies
in policy and practice using a set of objectives re�ecting the actors' aims
and values. Performance assessment is informed by causal and actionable
evidence on how well options achieve objectives and considers uncertainties.
This assessment, based on the transparent use of scienti�c evidence, can
generate solution-oriented knowledge and integrate preference-oriented
knowledge that sense-making and utility-maximizing actors need to ad-
equately deal with trade-offs. This knowledge combination can feed into
decision support and facilitate compromise solutions (Gregory, 2012).
A major limitation of previous studies on pesticide management in European
agriculture is that they did not elicit actors' preferences about the trade-
offs they are willing to make. An instructive example is the comparison of
four management strategies, including pesticide use and innovative crop
protection measures, in Norway (Lavik et al., 2020). The assessment results
of the pest management strategies are determined by the equal weights
assigned to the relevant objectives, which were assumed rather than elicited.
Participatory MCDA that elicits the preferences of farmers, stakeholders,
and policymakers can produce more sophisticated and actionable evidence
for policy and practice decisions.

a.4.3.4 Stage4: Effects of evidence-informed policies and practices

Even decisions informed by scienti�c evidence may fail to produce the
desired sustainability outcomes. Depending on the actor motivations, major
barriers in this stage arise from a siloed evidence base or the neglected
needs or interests of the actors crucial for implementation.

Evidence-informed policies and practices of truth-seeking actors may fail
to produce the desired sustainability outcomes due to unintended effects of
attempts to address complex problems through single policy instruments.
Although market-based instruments, such as Denmark's pesticide taxes,
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can reduce pesticide use, complementing them with other instruments
(command and control, subsidies, information, and extension) can increase
effectiveness (Lee, Den Uyl, et al., 2019; Pedersen, Nielsen, et al.,2020).
Instrument mixes that target different sectors and value chain actors de-
mand cross-sectoral coordination (Wiedemann et al., 2022). Interdisciplinary
rather than siloed evidence best informs such policy efforts and agricul-
tural practice decisions with biological, economic, regulatory, and other
parameters (Box 1).

Under sense-making, evidence-informed policies and practices are only
effective when the needs of implementing actors are factored in. Effective
pesticide policies consider the behavioral predispositions of value chain
actors—e.g., that economically more risk-averse farmers use more toxic
pesticides (Möhring, Ingold, et al., 2020). Furthermore, sustainable and
commercially viable plant protection practices emerge from an interplay of
causal and actionable scienti�c evidence, practitioners' experiential knowl-
edge, and agricultural policy. One such interplay is exempli�ed by the
transformation of Swiss apple production toward integrated pest manage-
ment and organic production (Box 2).

Similarly, evidence-informed policies may lack effectiveness when the in-
terests of utility-maximizing actors that shape implementation are neglected.
A lack of support from key actors may render it dif�cult to implement and
sustain policies; and policies fail to transform pesticide practices when
on-the-ground diversity and complexities are ignored. For instance, the
heterogeneity of farmers' preferences and goals creates a need for multiple
policy instruments (Pedersen, Nielsen, et al., 2020).

Box 2: Evidence and the transformation of plant protection in Swiss apple
production

Swiss apple production's history is closely linked to evidence regarding pesti-
cide effects and alternative plant protection methods. Intensive synthetic pesti-
cide use in agriculture began with the development of DDT (dichlorodiphenyl-
trichloroethane) in the 1940s. From the late 1940s onwards, Swiss apple farmers
started increasingly using the insecticide classes organochlorines (e.g., DDT),
organophosphates (e.g., parathion), and carbamates and fungicide classes like
dithiocarbamates (e.g., mancozeb) and phthalimides (e.g., captan).
Public doubts regarding intensive pesticide use arose globally in the early 1960s.
Rachel Carson's Silent Spring (1962) collected problem-oriented evidence on
adverse pesticide impacts and solution-oriented evidence on alternatives. This
evidence uptake increased public awareness and led to a DDT ban in agriculture.
In the 1960s and 1970s, several `modern' pesticides became available, includ-
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ing new fungicides (benzimidazole, metalaxyl, and triazoles) and insecticides
(pirimicarb, pyrethroids, and neonicotinoids). Their intensive use transformed
apple production into highly productive orchards but adversely affected other
sustainability outcomes (e.g., benzimidazoles triggered fungicide resistance and
spider mite multiplication).
The 1960s and 1970s saw an increasingly unsustainable Swiss apple production
but also innovative farmers and advisors who adopted the novel concept of Inte-
grated Pest Management (IPM), including the idea of applying pesticides only
when pests surpass economically damaging thresholds. Farmers, researchers,
and advisors jointly began to develop IPM systematically for Swiss apple produc-
tion. Regional farmer groups fostered knowledge transfer and the development
of a premium brand, and one of the two major Swiss retailers, Migros, promoted
IPM practices with a distinct label (`M-Sano'). Additionally, organic farming orga-
nizations disseminated evidence-based guidance on biological and biotechnical
methods (e.g., pheromones).
In the 1980s and 1990s, with the emergence of more problem- and solution-
oriented evidence, the transformation of Swiss apple production accelerated.
Researchers recognized the need to quantify pesticide impacts on non-target
organisms, and the Swiss legislator re�ned the data requirements for pesticide
registration and further restricted chemicals. Commercially, the premium brand
for IPM (`IP') was launched, and the other major Swiss retailer, Coop, initiated
its organic brand. In farming, innovative non-chemical alternatives for pest
and disease control (e.g., granulosis viruses against codling moth) allowed for
restricting insecticide and fungicide treatments. Elements promoting functional
biodiversity (e.g., perennial �ower strips) further reduced dependency on insect
pest control.
In the 2000s and 2010s, the apple production practices continued to become more
sustainable. By providing actionable evidence for timely pesticide application,
the weather-based Decision Support Systems (DSS) revolutionized scab control,
and new scab-resistant apple varieties were introduced to compensate for resis-
tance breakdowns. Recently, retailers have developed new private standards to
promote the production of apples with only low levels of pesticide residues. In
organic apple production, post-infection treatments with non-synthetic chemicals
like lime sulfur or potassium bicarbonate against scab infections have been an
evidence-based breakthrough.
Today, Swiss apple production complies with IPM standards or certi�ed organic
production. Despite such progress, apples still require intensive pest and disease
control and the public remains concerned about pesticide impacts. Continuous
feedback, production, and uptake of evidence are needed to advance the co-
evolution of sustainable policies and practices addressing new pests and diseases.
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a.4.3.5 Stage5: Evidence feedback

Weak feedback from sustainability outcomes to renewed evidence pro-
duction can also hinder transformation. A sensitivity for different actor
motivations reveals that this may be due to time lags and missing data,
diverging results of scienti�c and experiential evaluations, and strategic
impediments by status quo interests.

Truth-seeking actors' efforts to improve pesticide policies and practices
using evidence feedback on previous sustainability effects are hampered by
gaps in monitoring and evaluation. An example is the environmental effects
for which model-based proxies (Schulz et al., 2021) have to compensate
for the lack of consistent long-term data linking meaningful quantitative
metrics on pesticide use, exposure, and ecological effects. An even more
instructive example is human health evaluations, which often lag decades
behind regulation and farmers' practices and exposure (Ohlander et al.,
2020). To provide conclusive data on health effects, especially chronic ones,
long-term cohort studies are needed. Such epidemiological evidence can
only be gathered after pesticides' market introduction, and it may take
several decades to observe effects (e.g., cancer). The collection of personal
exposure data (e.g., urine or blood samples) is costly, logistically and ethi-
cally challenging, or became possible only recently (e.g., passive sampling
via wristbands).

Sense-makers interpret evidence feedback through the lens of their ex-
periences and beliefs. For instance, from a long-term Swiss pilot project
that sought to improve water quality through the voluntary adoption of
good pesticide practices, its key actors drew different intermediate conclu-
sions. While the farmers and authorities involved in the implementation
interpreted the results as successful, scientists could not establish a clear
causal link between the adopted measures and monitored water quality
(Daouk et al., 2019). Additionally, long timelines for regulatory revisions
may prevent quick incorporation of evidence feedback into policy (Topping
et al., 2020).

The status quo interests of utility-maximizing policy and practice actors
may prevent the available evidence from monitoring and evaluations from
being fed back into decision-making. Despite pesticide registration being
in place for decades, signi�cant feedback de�cits exist since monitoring
is hardly considered during registration (Siviter et al., 2021; Topping et
al., 2020). Furthermore, the registration and guidelines for water quality
assessment consider only single compounds or products, neglecting well-



A.4 barriers to evidence use for sustainabil ity 179

established mixture toxicity and the co-occurrence of numerous pesticides
in the environment.

a.4.4 Critical re�ections

The empirical illustration of our argument demonstrates that �lling evi-
dence gaps on adverse pesticide effects alone is unlikely to trigger sustain-
able transformation. The reason is that diverse actor motivations play out
within different stages of evidence use. Not all actors are technocratic truth-
seekers that are constrained by evidence gaps. Other serious barriers to a
transformative impact of evidence are mismatches between sense-makers'
evidence needs and the available evidence and utility-maximizers' strategic
evidence use to protect status quo interests.

Several points of critique could be raised against our argument. To
begin with, our abductive approach may be criticized for mixing empirical
observations and theory development. We agree that the pesticide case
presented here shall not be taken as theory con�rmation but rather as a
source of empirical insights that inspired theory development. Accordingly,
our propositions about the roots of barriers to evidence use in different
actor motivations and stages remain to be tested in other empirical contexts.

Other critiques may concern our model's conceptual foundations. Actor-
network theorists may �nd our actor concept too restrictive as they also
consider how nonhuman entities, such as materials, technologies, organ-
isms, and ecology “act” on humans (Nimmo, 2016). For instance, we have
not discussed how changing pest pressure in�uences evidence production
and uptake by input suppliers and farmers. Furthermore, and similar to
the policy cycle concept (Cairney, 2016), our depiction of unidirectional,
sequential stages of evidence use risks oversimpli�cation. Real-world evi-
dence use may be messy, moving back and forth between stages, as shown
in Box 2. Likewise, the three actor motivations we distinguished paint over
many shades. Shades deserving further exploration include truth-seekers'
preoccupation with the legitimacy of different evidence types and sources
(Dewulf et al., 2020), the psycho-cultural underpinnings of the meanings
that render certain aspects of reality pertinent to sense-makers (Salvatore
et al., 2019), and the extent to which even strategic utility-maximizers par-
tially adapt their goals in light of new knowledge (Dewulf et al., 2020).
Recognizing these limitations, our model's value lies in its use as a simple
heuristic that can grasp various barriers to evidence use arising from human
agency and can stimulate scholarly debate.
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Finally, our assumption that evidence use can contribute to sustainable
transformation may be criticized for an implicit truth-seeking focus. We
followed pragmatism's middle position in considering that scienti�c evi-
dence provides tentative answers of practical value on the long-term move
toward larger truths (Johnson et al., 2004). We are also sympathetic to
the more realist idea that a proposition's (provisional) truth presupposes
empirical support and consistency with relevant background knowledge
(Bunge, 2014). Recognizing, however, that philosophy of science debates
remain controversial, we believe that our framework is suf�ciently �exible
to accommodate or be adapted to other stances scholars might take. In this
context, also the normative question of whether truth-seekers are “better”
than sense-makers and utility-maximizers arises. While considering all
three motivations legitimate, we posit that conditions for enhancing the
transformative impact of evidence can be created, as discussed below.

a.4.5 Conclusion and recommendations

To study the use of scienti�c evidence for sustainability, we outlined three
complementary actor motivations within �ve stages of evidence use. We
argued that paying attention to this diversity helps capture the manifold
barriers to the transformative impact of evidence. We empirically illus-
trate such barriers in the policy and practice of reducing environmental
and human health risks of agricultural pesticides. The observed variety of
barriers implies that no one-size-�ts-all solution for enhancing evidence
use exists. Instead, actors serving public interests, including policymak-
ers, public administrations, and researchers, can adopt context-speci�c
research–policy–practice measures to increase evidence use for sustainabil-
ity.

To confront sustainability challenges like pesticide risk reduction, re-
searchers initially can identify the dominant barriers to the transformative
impact of evidence as well as bright spots of science-informed policies and
practices (Cvitanovic et al., 2018). The social sciences in collaboration with
other disciplines can map interacting motivations of in�uential policy and
practice actors in all stages of evidence use, taking into account varying
contextual conditions (e.g., problem structure and regulatory system). Em-
pirical �ndings on dominant barriers to evidence use and on success cases
of overcoming them will suggest the extent to which the following three
reform packages could be applied:
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First, if the decision-makers are primarily truth-seeking but constrained
by evidence gaps, the evidence supply should be enhanced. The collection
and accumulation of evidence can be improved horizontally across sectors
(e.g., via interdisciplinary integration), vertically between levels (e.g., via
connecting global assessments and local knowledge bases), and in time
(e.g., via dynamic evidence syntheses). Incorporating evidence feedback
into decision-making can be expanded through more �nancial and human
resources for dynamic evidence summaries and transparent evaluation
programs with clearly de�ned purposes and multi-directional information
�ows (Topping et al., 2020). Where research cannot close evidence gaps,
clear principles and guidelines for decision-making under uncertainty can
ensure transparency.

Second, if the in�uential actors behave like sense-makers, the match
between evidence supply and demand should be increased. Knowledge
translation literature suggests that, to this end, transdisciplinary exper-
tise for knowledge co-creation and related interactions between scientists,
policymakers, and practitioners can be promoted (Hoffmann, Thompson
Klein, et al., 2019; Norström et al., 2020). Boundary organizations can
strengthen their integrative capacity in brokering evidence for policy or
practice (McNie, 2007) and academia can create favorable conditions for
solution-oriented research that actors need (Lang et al., 2022). Participa-
tory evaluation research that integrates actors' experiential knowledge and
monitoring data can prevent mismatches in evidence feedback.

Third, if strategic utility-maximizing actors dominate, safeguards against
evidence misuse by vested interests should be introduced (Rohr, 2021). A
crucial safeguard can be greater transparency regarding evidence demand
and use. Institutional arrangements for public data transparency can prevent
data monopolies that allow using or holding back evidence selectively. As
per Box 1, participatory multi-criteria decision analysis makes elicited
stakeholder preferences transparent, for instance, in the form of the weights
attributed to con�icting objectives (Gregory, 2012; Keeney et al., 1993).
Additionally, a requirement to attach evidence documentation to legislative
and administrative acts can render evidence use in policy-making more
traceable.

These recommendations likely apply beyond pesticide risk reduction in
the Global North. Being cognizant of contextual differences (e.g., climate,
indigenous knowledge), they may also inform strategies for reducing major
pesticide risks in the Global South (Tang et al., 2021). Many barriers to
evidence use observed in pesticide risk reduction will also be relevant to
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other sustainability challenges characterized by complexity, con�ict, and
uncertainty. We encourage others to investigate systematically how actor
motivations interact in the generation, �ow, and use of scienti�c evidence as
a deep leverage point for sustainability transformations (Abson et al., 2017).
Such studies will help re�ne our tentative recommendations for tapping the
full transformative potential of science in pursuing human development
within planetary boundaries.
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