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Abstract: A transition toward more sustainable farming systems is essential to ensure the
production of sufficient food and fiber while managing increasing pressure on natural resources
in a growing world. Recent studies highlight the importance of environmental engagement,
networking and social aspects in the intention to adopt sustainable farming practices. However,
gender remains underrepresented in empirical investigations for European farming systems.
This paper examines whether gender is associated with farmers’ decision to adopt sustainable
practices and whether this relation operates indirectly through environmental policy engage-
ment and networking. We further investigate whether gender moderates the relation between
these factors and adoption intentions. Using survey data from the northern German peatland
area, we apply a partial- least-square structural equation modelling (PLS-SEM) approach to
analyze direct, indirect and moderation paths. The results show that higher levels of expressed
environmental policy engagement and stronger networking are associated with a greater in-
tention to adopt sustainable practices. Women-headed farms report lower levels of environ-
mental policy engagement and networking than male-headed farms in our sample, contrasting
with findings from other European contexts. Data do not support a direct path and a moderating
role of gender on adoption of sustainable practices. These results suggest that policy
measures should focus on removing structural and institutional barriers to policy engagement
and network access that support the adoption of sustainable practices and may foster women
farmers participation.

Keywords: Sustainable Farming Practices, Adoption, Environmental Policy Engagement,
Networking, Gender, PLS-SEM

1 Introduction

Humanity faces the challenge to produce sufficient food, fuel and fibre with increasingly con-
tested natural resources to meet the demands of a growing world population and a bio-based
circular economy. Current intense farming systems, driven by economic pressure, have led to
adverse environmental effects, such as soil degradation, or biodiversity losses (Bowler et al.,
2019). A transition towards more sustainable farming system is therefore needed (Ramankutty,
2023). Despite numerous policy efforts under the European Union’s Common Agricultural Pol-
icy (CAP), the large-scale uptake of sustainable production systems remains limited. It raises
doubts about the effectiveness of current measures to reverse trends of intense farming sys-
tems (e.g., Pe'er et al., 2014; Thomas et al., 2019; Borner et al., 2017).
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Beyond policy incentives, the voluntary uptake for sustainable farming has been framed under
the concept of sustainable intensification. Its aim is to ensure food security while reducing
environmental harm. This broader concept encompasses a wide range of regionally adapted,
resource-saving production systems or knowledge exchange mechanisms (Pretty, 2018; Dicks
et al., 2019; Buckwell et al., 2014). Previous studies identify various barriers to adoption, in-
cluding non-convincing cost-benefit ratios due to high learning, labour and investment costs
against risky gains (Lowenberg-DeBoer et al., 2020; Bonke, Musshoff, 2020). Moreover, the
role of tenure and high land prices (Leonhardt, Penker, Salhofer, 2019), limited regulatory pre-
dictability (Gutschow, Bartkowski, Felipe-Lucia, 2021; Feliciano, 2022) and institutional barri-
ers (Baur, 2020; Brown et al., 2021; Mack et al., 2019; Pedersen et al., 2024) limit the adoption
of such practices. Environmental concern, attitudes and motivations also play role (Acheam-
pong, Owusu, Nurah, 2018; Pifieiro et al., 2020).

An increasing number of empirical studies points to social factors of adoption. These include,
for instance, the relevance of social group norms for adopting mixed cropping (Bonke and
Musshoff, 2020) and for digital technology uptake (Huttel, Leuchten, Leyer, 2022) and per-
ceived pressure on farmers and identity conflicts (McGuire et al., 2015). Within this perspec-
tive, gender has emerged as an important determinant of adoption behaviour. Research shows
that women play a key role in dealing with climate change and sustainability through empow-
erment (Collins, 2018; Jost et al., 2016) and tend to be more open to innovative and changing
farming practices (Fisher, Kandiwa, 2014; Balezentis et al., 2021; Fertd, Bojnec, 2024; Liu,
2022; Fremstad, Paul, 2020). Further, they are found to display stronger pro-environmental
attitudes (Fertd, Barath, Bojnec, 2025; Unay-Gailhard, Bojnec, 2021; Devkota et al., 2022) and
engage more actively with advisory services and knowledge networks (Correa, Gsottbauer,
Nordén, 2025; Duff et al., 2017). At the same time, persistent gender disparities in access to
resources and decision-making often disadvantage women, while some studies also report
higher innovation adoption rates among men (Thorsge et al., 2019; Adinolfi et al., 2020; Unay-
Gailhard, Bojnec, 2021).

The aim of this study is to investigate potential relations between gender and the decision to
adopt more sustainable farming practices. By means of a partial- least-square structural equa-
tion model (PLS-SEM), we explore the relation of gender with environmental policy engage-
ment, networking, and the adoption of sustainable practices via different hypothesized paths.
We use available survey data by Weltin, Zasada, Huttel (2021) covering the northern German
peatland area (EU funded project VITAL (Viable Intensification of Agricultural production
through sustainable Landscape transition)), a region of ecological significance due to its car-
bon-rich soils and economic importance characterized by large-scale grassland, dairy and ar-
able farming.

A large body of literature has been conducted in the Global South (Czyzewski, Predki, Brelik,
2024a; Nordhagen, Pascual, Drucker, 2021; Czyzewski, Predki, Brelik, 2024b), whereas anal-
yses in the Global North remain limited. The latter studies focus for instance on small-scale
crop farming in Central and Eastern European countries (Czyzewski, Predki, Brelik, 2024b;
Balezentis et al., 2021) or direct-market farmers in Canada (Azima, Mundler, 2022) or policy-
incentivized measures (Rode et al., 2025; Fertd, Barath, Bojnec, 2025). In the European con-
text, farming remains structurally male-dominated, but policy goals increasingly call for gender
equality. Thus, integrating a gender perspective into the analysis of adoption becomes essen-
tial for achieving sustainable intensification (European Parliament, 2016). To our knowledge,
no such study exists among the largest agricultural producers in the European Union (EU). In
Germany, one of the four top players in agricultural production in the EU and with half of the
territory used for agriculture, a study by Rode et al. (2025) classifies agri-environmental prac-
tices along behavioral drivers for adoption, but does not specifically address the role of gender.
Weltin, Zasada, Huttel (2021) document the complementary use of sustainable measures and
positive reinforcements, yet without discussing the gender dimension.



Kionka et al. | Ger J Agr Econ 75 (2026)

The contribution of this paper is to advance adoption research by integrating the role of gender
and to shed light on mixed results on the role of gender on advancing sustainable farming
practices. This study further extends the discussion beyond financially incentivized voluntary
practices within a policy to broader, voluntary, non-policy driven adoption of sustainable farm-
ing practices. Moreover, it broadens the scope of the analysis to a major agricultural producer
in the EU, in a region with different farm specializations in the Global North. It thereby offers
insights into gender-sensitive pathways towards sustainable intensification in the European
context. For this purpose, we apply a structural equation model and aim to shed light on the
role of gender in the adoption of sustainable practices from different perspectives.

2 The Concept of Sustainable Intensification in the Study Region

Sustainable Intensification (Sl) is defined as a broader strategy focused on improving agron-
omy while balancing production economics and environmental sustainability by reducing envi-
ronmental harm while maintaining yield (Pretty, 2018; Dicks et al., 2019; Buckwell et al., 2014).
Research on Sl practices is often fragmented along disciplinary, temporal and spatial bound-
aries, which prevents a holistic analysis of sustainable intensification (Weltin et al., 2018). The
implementation of Sl is strongly influenced by the regional context, yet there is broad agree-
ment on the importance of applying well-designed combinations of SI measures at both farm
and local levels exists to fully realize ecological benefits. Given that relevant Sl practices are
determined by regional contexts, we turn to a sample for Germany from the EU funded project
VITAL for our analysis. Weltin et al. (2018) develop a conceptual framework of S| and define
a broad portfolio of Sl indicators by means of a systematic literature review and region-specific
stakeholder processes. In total, four case studies were carried out in Germany, the Nether-
lands, Spain and France. We rely on the German case, covering north eastern German peat-
lands (see Weltin et al., 2019). Federal states in focus are Brandenburg, Schleswig-Holstein,
Mecklenburg-Western Pomerania, Saxony-Anhalt and Lower Saxony (see Figure 1).

Sampled farms were selected to operate under a notable share of peatlands. In total, 3,000
farmers were contacted. The survey was distributed to farmers who receive direct payments.
The addresses were provided by the respective ministries. Further, farmers were contacted
via newsletters of various farmers’ organizations. To ensure that the respondent was the pri-
mary-decision maker, the survey explicitly asked for the manager or chief executive to answer
the survey. By using a mixed survey mode, participating farmers were able to respond via mail
or online. The data collection started in February 2017 and the last reply was documented in
June 2017. In total, 464 farmers replied and filled out the questionnaire; with 410 responses
stating if and which sustainable practices are applied, among which 383 were willing to indicate
gender. The final sample consists of 245 observations with full answers. The questionnaire
was designed to shed light on transformation processes and to figure out how to promote
farming systems that can be framed under the term “sustainable intensification”. We use the
data set to investigate the gender dimension in the adoption of sustainable practices that relate
to the concept of sustainable intensification (Weltin et al., 2018).
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Figure 1. Map of surveyed area including response rates for the ZIP-code areas
addressed postal

Response rates are not available when the ZIP-code area was addressed via farmers’ associations
Source: Weltin, Zasada, Huttel (2021)

We define the adoption of sustainable intensification by uptake of sustainable agronomic prac-
tices and regional integration activities that are typical in our study region (see Weltin et al.,
2019).The practices in the field of agronomic development include: reduced tillage for grass-
land and arable land, intercropping, cultivation of legumes and of minimum of five crops, flower
strips and precision farming. Regional integration includes exchange of resources with regional
farms, membership for joint machinery use and in cooperative, direct marketing, marketing
with regional label, cooperation with regional interest groups. These measures are considered
sustainable farming because, for instance, precision farming and direct marketing reduce fuel
and fertilizer inputs, while flower strips contribute to the biodiversity in the landscape (Pretty,
2018; Buckwell et al., 2014; Green et al., 2005; Godfray, Garnett, 2014; Wezel et al., 2015).

3 Literature Review and Paths Development

3.1 Environmental Policy Engagement and Sustainable Intensification Adoption

The adoption of sustainable intensification measures has been linked to farmers’ awareness
and concerns for the environment (Feliciano, 2022; Dessart, Barreiro-Hurlé, van Bavel, 2019;
Finger, M6hring, 2022). Environmental concern is often theorized as an underlying attitude that
shapes one’s own future behaviour regarding the adoption of sustainable intensification
measures. However, the operationalization of psychological constructs remains a major chal-
lenge, with inconsistent or incomplete measurement approaches across studies (Foguesatto,
Borges, Machado, 2020). Given the structure of our existing data set, we are not able to apply
measurement instruments for environmental concern, such as the New Environmental Para-
digm Scale (Dunlap et al., 2000). This is why, we do not attempt to model latent attitudes within
the framework of behavioral theories, such as the theory of planned behaviour (TPB) (Fishbein,
Ajzen, 2011).

Given our data limitations, we turn to environmental policy engagement as a behavioural proxy,
rather than a measure of latent attitude itself, for farmers’ pro-environmental awareness and
evaluate their likelihood to adopt sustainable practices. A classification of behaviour factors
categorizes environmental concern and awareness as a dispositional factor (Dessart, Barreiro-
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Hurlé, van Bavel, 2019). Prior research demonstrates that farmers who are already engaged
in environmentally oriented activities, e.g. organic farming, are more likely to adopt voluntary
sustainability practices compared to more conventional farmers (Correa, Gsottbauer, Nordén,
2025). Organic farming could reflect stronger environmental engagement compared to con-
ventional farming, as organic farming is known to support biodiversity and soil fertility but at
the same time requires more effort and sound knowledge of the agro-ecosystem from the
farmer (Love et al., 2019; Meemken, Qaim, 2018).

The EU’s CAP offers agri-environmental schemes (AES), which are voluntary, policy-driven
instruments offering financial compensation for implementing predefined environmental prac-
tices, and recently outcome-based schemes. Higher engagement in pro-environmental policy
measures is associated with the intensity of AES measures already adopted, and may relate
to a farmer’s behaviour to intensify sustainable practices (Feliciano, 2022; Pépin, Morel, van
der Werf, 2021).

At the time of the survey, AES measures include: sustainable practice in arable farming, struc-
tural elements on arable land, diverse crops in arable farming, water-friendly fertilization, ex-
tensive cultivation of grassland, pasture grazing, organic farming and other measures. While
AES participation is influenced by policy incentives, these measures are distinct from Sl prac-
tices, which are independent of subsidies and reflect behavioural outcomes (Fert6, Bojnec,
2024). By considering both participation before and after 2013 and the overall intensity of AES
participation, we capture past experience and the degree of engagement. Notably, low-inten-
sity farms may participate primarily for financial reasons rather than environmental commit-
ment, highlighting that policy engagement can vary in motivation (Uehleke, Petrick, Huttel,
2022).

The link between the adoption of sustainable intensification practices and environmental policy
engagement also extends beyond the formal scope of policy incentives. Environmental policy
engagement can also be understood as a broader commitment that includes self-assessment
of regional integration, involvement in the social environment and a farmer’s identity. A stronger
local and regional identity, for example, can motivate land use and management decisions
(Dessart, Barreiro-Hurlé, van Bavel, 2019), such as the adoption of S| practices. This is in
particular relevant when environmentally sustainable practices are related to innovative tech-
nologies, for instance by precision farming (Huttel, Leuchten, Leyer, 2022). Given these links,
we hypothesize a positive path between environmental policy engagement and the adoption
of sustainable practices (P1a).

3.2 Networking and Sustainable Intensification Adoption

Networking plays a crucial role in the adoption of sustainable agricultural practices by facilitat-
ing the exchange of knowledge, resources and social support. Networking is classified as a
social factor (Dessart, Barreiro-Hurlé, van Bavel, 2019). Studies highlight social pressure,
group memberships, norms of good agricultural practice and farmers’ social identities as key
factors influencing the adoption of sustainable agricultural practices (van Dijk et al., 2015; Des-
sart, Barreiro-Hurlé, van Bavel, 2019; Feola et al., 2015; Ngango et al.; Manda et al., 2016;
Khataza et al., 2018; Zeweld et al., 2020).

Networking, as a part of social capital, is represented by memberships in various groups such
as agricultural associations, political parties, environmental organizations or other parties
(Lyon, 2000) and regarded as a catalyst for the adoption of sustainability practices. Coopera-
tion with other farmers and private contacts generates social capital, fostering the adoption of
sustainable practices, and may raise the environmental impact of practices (Knowler, Brad-
shaw, 2007; Kristjanson et al., 2017). Agricultural sustainability is enhanced by the exchange
of knowledge and sharing of resources (Candemir, Duvaleix, Latruffe, 2021; Aguiar et al.,
2020), through the coordination of operational decision with neighbours or representatives of
land use. The cooperation with other farmers may also lead to observational learning and a
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greater likelihood to adopt sustainable practices (Lapple, Kelley, 2015). Moreover, the consul-
tation with agricultural advisory services or other farmers, as a part of a network, enables the
learning of best practices, managerial styles and expertise in adopting suitable approaches
(Fert8, Barath, Bojnec, 2025; Rizzo et al., 2024; Correa, Gsottbauer, Nordén, 2025).

Networking could however also induce social pressure, influencing behaviour by creating a
context where individuals are expected to perform in special roles that align with community
norms (Scherer, Verburg, Schulp, 2018). Perceived pressure, alongside social norms, deter-
mines a social situation where individuals perform roles aligned with expectations (Stets,
Burke, 2000). While this can reinforce conventional farming practices if networks focus on tra-
ditional methods, a social situation can also hinder a farmer to exploit the performance poten-
tial. Increased societal pressure may thus have triggered changes in the perception of a “good”
farmer, away from a “pure productivist” (Burton, 2004a). Ongoing farm consolidation processes
with lower shares of smaller family farms, shifts in tasks, roles and also identities become
apparent. Peter et al. (2000) even argue that the number that could confirm and maintain the
social status continuously declines. Also culturally dominant views of land use and manage-
ment have evolved, contributing to attempts to change to more progressive sustainable prac-
tices (Carter, 2019). We, thus, hypothesize a positive path between networking and adoption
of sustainable practices (P1b).

3.3 Gender and Sustainable Intensification Adoption

In the European context, women-headed farms engage in sustainable resource-use strategies
and pro-environmental management approaches (Unay-Gailhard, Bojnec, 2021; Fert6,
Bojnec, 2024; Fertd, Barath, Bojnec, 2025). They deal with economic and social barriers by
engaging in lower-input techniques and display a higher adaptive capacity compared to men
(Balezentis et al., 2021; Jost et al., 2016). Thus, women show a higher likelihood of the adop-
tion of sustainable intensification practices. Additionally, a review paper in countries in the
Global North by Ball (2020) confirms the greater sensitivity of women to sustainable agricultural
practices, we thus lean towards the findings in the European context for our analysis in Ger-
many, and hypothesize a direct positive path between gender and the adoption of sustainable
practices (P2).

3.4 Gender, Environmental Policy Engagement and Networking

Women display a higher environmental policy engagement, which can serve as a predictor for
future behaviour to engage in sustainable intensification practices, especially when consider-
ing economies of scale and access to resources. Women-headed farms are more involved in
the CAP’s agri-environmental-climate measures compared to male-headed farms, as women
tend to be more environmentally conscious and open to adopting environmentally friendly
farming practices (Fert6, Bojnec, 2025; Unay-Gailhard, Bojnec, 2015; Unay-Gailhard, Bojnec,
2021; Fert6, Bojnec, 2024; Balezentis et al., 2021). Furthermore, sustainable practices are
perceived as feminine (Carter, 2019; Peter et al., 2000) because natural resource manage-
ment is more likely seen as care (Wells, Gradwell, 2001). As a result, women are more likely
to engage in organic farmers compared to men (Lapple, van Rensburg, 2011). This may be
explained by the stronger interest of women in long-term sustainability which makes them also
open to innovation beyond traditional agricultural practices (Balezentis et al., 2021). We, there-
fore, hypothesize to find a positive path between gender and agricultural policy engagement
(P3a). Additionally, we posit a moderating role from gender via policy engagement to the adop-
tion of sustainable practices (P4a). This path is supported by research suggesting that
women’s higher engagement in environmental policy leads to greater eco-efficiency (Fert6,
Barath, Bojnec, 2025), the latter is closely linked to sustainable intensification (Weltin, Huttel,
2023).

Gender can also influence perceived social pressure that determines how individuals perform
in their role as farmers along with the expectations connected to this role (Stets, Burke, 2000).
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Other research documents that farming and being a farmer is often seen as male (Brandth,
2002; Shortall, 2014), contributing to the role-specific social environment. In fact, farmers may
even be reluctant to adopt new practices that are anticipated to provoke a loss in identity with
social rewards (Burton, 2004b). Moreover, networks offering access to social groups, can be
male dominated at low diversity rates. Thus, gender can influence the role of social norms in
decision-making (McDonald, 2011). For instance, limited access to social networks could result
in women-only spaces and constitute adoption barriers for others (Carter, 2019). Women are
found to engage more in advisory services, such as the biodiversity advisory service in Swe-
den, which provides tailored information for arable farms (Correa, Gsottbauer, Nordén, 2025).
The empirical evidence to derive a clear direction of the hypothesized path remains limited and
open to analyse. We, therefore, hypothesize a path between gender and networking (P3b).
The encouraged participation of women in cooperatives and associations supports regional
agroeconomic sustainability and can amplify eco-efficiency benefits, as capacity-building mod-
els within agricultural networks improves farm performance. Evidence from Europe suggests
that the effect of gender on eco-efficiency depends on social engagement: in Romania and
Poland, socially engaged women have the strongest positive impact, whereas in Serbia and
Moldova, socially men achieve better outcomes (Duff et al., 2017; Czyzewski, Predki, Brelik,
2024a, 2024b). Therefore, we further look at a potential moderating role of gender on the path
between networking (P4b) and adoption decisions." Figure 2 depicts the conceptual model
including the paths of sustainable intensification adoption with environmental policy engage-
ment, networking and gender.

Environmental
policy engagement
P3a I P4a \,13 / Agronomic development
P2 .
@ Adoption

e
P3b l P4b\ P1b \ Regional integration

Networking

Figure 2. Conceptual model

Source: authors’ own illustration

' We also expect gender identity to play a role in sustainable practices adoption decisions. For instance, gender
identity can influence one’s environmental identity beyond environmental policy engagement (Stets, Biga, 2003).
Limited information about gender identity of the research subjects in our sample prevents us from formulating a
hypothesized path.
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4 Modelling Approach and Data

The aim is to investigate the hypothesized paths between ‘gender’ and ‘adoption of sustainable
intensification’ and the paths between ‘environmental policy engagement’ and 'networking’ with
respect to the ‘adoption decision of sustainable intensification’. Given the more explanatory
nature of our research, we apply a partial-least-square structural equation model (PLS-SEM)
to test the hypothesized paths derived from empirical evidence in form of a reflective mode
(Hair et al., 2017: 31). It is able to handle complex models with multiple latent variables, making
it suitable for analysing the direct and indirect relationships among gender, environmental pol-
icy engagement, networking and adoption decisions (Hair et al., 2017). Further, PLS-SEM is
robust even with smaller sample sizes (N = 245) and therefore allows for reliable parameter
estimation and sufficient statistical power sufficiently (Becker, Ringle, Sarstedt, 2018; Hair et
al., 2021; Henseler, 2018).

Constructs ‘environmental policy engagement’ and ‘networking’ are modelled as potential pre-
dictor of the construct ‘adoption’ (P1a and P1b). We define constructs for ‘environmental policy
engagement’ and ‘networking’ as traits rather than a combination of measured indicators, and
indicators represent consequences rather than causes of the constructs. The list of indicators
defining ‘environmental policy engagement’ include organic farming, the adoption of agri-envi-
ronmental measures before 2013, currently and the number of adopted measures, the attach-
ment to the business region, regional pioneer in innovation adaptation and self-appraisal to
primarily conservationist, secondary producer. For the construct ‘networking’, the indicators
include: frequency of asking other farmers for advice, of coordination of operational decisions
with neighbours, of consultation of agricultural advisory service, the importance of access to
knowledge, of cooperation with representatives of land use, with private and social contacts,
with other farmers and the number of memberships in groups and organisations. Given the
outlined relation between the indicators and the construct in Section 3, we follow and model
these constructs as reflective (Henseler, Hubona, Ray, 2016).

To analyse which hypothesized paths between gender and adoption are supported by our
sample, we include ‘gender’ in different ways. First, we model a direct path between gender
and ‘adoption’(P2). Second, we implement an indirect path from gender to ‘environmental pol-
icy engagement’ and ‘networking’, respectively (P3a+b). Third, we include gender as a mod-
eration variable on the path between ‘environmental policy engagement’ and ‘networking’ to
‘adoption’, respectively (P4a+b). The interaction term construct was calculated with the two-
stage approach for the moderation analysis (Chin, Marcolin, Newsted, 2003). This approach
is known for its strong parameter recovery and statistical power (Becker, Ringle, Sarstedt,
2018; Henseler, Chin, 2010). In Stage 1, we estimate the model without any hypothesized path
between gender and adoption to obtain the latent variable scores for the latent constructs en-
vironmental policy engagement, networking and the moderator gender. In Stage 2, the latent
variable scores of the latent constructs environmental policy engagement, networking and gen-
der, respectively, are multiplied to create the interaction terms, which is included in the struc-
tural model to test the hypothesized moderating role of gender.

Following Weltin, Zasada, Huttel (2021) and Knowler and Bradshaw (2007), demographic in-
formation and farm characteristics form potential control variables. We estimate one model
including all hypothesized paths. We further compare the results to a model without any inclu-
sion of ‘gender’ and one model with only the direct path from ‘gender’ to ‘adoption’ as a robust-
ness analysis.

Table 1 depicts the three different constructs ‘adoption’, ‘environmental policy engagement’
and ‘networking’ and the summary statistics of the respective indicators. To construct ‘adop-
tion’, we generate two sustainable intensity variables of sustainable agronomic practices and
regional integration activities, respectively. These variables display the number of binary coded
measures in these two fields. In the field of sustainable agronomic practices, adoption ranges
from zero to seven practices while for regional integration activities, adoption ranges from zero
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to five. For the application of the PLS-SEM model, binary coded variables should not be used
as the dependent construct (Hair et al., 2017: 48); we, therefore, use a count variable for the
single practices.

For the construct ‘adoption’, the most prominent practices among agronomic development
measures are reduced tillage on arable land and intercropping, with an adoption rate of around
51.84% and 50.61%, respectively (Table 2). Adoption rates for other practices in this field
range from 25.71% (precision farming) to 40.41% (reduced tillage on grassland). The most
important practice among regional integration measures is a membership in a cooperative for
joint input purchase or selling products (27.76%). The adoption rate for other practices ranges
from 8.98% (marketing with regional labels) to 20% (cooperation with regional interest groups).

Table 1. Summary statistics of indicators
(dummies indicated with (D) with 1 = yes, 0 = otherwise)

Constructs and indicators Mean | Std. Dev.
Adoption of sustainable intensification

N. of adopted agronomic development measures [0; 1-7] 2.67 1.84
N. of adopted regional integration measures [0;1-5] 0.89 1.06
Gender (D) (female: 1) 0.16
Environmental policy engagement

Organic (D) 0.22 0.42
Adoption of agri-environmental measures before 2013 (D) 0.50 0.50
Adoption of agri-environmental measures currently (D) 0.53 0.50
N. of AES measures [0; 1-8] 1.14 1.45
Attachment to business region (full agreement: 10) 9.03 1.73
Regional pioneer in innovation adaptation (see above) 5.34 2.81
Self-appraisal: primarily conservationist, secondary producer (see above) 6.96 2.68
Networking

Frequency of asking other farmers for advice (very often: 5) 3.18 0.9
Frequency of coordination of operat. decisions with neighbours (see above) 2.63 1.1
Frequency of consultation of agricultural advisory service (see above) 2.79 1.26
Importance of access to knowledge (see above) 3.49 1.29
Importance of cooperation with representatives of land use (see above) 2.23 1.16
Importance of private and social contacts (see above) 2.99 1.23
Importance of cooperation with other farmers (Very important: 10) 6.58 242
Importance of cooperation with others (see above) 5.59 2.76
N. of memberships [0; 1-4] 1.20 0.83

Source: authors’ own illustration

We rely on the binary self-indication of women and men, in the role of manager or chief exec-
utive of the farm, given the survey design. In the following, we code gender 1 being women
and 0 being men. From 245 observation, 84.49% indicated men and 15.51% women. The most
prominent sustainable practices among women are reduced tillage for grassland (36.84%),
intercropping (44.93%) and direct marketing (23.68%) among the agronomic development and
regional integration measures, respectively. Men also apply the reduced tillage, however, for
arable land (56.04%) and intercropping (55.07%) the most among the agronomic development
measures. Regarding the regional integration, their most prominent practice differs from the
one of women, with membership for joint machinery use at the top (29.47%). We calculated
95% confidence intervals (Cls) for the differences in adoption proportions between men and
women for each agronomic development and regional integration measure. For most
measures, the Cls includes 0, indicating no statistically significant differences between men
and women. The exceptions were reduced tillage for arable land and intercropping, where the
differences were statistically significant.
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Table 2. Distribution of adoption by gender for the sustainable intensity variables

Men Women Total Difference
Yes No Yes No Yes No (95%Cl)
Agronomic development measures
Reduced tillage 85 122 14 24 99 146 10.13.0.21]
grassland (41.08)  (58.94)  (36.84)  (63.16)  (40.41)  (59.59) '
Reduced tillage 116 91 11 27 127 118 10.11,043]
arable land (56.04)  (43.96)  (28.95)  (71.05)  (51.84)  (48.16) ’
Intercropping (151;.07) ?34.93) (14?4.93) (2783.68) (152(;1.61) (142;.39) [0.13,0.44]
Cultivation of 67 140 11 27 78 167 10.12,0.19]
legumes (32.37)  (67.63)  (28.95)  (71.05)  (31.84)  (68.16) '
Cultivation of min. 5 88 119 11 27 99 146 [:0.02,0.29]
crops 4251)  (57.49)  (28.95)  (71.05)  (40.41)  (59.59) '
. 56 151 9 29 65 180
Flower strips (27.05)  (72.95)  (23.68)  (76.32)  (26.53)  (7347)  [O-11.0.18]
Precision farming 22 152 8 30 63 182 [-0.09,0.20]

(26.57) (73.43) (21.05) (78.95) (25.71) (74.29)
Regional integration measures
Input exchange w. 30 177 4 34 34 211

regional farms (14.49)  (8551)  (1053)  (89.47)  (13.88)  (86.12)  [0-07.0.19]
Membership for 61 146 7 31 68 177 [:0.03,0.25]
joint machinery use  (29.47)  (70.53)  (18.42)  (81.58)  (27.76)  (72.24) 03,0.
. . 37 170 9 29 46 199
Direct marketing (17.87)  (8213)  (23.68)  (76.32) (18.78)  (8122)  L0-20.0.09]
Marketing w. 19 188 3 35 22 223 [:0.08,0.11]
regional labels (9.18)  (90.82)  (7.89)  (92.11)  (8.98)  (91.02) 08,0.
Coop. w. regional 42 165 7 31 49 196 [-0.12,0.15]
interest groups (20.29) (79.71) (18.42) (81.58) (20) (80) e

Sample based on 245 farms indicating Sl practices and gender, number in parenthesis indicate the
percentages

Source: authors’ own illustration

Regarding the indicators of ‘environmental policy engagement’, our sample reveals a strong
perceived attachment to the own business region (mean = 9.03) and on average, farmers as-
sess themselves on a fairly high responsibility level concerning the environment (mean = 5.34).
Regarding the adoption of voluntary but incentivized and thus policy-driven AES measures,
around half of the sample has been and currently is engaged in these measures. The intensity
of AES measures from 1-8 lies at a mean of 1.14 in our sample.

In our sample, participants find the cooperation with farmers and other stakeholders important
(mean = 6.58 and 5.59, respectively, on a scale from 1 to 10) as well as the access to
knowledge (mean = 3.49 on a scale from 1 to 5). Private and social contacts are also accounted
for (mean = 2.99); these form another component of networking, the same holds for coopera-
tion with neighbours (mean = 2.63). Other indicators concern the assessed importance of ur-
ban centres for cooperation with land use representatives (mean = 2.23) and other stakehold-
ers

Control variables and their summary statistics are displayed in Table 3. They include standard
variables such as birth year, experience, and formal and agricultural education. Moreover, the
existence of a farm succession may guide farming decision-making (Burton, Wilson, 2006).
Other control variables include physical farm characteristics such as grassland (in hectares)
and farm specialization (Knowler, Bradshaw, 2007).
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Table 3. Summary statistics of control variables

Control variables Mean Std. Dev.
Birth year 1965 11.39
Years of farming experience 26.49 13.12
Formal education (1 no degree; 2 lower secondary; 3 intermediate degree; 4 high | 4.32 0.96
school degree; 5 university degree)

Agricultural education (1 yes; 0 no) 0.74 0.44
Farm succession (1 yes; 2 not yet designated; 3 no, abandoned) 1.72 0.64
Grassland (in hectare) 93 179.76
Farm specialization (1 livestock; 2 arable, 3 mixed, 4 other) 2.03 0.84

Source: authors’ own illustration

5 Results

5.1 Measurement Model

We first assess the reliability and validity of the reflective measurement model. To evaluate the
internal consistency reliability, we turn to the composite reliability p. with a threshold of above
0.6 or 0.7 for exploratory research. This criterion is not met for all three constructs (‘adoption’:
0.8; ‘environmental policy engagement’: 0.5, ‘networking’: 0.8). The threshold for the indicator
reliability to determine a poor loading and thus, exclusion of the indicator, is discussed to be
below 0.4 or below 0.7 (Henseler, Ringle, Sinkovics, 2009). The indicators for ‘adoption’ show
high loadings for intensity of agronomic development and regional integration in the model
(0.743 and 0.473, respectively). Regarding the construct ‘environmental policy engagement’,
three indicators display poor loadings under the threshold of 0.4: organic (-0.099), self-ap-
praisal on role as primarily conservationist, secondary producer (-0.042), and attachment to
business region (-0.095). They are consequently not further included in the model. The results
of the indicator reliability of the construct ‘networking’ clearly indicate poor loading for the fol-
lowing indicators: importance of cooperation with representatives of land use (0.210), im-
portance of access to knowledge (0.043), importance of private and social contacts (0.188).
With the exclusion of these indicators, the criterion of the composite reliability is then met for
all three constructs (‘adoption’: 0.788; ‘environmental policy engagement’: 0.760, ‘networking’:
0.775). The corresponding rho, are also reported (‘adoption’: 0.535, ‘environmental policy en-
gagement’: 0.640, ‘networking’: 0.688). While these values are slightly below the conventional
threshold, they are considered acceptable given the exploratory nature of this study and do
not undermine the internal consistency indicated by the composite reliability. The following
criterion hold for the model without the poorly loaded indicators (Table A1).

Convergent validity is given with an AVE value above 0.5. The AVE values amount to 0.7 for
‘adoption’, to 0.4 for ‘environmental policy engagement’ and for ‘networking’, respectively. The
values fall below this threshold, indicating limited convergent validity. However, the composite
reliability for both constructs exceeds 0.6, and the indicator loadings are within acceptable
ranges, suggesting internal consistency. Further, the discriminant validity, measured by the
heterotrait-monotrait (HTMT)-ratio, is given indicating that the constructs are empirically dis-
tinct from each other, because the threshold of 0.9 for the HTMT is not exceeded in case of all
three constructs.

5.2 Path Modelling Results

We start the path model evaluation by checking for multicollinearity among the variables with
the variance inflation factor (VIF) in the model including all hypothesized paths. There are no
collinearity problems present since all VIF- values are well above 0.02 and below the threshold
of 5 (Hair et al., 2017: 216). We look at the estimated path coefficients for the magnitude and
strength of the hypothesized path between the constructs. We further calculate confidence
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intervals to assess the compatibility of the hypothesized path with our sample (cf. Amrhein,
Greenland, McShane, 2019). For this purpose, we apply the resampling technique of boot-
strapping with a number of 5,000 bootstrap samples at a statistical significance level of 5%.

Before, we display the results of the model that includes all hypothesized paths, we look at the
model (Table A2 in the Appendix) without any of the hypothesized path between ‘gender’ and
‘adoption’ (i.e., P2, P3a+b, P4a+b). The adjusted coefficient of determination R? of the endog-
enous latent variable ‘adoption’ amounts to a moderate value of 0.388. The path coefficients
B for both explanatory constructs ‘environmental policy engagement’ and ‘networking’ on
‘adoption’ are positive. The path between ‘environmental policy engagement’ and ‘adoption’
(P1a) indicates g = 0.259. Regarding the path between ‘networking’ and ‘adoption’ (P1b), g
also amounts to 0.259. These paths depict the highest coefficient among the path coefficients
being of moderate size. Both hypothesized paths are supported by our data given the confi-
dence intervals. That is, higher ‘environmental policy engagement’ and more ‘networking’
would result in higher (intention for) adoption of sustainable practices. A one standard deviation
increase in policy engagement or networking is associated with roughly 0.8 additional agro-
nomic development measures and 0.27 additional regional integration measures per farmer.

The control variables ‘birth year’, ‘years of farming experience’, ‘formal education’, ‘agricultural
education’ and ‘farm specialization’ exhibit positive path coefficients, whilst ‘grassland’ and
‘farm succession’ show a negative path coefficient. The sizes of the path coefficients range
from B = 0.241 for ‘farm specialization’, indicating that mixed farms are more likely to adopt
sustainable practices, to g = 0.007, in absolute terms, for ‘grassland’. Except for the path be-
tween ‘farm specialization’ and ‘adoption’, the paths between all other control variables and
‘adoption’ are not supported by our data.

We continue with the calculation of the model adding the direct path between ‘gender’ and
‘adoption’ (P2, Table A3 in the Appendix) but still excluding the indirect path and moderating
role (P3a+b, P4a+b). The adjusted coefficient of determination R? of the endogenous latent
variable ‘adoption’ increases to 0.414. The sign of the path coefficients as well as the statistical
evidence of the path in the data confirm the results in Table A2. The maijority of path coeffi-
cients marginally decreases. The hypothesized path between ‘gender’ and ‘adoption’ displays
a path coefficient of g = -0.054. It is negative and of small size. Based on the confidence
interval, we interpret P2, the direct path, to be not supported by our data, as the confidence
interval ranges from -0.146 to 0.040.

The results of the model including all hypothesized paths (P1-4, Table 4 + Figure 3) is in line
with the abovementioned results for the paths coefficients displayed in Table A2 and A3. The
adjusted coefficient of determination R? amounts to 0.382. Regarding the direct hypothesized
paths for ‘gender’ and ‘adoption’ (P2), the size of the path coefficient remains negative and of
small size (8 = -0.045). The hypothesized path is supported by the data at low statistical un-
certainty. Regarding the indirect hypothesized path between ‘gender’ and ‘adoption’, namely
‘gender’ and ‘environmental policy engagement’ (P3a) as well as ‘networking’ (P3b), respec-
tively, we find negative path coefficients of moderate size (8 = -0.137 for P3a and g = -0.119
for P3b). It means that if gender increases from 0 to 1 (i.e., from male to female), the predicted
level of environmental policy engagement decreases by 0.137 standard deviations, and net-
working decreases by 0.119 standard deviations. Referring these coefficients to the indicators
of each construct, female famers score 0.19-0.54 lower across the engagement indicators and
0.27-0.88 lower across the networking indicators compared to male famers. The confidence
intervals suggest support of our data for P3a and P3b. We also look at the moderating role of
gender regarding the paths between ‘environmental policy engagement’ and ‘adoption’ (P4a)
and between ‘networking’ and ‘adoption’ (P4b). The path coefficients amount to g = 0.012 and
B = 0.022 for P4a and P4b, respectively. The size of the coefficient is positive, but very small.
The hypothesized moderating role of gender does not appear to be clearly supported by our
data (Cls: -0.090 to 0.135, P4a and -0.093 to 0.136, P4b). That is, only the indirect paths of
‘gender’ on ‘adoption’ are supported by our data (P3a+b).
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Table 4. Estimated path coefficients for PLS-SEM Model with all hypothesized paths

Path Path coefficient | 2.5%CI 97.5% ClI
P1a: environmental policy engagement > adoption 0.255 0.151 0.369
P1b: networking = adoption 0.255 0.143 0.389
P2: gender > adoption -0.045 -0.146 0.066
P3a: gender = environmental policy engagement -0.137 -0.260 -0.005
P3b: gender > networking -0.119 -0.239 -0.006
P4a: gender * environmental policy engagement - adoption 0.012 -0.090 0.135
p4b: gender * networking - adoption 0.022 -0.093 0.136
Birth year - adoption 0.115 -0.033 0.256
Years of farming experience - adoption 0.060 -0.101 0.204
Formal education - adoption 0.106 -0.007 0.213
Agricultural education > adoption 0.064 -0.040 0.165
Farm succession - adoption -0.064 -0.161 0.042
Grassland = adoption -0.005 -0.138 0.105
Farm specialization > adoption 0.238 0.131 0.337

Adj. R? = 0.382

Source: authors’ own illustration

Environmental
policy engagement

~
™~

-.137 I ,oy\zss
-.045 .
—° Adoption
-119 I .05 /255
Control variables
Networking
. Farm
Birth year ]
succession
Farmi
arntung Grassland
experience
Formal Farm
education specialization
Agricultural
education

Agronomic development

Regional integration

Figure 3. Estimates path coefficients for the PLS-SEM on the hypothesized paths between
gender, the environmental policy engagement, networking and adoption of sustainable
intensification measures.

Source: authors’ own illustration

6 Discussion

The finding that first, environmental policy engagement and second, networking is positively
associated with the adoption of sustainable practices (P1a + P1b) align with a large strand of
empirical findings. Stronger environmental engagement including awareness have been found
to encourage the adoption of sustainable practices (Prokopy et al., 2008; Dessart, Barreiro-
Hurlé, van Bavel, 2019; Burton, Rigby, Young, 2003; Lapple, Kelley, 2015). The higher en-
gagement in pro-environmental policy measures, such as the participation in AES programs,
can signal the farmers’ intentions to further intensify sustainable practices (Feliciano, 2022;

13




Kionka et al. | Ger J Agr Econ 75 (2026)

Pépin, Morel, van der Werf, 2021). The environmental policy engagement beyond the CAP,
for instance in innovation technologies, together with a local and regional identity enhances
engagement through shared learning costs and peer group effects (Lapple, Kelley, 2015; Hut-
tel, Leuchten, Leyer, 2022).

Regarding networking, our results align with prior studies emphasizing the positive relation of
collective action, networks and resulting social pressure and such adoption decisions (Buck-
well et al., 2014; Hunecke et al., 2017; Burton, 2004a; Scherer, Verburg, Schulp, 2018; Tur-
kelboom et al., 2018). Cooperation with other farmers and private contacts generates social
capital and observational learning enhances the adoption of sustainable practices (Knowler,
Bradshaw, 2007; Kristjanson et al., 2017). Furthermore, consultation with advisory services
supports knowledge exchange and expertise development to adopt sustainable intensification
practices (Fert6, Barath, Bojnec, 2025; Rizzo et al., 2024; Correa, Gsottbauer, Nordén, 2025).

The direct hypothesized path (P2) between gender and the adoption of sustainable practices
is not supported by our data. Given the overall low number of observations, and the relatively
small number of females in the sample, our study might be underpowered for quantifying
smaller relations at sufficient statistical precision. Previous studies in Europe have shown that
women tend to engage in pro-environmental management approaches and to circumvent so-
cial and economic barriers with a higher adaptive capacity compared to men and thus, a higher
likelihood of the adoption of sustainable practices (Unay-Gailhard, Bojnec, 2021; Fert6,
Bojnec, 2024; Fert6, Barath, Bojnec, 2025). Other studies postulate that women may prioritize
altruistic and conservationist behaviour to a greater extent than men, making them more likely
to adopt regional integration measures (Zelezny, Chua, Aldrich, 2000; Desrochers et al., 2019;
Swim, Gillis, Hamaty, 2019; Dietz, Kalof, Stern, 2002).

However, our negative coefficient may reflect patterns more commonly observed in the Global
South, where women face limited access to resources and information and then show lower
adoption rates of sustainable practices (Gulsoy, Ustabas, 2019; Adebayo, Worth, 2024;
Doneys et al., 2022; Liu, 2022; Nordhagen, Pascual, Drucker, 2021). A lower adoption rate
among women farmers may therefore contradict expectations in the European context, yet
potential structural and institutional barriers may outweigh potential care-taking effects (G-
Isoy, Ustabas, 2019; Adebayo, Worth, 2024; Doneys et al., 2022; del Mar Fuentes-Fuentes et
al., 2023; Humayra, Uddin, Pushpo, 2024). A review paper on women farmers in developed
countries (Ball, 2020) highlights that women tend to manage smaller farms, cultivate different
crops and earn less income compared to men. In our sample, we find that women-headed
farms are about half the size of those run by men. Ball (2020) calls for deeper economic anal-
yses to explain mixed evidence of progress of women farmers’ equality to men farmers. Since
our study does not account for the economic background of the respondents, we are unable
to assess whether this argument applies to our study region.

The indirect path of gender and adoption through environmental policy engagement (P3a) is
supported by our data. The relation of moderate strength aligns with previous studies reporting
such a relation. However, we find a negative path coefficient for the relation contrasting the
empirical findings showing equal or even higher levels of engagement of women-headed farms
in environmental policies (Fert6, Bojnec, 2025; Unay-Gailhard, Bojnec, 2015; Carter, 2019;
Peter et al., 2000; Tourtelier, Gorman, Tracy, 2023). While women are generally found to be
more environmentally conscious and open to adopting environmentally friendly practices, gen-
der disparities, disadvantaging women, exist. In particular, women receive less environmental
subsidies, despite findings that younger women farmers are more engaged in environmental
policy (Unay-Gailhard, Bojnec, 2021; Burton, 2014). In our sample, the negative relation be-
tween gender and environmental policy engagement might relate to the demographic charac-
teristics of the sample. The average birth year is 1965 overall and 1967 for women, placing
most respondents above the EU-defined threshold of 40 years for young farmers. The farmers
depicted in the sample might face barriers that limit access to information on receiving higher
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environmental subsidies and thus, further motivating their engagement in environmental poli-
cies. The very small positive coefficient, combined with its lack of statistical significance, indi-
cates that the moderating role of gender is of limited economic and statistical relevance for the
analysis of gender and sustainable intensification adoption, given our data in this study region
(P4a). A stronger engagement of women in environmental policies as a first step could, how-
ever, enhance their capacity to adopt sustainable practices.

The second indirect path of gender and adoption through networking (P3b) is consistent with
our data and shows a negative relation of moderate size. We find that women are less likely
to be members of organisations or parties, to cooperate with other farmers or to consult advi-
sory services. While the latter finding contrast results from Sweden, where women slightly
more frequently engage with advisory services than men (Correa, Gsottbauer, Nordén, 2025),
our results support empirical evidence that networks offering access to social groups, can be
male-dominated and low in diversity rates. Consequently, the role of social norms in decision-
making can be determined by gender (McDonald, 2011). Limited access to social networks
may result in women-only spaces (Carter, 2019). Female farmers aim at their organisation in
cooperatives and groups to diminish isolation from male-dominated networks (Westermann,
Ashby, Pretty, 2005; Carter, 2019). Despite growing networking opportunities, the need for
women-specific organisations and programmes in agriculture remain high (Ball, 2020). In our
study region, a study on the representativeness of women revealed that women continue to
be underrepresented in local action groups in rural development (Rihmling, 2024). The rea-
sons for limited engagement of women might result from a lack of incentives, as advisory ser-
vices and cooperative structures are often not perceived as tailored to the specific needs of
women-headed farms. Participation in networks might be seen as time consuming, competing
with daily operational and financial decision-making. In our sample, women-headed farms rep-
resent 15.5% and are distributed across different federal states. This might pose a challenge
to establish local groups. Organizing such networks comes with logistical and financial cost. It
emphasizes the need for tailored, targeted communication and support measures to encour-
age women to participate in networks, helping them strengthen their position in the agricultural
sector. Empowering women in the agricultural sector is important, because they play a key role
in the adoption of sustainable agricultural practices (Collins, 2018; Jost et al., 2016). The fact
that this empowerment might not yet be fully achieved is reflected in the limited economic and
statistical relevance for the moderating role of gender on the relation between networking and
adoption (P4b).

As with any research, our study has a number of limitations. First, we base our empirical anal-
ysis on existing survey data. While they enable us to enhance the insights by Weltin et al.
(2021), the questionnaire was not explicitly designed for the purpose of our study. Even though
the indicators of the constructs are not arbitrarily developed but backed by empirical literature,
the operationalization of the constructs was limited by the existing data. Further research could,
therefore, align survey design to existing measurement of attitudes in the literature (Fishbein,
Ajzen, 2011). This could also affect the AVE values, which in our study fall below the recom-
mended threshold and therefore require cautious interpretation of the results, in terms of po-
tential over-or underestimation as well as generalizability. An additional limitation relates to
potential response limitation in the survey design. Women might engage in different ways in
the environment or network, not captured in the survey, such as digital engagement, informal
mentorships or experimental or pilot programs. Moreover, the data was collected in 2017,
which does not represent the latest development and measures in the EU CAP. This might
impact the results concerning the role of gender, for instance, regarding the creation of women
networks which nowadays, especially after the pandemic, often take place online. We are also
not able to test for reverse directions of mechanisms and thus, repeated surveys are of im-
portance to address this issue.

Given the existing data set, we treat gender as a binary variable and are not able to capture

gender identity. Further, we recognize that the sample size (N = 245), particularly the relatively
small number of women (38 or 15.5%), may affect the statistical power of our tests. Despite a
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comparable share of women with a FADN sample, which represents 20% of women (Fert6,
Bojnec, 2024), we have incorporated sensitivity analyses by calculating confidence intervals
for the hypothesized paths using bootstrapping to address this potential limitation. However,
dimensions of diversity are not fully represented. Thus, a relevant take-away for the research
community is to diversify the inclusion of gender and gender identity in the analysis of sustain-
able adoption. A more intersectional analysis could be next steps for future research.

In general, the empirical approach offers paths for investigating the roles of other underrepre-
sented groups with a more caring attitude concerning the natural ecosystem. Further research
could include the relation of e.g., migration and ethnicity with the adoption of sustainable prac-
tices (Jones-Garcia, Krishna, 2021) and the role of age for women. However, intersectional
research has to be designed and conducted with care, but can then be analysed in different
forms of qualitative and quantitative methods. Also, the sampling of under-researched groups
in general, and in an intersectional analysis in particular, needs to be carefully prepared to
ensure representativeness and the possibility to generalize the findings. Different guidelines
have been established in the literature to promote trust between communities and researchers
and enhance the diverse participation (Misra, Curington, Green, 2021; Retzer et al., 2023).

7 Concluding Remarks

The adoption of sustainable intensification measures is crucial for maintaining or even increas-
ing crop yields while reducing environmental harm. In recent literature, the social dimension of
adoption has gained growing attention, especially the role of gender in adoption behaviour.
While numerous studies have examined this relation in the Global South, knowledge about the
connection between gender and the uptake of sustainable practices in the Global North re-
mains limited. Thus, the aim of this paper was to contribute to the understanding of the role
gender can play in the decision to adopt sustainable farming practices in northern German
peatland area. This region is characterized by both ecological and economic significance within
a country, that ranks among the top four players in agricultural production in the EU. Drawing
on a sample of farms in this area, we apply a structural equation model to test different hypoth-
esized path between gender and adoption. In addition to gender, we include key concepts
found to play a role in the adoption of sustainable intensification practices, namely environ-
mental policy engagement and networking.

We find a positive relation between environmental policy engagement as well as networking
and adoption of sustainable intensification practices, respectively. These results align with em-
pirical evidence from the literature showing that environmental awareness, e.g. displayed by
uptake of voluntary, policy driven sustainable practices, and openness to innovation adoption
and cooperation with farmers and private contact foster the adoption of sustainable practices
in agriculture.

The relation of gender and adoption of sustainable intensification measures is not of direct or
moderating relevance, either economically or statistically for our study sample. However, we
find that gender plays an indirect role in the adoption of sustainable intensification measures
in our data. The indirect path, of moderate size, is negative, suggesting that women-headed
farmers in our sample are less likely to engage in environmental policy and networks, con-
trasting findings from studies in the other European context. This result likely reflects structural
and institutional barriers, which might diminish the adaptive capacity to barriers in environmen-
tal policy engagement und formation of female networks and thus, the likelihood of adopting
sustainable intensification measures.

Our analysis revealed the importance of a model capturing the relation between gender and
adoption in different ways. Our study contributes to an improved understanding of the gender
dimension in the broader adoption of sustainable practices beyond an incentivized policy
framework. While many studies focus solely on the direct link between gender and adoption or
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on gender and environmental policy engagement and networking, our study is, to our
knowledge, the first to apply a structural equation model that incorporates all relevant paths.
The mere inclusion of the direct path of gender (P2), or even with a moderating role (P4a+b)
does not capture the relation between gender and sustainable practices to the fullest. Thus,
research on the role of gender should include all potential paths, including indirect ones
(P3a+b).

From a policy perspective, the first step in promoting broader voluntary sustainable intensifi-
cation measures seems to be increasing the engagement of women in environmental policies,
organisation and groups. For the first time, the CAP 2023-2027 already attributes one objective
to increasing women’s engagement in farming. The need for a more gender-sensitive design
is addressed by dedicating funding to the social inclusion of women, e.g. in networks in rural
areas, and to improving access to loans for entrepreneurial activities (EU CAP Network, 2022).
Further research could assess the impact and role of this CAP goal.

An enhanced understanding among policy-makers regarding the motives and factors that in-
fluence the decision to adopt more sustainable practices is essential for effective, gender-
sensitive policy designs. Access to advisory services and professional networks could be fa-
cilitated by more flexible training opportunities and digital participation formats, particularly in
rural areas. Within the group of female farmers, differences regarding economic and age bar-
riers have to be accounted for. Cooperation among women farmers could be fostered by initi-
ating a partnership programs between women-lead farms in the region, while existing organi-
sations could strengthen representation goals in local action groups to ensure women’s par-
ticipation. It seems not to be a lack of environmental awareness but rather structural barriers
that influence the daily decision-making and behaviour (Chen, Barcus, 2024; Fert6, Bojnec,
2025), as empowered women are key to driving sustainable intensification (Collins, 2018;
Jost et al., 2016). Further research could analyse the role of the suggested policy initiatives
in promoting the adoption of sustainable intensification.
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Appendix
Table A1. Evaluation of measurement model
Composite AVE Indicator | Heterotrait-monotrait
reliability p. loading (HTMT)-ratio
Adoption of Engagement Networking
sustainable intensification 0.788 0.653 0.616 0.746
N. of adopted agronomic 0.888
development measures [0; 1-7] '
N. of adopteq regional integration 0.720
measures [0;1-5]
Environmental policy Adoption Networking
engagement 0.760 0.443 0616 0.416
Adoption of agri-environmental 0.604
measures before 2013 (D) '
Adoption of agri-environmental
0.671
measures currently (D)
N. of AES measures [0; 1-8]) 0.708
Regional pioneer in innovation 0675
adaptation (full agreement: 10) )
Networki 0.775 0.371 Adoption Engagement
etworking : : 0.746 0.416
Frequency of asking other farmers
. . 0.495
for advice (very often: 5)
Frequency of coordination of operat.
decisions with neighbours (see 0.473
above)
Frequency of consultation of
agricultural advisory service (see 0.692
above)
Importance of cooperation with 0617
other farmers (very important: 10) )
Importance of cooperation with
0.752
others (see above)
N. of memberships [0; 1-4] 0.577

Source: authors’ own illustration

Table A2. Estimated path coefficients for PLS-SEM Model without gender

Path Path coefficient | 2.5% CI 97.5% ClI
P1a: environmental policy engagement - adoption 0.259 0.154 0.367
P1b: networking = adoption 0.259 0.151 0.390
Birth year > adoption 0.121 -0.029 0.262
Years of farming experience - adoption 0.073 -0.086 0.216
Formal education > adoption 0.107 -0.0001 0.210
Agricultural education - adoption 0.066 -0.037 0.170
Farm succession - adoption -0.070 -0.167 0.031
Grassland = adoption -0.007 -0.135 0.107
Farm specialization > adoption 0.241 0.134 0.334

Adj. R? = 0.388

Source: authors’ own illustration
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Table A3. Estimated path coefficients for PLS-SEM Model with direct path from gender to

adoption
Path Path coefficient | 2.5%CI 97.5% ClI
P1a: environmental policy engagement > adoption 0.255 0.151 0.368
P1b: networking = adoption 0.255 0.144 0.386
P2: gender > adoption -0.054 -0.146 0.040
Birth year - adoption 0.116 -0.037 0.255
Years of farming experience - adoption 0.058 -0.099 0.205
Formal education - adoption 0.109 -0.0002 0.212
Agricultural education > adoption 0.067 -0.037 0.161
Farm succession - adoption -0.067 -0.163 0.031
Grassland - adoption -0.008 -0.135 0.103
Farm specialization > adoption 0.241 0.134 0.332

Adj. R? =0.414

Source: authors’ own illustration
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