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ABSTRACT
This paper examines gender differences in organic certification among Hungarian wineries and asks whether they reflect observ-
able differences in sustainability engagement, organizational capabilities, and structural characteristics, or differences in how
similar profiles translate into certified status. Using a 2022 cross-sectional survey, we estimate binary-response models and
apply nonlinear Blinder–Oaxaca decomposition to separate the female–male certification gap into characteristics and coeffi-
cient/residual components. Female-managed wineries are more likely to hold organic certification than male-managed winer-
ies, despite broadly similar reported green-practice adoption, managerial orientation, absorptive capacity, relational governance,
education, and firm age. Observable characteristics explain little of the gap. Instead, the difference is concentrated in the coeffi-
cient/residual component, indicating a reduced-form residual difference in certification probabilities among wineries with similar
observed profiles, rather than identifying its mechanism. Robustness checks using alternative link functions, land transformations,
principal-component indices, and linear decomposition support this descriptive pattern. The findings highlight the need to dis-
tinguish reported sustainability practices from formal certification, especially in high-value agri-food sectors where certification
also functions as a market signal. The results should be interpreted cautiously: the cross-sectional design, small female-managed
subsample, and self-reported practice measures preclude causal identification. The paper therefore identifies an unexplained
certification-pattern difference and points to the need for longitudinal, process-level, and externally validated data on certifica-
tion histories, advisory support, market channels, documentation practices, inspection experiences, and pathways through which
sustainability practices become formally recognized.

1 | Introduction

Organic certification is increasingly used to promote environ-
mentally responsible production and to signal sustainability
attributes in agri-food markets. Yet adoption remains uneven
across producers, and the role of gender in certification decisions
is still poorly understood. Reviews of organic farming and sus-
tainable innovation adoption identify gender as a potentially rel-
evant characteristic, but they also emphasize that the direction
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and magnitude of gender effects vary substantially across
contexts, technologies, and institutional settings (Sapbamrer
and Thammachai 2021; Rizzo et al. 2024; Karipidis and
Karypidou 2021). A recurrent finding is that women may place
relatively greater weight on environmental and health-related
motivations, whereas men may more often emphasize pro-
ductivity, scale, and market returns. However, these patterns
are not stable across empirical settings and often weaken
once socioeconomic characteristics, farm structure, and local
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institutional conditions are taken into account (Sapbamrer and
Thammachai 2021; Rizzo et al. 2024; Fertő and Bojnec 2025;
Eti 2025).

A central reason for this ambiguity is that much of the exist-
ing evidence concerns the adoption of organic-compatible or
environmentally friendly practices rather than certified organic
status. Practice adoption and certification are related but ana-
lytically distinct outcomes. Organic-compatible practices can
be adopted incrementally and informally, whereas certification
requires producers to translate such practices into a formalized
system of documentation, inspection, and third-party verifi-
cation. Certification therefore involves not only production
choices but also administrative capacity, market positioning,
organizational routines, and expectations about the benefits of
formal recognition (Karipidis and Karypidou 2021; Sapbamrer
and Thammachai 2021). These requirements may interact with
resources, networks, advisory support, and labor availability,
all of which can be gendered in agriculture (Ume et al. 2023;
Ruzzante et al. 2021; Awoke et al. 2025). At the same time, the
nature and direction of such interactions cannot be assumed to
be uniform across sectors. In high-value agri-food sectors, gender
differences in certification may reflect not only constraints but
also selection into management roles, differences in market
channels, or unobserved managerial strategies.

The Hungarian wine sector provides a useful setting for examin-
ing these issues because organic certification functions both as a
production standard and as a market signal. Wineries may adopt
environmentally friendly vineyard and cellar practices without
pursuing certification, especially where quality, sustainability,
or reputation are communicated through established buyer
relationships, local reputation, tourism, or direct sales. Con-
versely, certification may be more valuable where wineries seek
to communicate sustainability attributes to less familiar buyers,
intermediaries, or export-oriented market segments. This means
that certification should not be treated simply as a direct measure
of environmental engagement. Rather, it is a formal recognition
outcome that may depend on how sustainability-related prac-
tices, managerial capabilities, and market incentives combine
within a particular sectoral context.

This distinction is especially important for gender analysis.
General agricultural research often emphasizes women’s
disadvantages in land, capital, training, and organizational
participation, and these factors may constrain access to complex
certification schemes (Ruzzante et al. 2021; Ume et al. 2023; Tufa
et al. 2022). However, female-managed wineries may not neces-
sarily mirror the patterns observed among female-headed farms
in broader agricultural settings. Women who occupy senior
management positions in wineries may represent a selected
group of decision-makers operating in relatively established or
commercially oriented firms. Consequently, gender differences
in certification in this sector may arise not only from observable
resource gaps but also from differences in market orientation,
certification strategies, advisory connections, family-firm orga-
nization, or other unobserved factors. This makes the wine
sector a relevant context for asking whether similar observed
sustainability profiles are associated with similar certification
outcomes across gender groups.

This paper examines gender differences in organic certification
among Hungarian wineries. The empirical question is whether
female- and male-managed wineries differ in certified organic
status because they differ in observable sustainability engage-
ment, capabilities, and structural characteristics, or because
similar observed profiles are associated with different certifi-
cation outcomes. We use a 2022 cross-sectional survey of 234
Hungarian wineries, including 41 female-managed and 193
male-managed wineries. The analysis estimates binary choice
models and applies nonlinear Blinder–Oaxaca decomposition
to separate the raw gender difference in certification into a com-
ponent associated with observable characteristics and a residual
component associated with differences in estimated coefficients
(Blinder 1973; Oaxaca 1973; Bauer and Sinning 2008).

The decomposition framework is useful because it distinguishes
between two empirically different possibilities. If certification
gaps are mainly explained by observable characteristics, then dif-
ferences in resources, capabilities, or practice adoption would
account for most of the observed gap. If, instead, the coefficient
component dominates, then wineries with similar observed char-
acteristics are associated with different predicted certification
outcomes across gender groups. Importantly, the latter pattern
should not be interpreted as direct evidence of discrimination,
structural barriers, or unequal treatment. In a cross-sectional
decomposition, the coefficient component is a reduced-form
residual. It may reflect omitted variables, measurement error,
sample selection, unobserved preferences, differences in market
positioning, or certification-process factors that are not directly
observed in the data.

The results show that female-managed wineries have a higher
probability of holding organic certification than male-managed
wineries. Observable differences in managerial orientation,
green-practice adoption, relational governance, absorptive
capacity, land, education, and firm age explain little of this gap.
Instead, the difference is concentrated in the coefficient/residual
component, indicating that the observed covariates do not
account for the certification gap. This should be interpreted
as a reduced-form residual pattern, not as evidence that the
underlying certification process differs structurally by gender.
This finding should be read as descriptive and exploratory rather
than causal. It identifies a pattern in the certification–practice
relationship that requires further explanation, rather than
establishing the mechanism that produces it.

The paper contributes to research on gender and sustainability
transitions in two ways. Substantively, it shows that gender dif-
ferences in formal certification cannot be inferred directly from
differences in reported sustainability practices or managerial ori-
entation. This matters because certification is often used as an
indicator of sustainability engagement, even though producers
with similar reported practice profiles may differ in whether
they formalize those practices through certification. Methodolog-
ically, the paper applies nonlinear decomposition to a certifica-
tion outcome, thereby distinguishing compositional differences
from differences in estimated associations. This distinction is rel-
evant for future research because it points to the need for more
detailed data on conversion histories, certification costs, advisory
support, inspection experiences, market channels, and the inten-
sity and quality of environmental practices. The contribution is
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therefore deliberately descriptive. The analysis identifies whether
the observed covariates available in the survey account for the
certification gap, but it does not adjudicate among the unob-
served mechanisms that may generate the coefficient/residual
component.

The remainder of the paper proceeds as follows. Section 2 reviews
prior evidence on organic adoption, certification, gendered con-
straints, and sector-specific mechanisms that may shape certi-
fication outcomes. Section 3 presents the data, variables, and
empirical strategy. Section 4 reports the decomposition results
and robustness checks. Section 5 discusses the findings, their lim-
itations, and implications for future research and policy. Section 6
concludes.

2 | Literature Review

Research on organic certification adoption rarely centers on
gender explicitly. Nevertheless, work on organic farming,
quality certification, sustainable innovation adoption, and
agri-environmental measures provides useful guidance for
understanding why certification may differ across producer
groups. This literature points to two broad insights. First, cer-
tification is related to, but not identical with, the adoption of
environmentally friendly practices. Second, gender differences
in certification may arise not only from differences in observed
resources or sustainability orientation, but also from differ-
ences in market positioning, organizational routines, advisory
connections, and unobserved managerial strategies.

This section reviews four strands of research. Section 2.1 dis-
cusses determinants of organic certification and emphasizes the
distinction between practice adoption and formal recognition.
Section 2.2 reviews gender differences in organic and sustainable
practice adoption. Section 2.3 discusses potential mechanisms
that may shape the translation of sustainability engagement
into certification. Section 2.4 connects these mechanisms to the
Hungarian wine sector and clarifies the research gap addressed
by the present study.

2.1 | Organic Certification as a Formalization
and Market-Signaling Process

Organic adoption and certification are typically explained by
expected returns, risk, and capacity constraints. Systematic
reviews of organic farming adoption and organic conversion deci-
sions identify education, age or experience, farm size, off-farm
income, and institutional conditions as important correlates of
adoption decisions (Sapbamrer and Thammachai 2021; Kari-
pidis and Karypidou 2021). Broader reviews and meta-analyses of
sustainable agricultural technology adoption similarly highlight
land size and tenure security, credit access, extension services,
and organizational participation as recurring predictors across
contexts and technologies (Rizzo et al. 2024; Ruzzante et al. 2021;
Ume et al. 2023).

These findings suggest that certification is not only a production
decision. It is also an organizational and administrative pro-
cess. Producers must not only adopt practices compatible with
organic standards but also document those practices, undergo

inspection, maintain compliance routines, and evaluate whether
the expected market benefits justify the costs of certification.
Certification-focused studies reinforce this point. Evidence from
Taiwan shows that age, education, experience, labor and facil-
ities, and especially organizational participation are associated
with the adoption of different agricultural certification types
(Kuan et al. 2021). Research on agro-food quality certification
in China likewise stresses the role of cooperatives and pro-
ducer organizations in facilitating certification adoption and
improving performance (Dong and Liang 2023). At the same
time, perceived barriers and concerns over economic sustain-
ability may discourage organic implementation even when
environmental motivations are present (Eti 2025).

A key implication is that practice adoption and certifica-
tion should be treated as analytically distinct outcomes.
Organic-compatible practices may be adopted incrementally,
informally, or selectively, while certification requires these
practices to be translated into a formally recognized and exter-
nally verified status. This distinction is especially relevant in
high-value agri-food sectors, where certification can serve as
a market signal to buyers, retailers, tourists, or export mar-
kets. In such settings, producers may adopt environmentally
friendly practices without certifying if they rely on local repu-
tation, repeated buyer relationships, or direct sales. Conversely,
certification may be more attractive where producers seek to
communicate sustainability attributes to less familiar buyers or
more standardized market channels.

The literature therefore suggests that certification reflects both
sustainability engagement and the perceived value of formal
recognition. This distinction motivates the present study’s focus
on whether female- and male-managed wineries differ in certifi-
cation because of observable differences in practices, capabilities,
and resources, or because similar observed profiles are associated
with different certification outcomes.

2.2 | Gender and Organic or Sustainable
Practice Adoption

The literature on gender and sustainable agricultural adoption
is mixed. Reviews of organic farming and sustainable innovation
adoption identify gender as a potentially relevant characteris-
tic, but also show that its direction and magnitude vary across
technologies, regions, and institutional settings (Sapbamrer and
Thammachai 2021; Rizzo et al. 2024; Karipidis and Karypi-
dou 2021). Many studies suggest that women place relatively
greater weight on environmental, health, and household welfare
motivations, whereas men may emphasize productivity, scale,
and market returns (Sapbamrer and Thammachai 2021; Rizzo
et al. 2024; Fertő and Bojnec 2025). However, these differences
often weaken or disappear once socioeconomic characteristics,
farm assets, and local institutional conditions are controlled for
(Eti 2025; Kuan et al. 2021).

Much of this evidence concerns the adoption of practices rather
than certified organic status. This matters because a producer
may use organic-compatible techniques without entering or com-
pleting a formal certification process. In the limited number of
studies explicitly testing gender differences in organic adoption,
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women are often found to be more likely to adopt organic
farming, but their organic plots may be smaller and more closely
linked to household livelihood strategies or off-farm income
(Sapbamrer and Thammachai 2021). Evidence from northern
Ghana shows that female-headed households were more likely
to adopt organic fertilizer, but that adoption increased women’s
labor burden substantially (Daadi and Latacz-Lohmann 2021).
Similar findings appear in research on climate-smart agriculture:
women’s lower access to land, credit, training, and hired labor
can reduce adoption, while additional labor demands often fall
disproportionately on women (Awoke et al. 2025).

These studies reveal an important tension. Women may display
strong environmental motivations and may adopt sustainable
practices when they control production decisions, but formal
certification can require resources and routines that differ from
those required for practice adoption alone. Certification intro-
duces documentation, inspection, and compliance tasks that
may interact with labor availability, administrative capacity,
and advisory support. Therefore, gender differences in certifi-
cation cannot be inferred directly from gender differences in
environmental attitudes or practice adoption.

Evidence from agri-environmental and climate schemes provides
complementary insights. European studies suggest that women
may be more inclined toward environmentally oriented mea-
sures, but apparent gender differences can diminish once scale
and assets are accounted for (Fertő and Bojnec 2025). Evidence
from Hungary similarly indicates that adoption intensity can be
comparable across male- and female-headed farms after control-
ling for farm size and assets (Fertő and Bojnec 2025). This rein-
forces the view that observed gender differences in green engage-
ment are often mediated by farm structure and resources rather
than by stable preference differences alone.

2.3 | Mechanisms Linking Sustainability
Engagement to Certification

Prior research points to several mechanisms through which sus-
tainability engagement may or may not translate into certifica-
tion. These mechanisms should be understood as possible chan-
nels rather than as mechanisms identified directly in the present
study.

First, resources and organizational participation may shape the
certification process. Reviews and meta-analyses consistently
identify education, land size, tenure, credit access, extension,
and farmer organization membership as important predictors
of organic and sustainable technology adoption (Ruzzante
et al. 2021; Rizzo et al. 2024; Ume et al. 2023; Karipidis and
Karypidou 2021). Certification studies further show that pro-
ducer organizations and cooperatives can reduce information
costs, facilitate compliance, and improve market access for
certified producers (Kuan et al. 2021; Dong and Liang 2023).
Because women in agriculture often face disadvantages in land
access, credit, training, and organizational participation, these
channels may constrain their ability to enter complex certifica-
tion schemes even when they are willing to adopt sustainable
practices (Sapbamrer and Thammachai 2021; Ume et al. 2023;
Awoke et al. 2025; Tufa et al. 2022).

However, this resource-constraint argument cannot be applied
mechanically to all sectors. In high-value sectors such as wine,
women who occupy senior management positions may represent
a selected group. They may manage older, larger, family-owned,
or more commercially oriented firms rather than reflecting the
average resource position of women in agriculture. This possibil-
ity is important for the present study because female-managed
wineries in the sample do not appear to have lower land
endowments than male-managed wineries. Therefore, the lit-
erature on gendered resource constraints provides an impor-
tant background, but the empirical analysis must also allow for
sector-specific selection into winery management.

Second, labor and time demands may affect certification. Organic
and climate-smart practices can increase labor requirements, and
additional labor is often disproportionately supplied by women
(Daadi and Latacz-Lohmann 2021; Awoke et al. 2025). Certifi-
cation may add further time demands through recordkeeping,
inspections, and compliance routines. Nevertheless, the available
data do not directly measure household labor allocation, unpaid
care responsibilities, or time spent on certification administra-
tion. For this reason, labor burden should be treated as a plausible
explanation that future research should test, rather than as an
established mechanism in the present study.

Third, networks and advisory channels may influence whether
producers move from practice adoption to certification. Adoption
decisions are shaped not only by individual resources but also
by peer effects, perceived norms, local institutions, and access to
trusted information (Tran-Nam and Tiet 2022; Xia et al. 2023).
A mixed-method study of participatory guarantee system certi-
fication in Vietnam shows that local institutional arrangements
and social influence can shape adoption, and that gendered roles
in cultivation and marketing can condition who drives deci-
sions (Tennhardt et al. 2025). In certification contexts, advisory
contacts, certifier interactions, and producer organizations may
affect how easily producers understand requirements, prepare
documentation, and evaluate expected benefits.

Fourth, market channels and relational governance may
condition the value of certification. Certification is a third-party
signal. Its value may be greatest when producers sell to distant,
less familiar, or more standardized markets where buyers can-
not easily observe production practices. By contrast, in local
or relationship-based markets, reputation, repeated transac-
tions, and trust may partly substitute for formal certification.
This logic is particularly relevant for wine, where producers
may rely on direct sales, tourism, local reputation, restaurants,
specialized retailers, or export channels. Therefore, the rela-
tionship between relational governance and certification may be
ambiguous. Strong buyer relationships may support learning and
coordination, but they may also reduce the perceived need for
third-party verification if sustainability and quality are already
communicated through repeated interaction.

These mechanisms indicate several possible channels through
which certification status may differ across producer groups,
although the present study cannot observe or identify these chan-
nels directly. Any residual certification difference may therefore
reflect unobserved variation in resources, market orientation,
organizational embeddedness, advisory support, family-firm
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roles, buyer relationships, certification histories, or managerial
strategies. Importantly, a decomposition analysis cannot distin-
guish among these channels unless they are measured directly.
The coefficient component in a Blinder–Oaxaca decomposition
should therefore be interpreted as a reduced-form residual that
may capture omitted variables, measurement error, sample selec-
tion, or unobserved strategy differences, not as direct evidence of
discrimination or institutional barriers.

2.4 | Hungarian Wine Sector and the
Certification–Practice Relationship

The Hungarian wine sector offers a useful setting for studying
these issues because organic certification combines produc-
tion, regulatory, market-signaling, and territorial-reputation
dimensions. Recent wine-sector research increasingly treats
sustainability not only as a farm-level environmental prac-
tice but also as a value-chain and governance issue involving
standards, measurement systems, consumer communication,
and territorial coordination (Rugani and Lamastra 2022; Brito
et al. 2024). Studies of winery sustainability certification similarly
stress that certification can function as a collective reputational
device and as a tool for knowledge diffusion and coordination
among producers, not only as a private production decision
(Ceccacci et al. 2024). In this setting, wineries may adopt envi-
ronmentally friendly vineyard and cellar practices for agronomic,
reputational, or personal reasons without necessarily pursuing
certification. Certification may be attractive when wineries
expect benefits from formal recognition, access to particular
buyers, export opportunities, or differentiation in competitive
markets. It may be less attractive when producers rely on local
reputation, established buyer relationships, direct sales, tourism,
or other informal signals of quality and sustainability.

Recent Central European evidence reinforces the
market-signaling interpretation. A large survey in the DACH
region shows that wine knowledge and environmental awareness
are associated with a higher likelihood of purchasing organic
or sustainably certified wines, while more knowledgeable con-
sumers show greater willingness to pay for such wines (Stockl
et al. 2024). For Hungarian wines, recent evidence on interna-
tional competition awards also suggests that external recognition
can shape price positioning, market access, and international
visibility, especially for regions such as Tokaj, Eger, Villány,
and Szekszrd (Szilágyi and Nagy 2024). Although awards and
organic certification are different forms of recognition, both
illustrate that formal signals can matter in wine markets where
quality, origin, and credibility are difficult for buyers to evaluate
directly. This supports the interpretation of certification as a
formal recognition outcome rather than as a direct measure of
environmental engagement alone.

The Hungarian context also highlights the importance of mar-
ket channels and organizational capabilities. A recent study of
sustainability innovation in the Hungarian wine sector, based
on a survey of wineries across the country’s historical wine
regions, finds that wineries differ more in adaptive, absorptive,
innovation, and cooperation capabilities than in simple demo-
graphic characteristics (Lekics 2023). Evidence from the Mór
wine region likewise emphasizes the continuing importance of

personal sales relationships, the limited effectiveness of online
sales for many wineries, and weaknesses in cooperation among
producers (Kismarjai et al. 2024). These findings are relevant
because they suggest that the value of certification may vary
according to wineries’ capabilities, cooperation networks, and
routes to market. Producers embedded in direct sales, tourism,
or repeated customer relationships may be able to communicate
sustainability informally, whereas producers targeting more
distant or standardized markets may have stronger incentives to
formalize sustainability claims through certification.

This sectoral context complicates standard assumptions about
gendered resource constraints. The broader agricultural liter-
ature often emphasizes women’s lower access to land, capital,
credit, and organizations. These constraints are highly rele-
vant in many agricultural settings, but they may not describe
female-managed wineries in the same way. Female man-
agers in the wine sector may represent a selected group of
decision-makers with access to established land, family assets,
professionalized firms, or market-oriented strategies. Conse-
quently, a finding that female-managed wineries have similar
or even higher average land endowments than male-managed
wineries should not be treated as a contradiction to the broader
literature. Instead, it suggests that gender dynamics in winery
management may differ from gender dynamics in smallholder
agriculture or general farm household settings. In such a context,
gender differences in certification may reflect not only resource
constraints but also selection into management roles, differences
in market positioning, advisory access, family-firm organization,
or unobserved certification strategies.

The sector also makes it important to distinguish between the
breadth of environmental practices and certified organic status.
Recent research on sustainability indicators in wine stresses that
wine-sector sustainability programs often differ in their met-
rics and that many systems still lack an integrated quantitative
framework for assessing and communicating sustainability per-
formance (Rugani and Lamastra 2022). Product Environmental
Footprint evidence from Italian wines further shows that envi-
ronmental performance depends on multiple hotspots, including
vineyard establishment, winery energy use, and packaging,
rather than on the simple presence or absence of individual
practices (Frasnetti et al. 2024). Therefore, a winery may report
several environmentally friendly practices but remain uncerti-
fied because certification costs, documentation requirements, or
expected market returns do not justify formalization. Conversely,
certification may reflect not only environmental engagement but
also strategic positioning in markets where formal recognition
is valuable. The certification–practice relationship is therefore
likely to depend on both internal capabilities and external market
conditions.

This reasoning leads to the central research gap addressed in
this paper. Existing studies show that gender may matter for sus-
tainable practice adoption, but findings are context-dependent
and often weaken after controlling for socioeconomic char-
acteristics. Certification-specific studies identify resources,
organizations, standards, and market incentives as impor-
tant, while recent wine-sector research emphasizes territorial
certification, consumer recognition, sustainability indica-
tors, and market channels. However, this literature rarely
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examines gender-disaggregated certification outcomes in
wineries. Moreover, few studies ask whether similar observed
sustainability profiles translate into certification in the same way
across gender groups.

The present study addresses this gap by examining organic
certification among Hungarian wineries. Rather than assuming
that certification gaps reflect either resource deprivation or gen-
dered barriers, the analysis separates observable compositional
differences from differences in estimated associations between
characteristics and certification. This approach is exploratory
and descriptive. It allows us to assess whether female- and
male-managed wineries differ mainly in their observed sustain-
ability engagement, capabilities, and structural characteristics,
or whether similar observed profiles are associated with different
certification outcomes. The latter pattern would not identify
a specific mechanism, but it would indicate that certification
is shaped by factors not fully captured by observed practice
breadth, managerial orientation, organizational capabilities,
land, education, and firm age.

3 | Data and Methodology

3.1 | Data, Sample, and Variables

The empirical analysis draws on a cross-sectional survey
of Hungarian wineries conducted between June 2022 and
January 2023 as part of a broader research program on
sustainability-oriented innovation in the wine sector. The survey
targeted owner-managers and senior decision-makers, as these
actors are directly involved in strategic decisions concerning
production practices, environmental management, technological
upgrading, market positioning, and certification. The sampling
frame was assembled from official winery registries, regional pro-
ducer associations, industry sources, and professional networks.
The survey covered wineries operating across Hungary’s histor-
ical wine regions and was designed to capture heterogeneity in
winery size, production structure, ownership form, and market
orientation.

The questionnaire was pre-tested with industry experts to
ensure clarity and sectoral relevance. Participation was volun-
tary and responses were anonymized to reduce social desirabil-
ity and self-reporting bias. The full descriptive sample consists
of 234 wineries. After excluding observations with missing val-
ues in the baseline model, the complete-case estimation sam-
ple consists of 233 wineries, of which 41 are female-managed
and 192 are male-managed. Female-managed wineries there-
fore account for approximately 17.6% of the baseline estima-
tion sample. This small subsample is an important limitation
of the empirical analysis and motivates the sensitivity checks
described below.

The dependent variable is a binary indicator equal to one if
the winery held organic certification at the time of the survey
and zero otherwise. Organic certification is defined as compli-
ance with the EU organic regulatory framework. The survey does
not distinguish between specific certifying bodies, but certified
wineries operate under the same general regulatory regime. The
dependent variable therefore captures certified organic status

rather than the intensity, quality, duration, or environmental
effectiveness of organic-compatible practices.

The main explanatory variable of interest is manager gen-
der, coded as one for female-managed wineries and zero for
male-managed wineries. The purpose of the analysis is not to
estimate a causal effect of manager gender. Rather, the aim is to
examine whether differences in organic certification are associ-
ated with differences in observable characteristics or with differ-
ences in the estimated relationship between those characteristics
and certification.

The explanatory variables are organized around four dimen-
sions emphasized in the literature: managerial orientation,
eco-innovation practices, organizational capabilities and gover-
nance, and structural characteristics. The wording of the under-
lying survey items is reported in Table A1.

Managerial orientation captures three aspects of strategic
decision-making that may be relevant for certification: environ-
mental priority, perceived managerial agency, and creativity. The
index is constructed from three five-point Likert-scale survey
items. The first item states that “environmental protection and
the well-being of workers are more important goals than prof-
itability.” The second item states that “how my life goes depends
on me.” The third item states that “I see myself as someone who
is always original and comes up with new ideas.” These items cor-
respond to the variables manager1, manager2, and manager3 in
the survey. Each item is standardized, and the index is calculated
as the row mean of the standardized items. Because the reliability
of this index is modest, it is interpreted as a parsimonious com-
posite of related managerial attributes rather than as a strongly
unidimensional latent construct.

Eco-innovation practices are measured using a count of nine
binary indicators. Each indicator equals one if the winery reports
adopting the relevant environmentally oriented practice and zero
otherwise. The nine practices are: applying informatics in cul-
tivation; introducing integrated cultivation; reducing agrochem-
ical use; reusing stems and branches; applying energy- and
water-saving measures; decreasing greenhouse gas emissions;
utilizing renewable energy; introducing novel green solutions on
plantations; and introducing novel green solutions in cellars. The
resulting variable ranges from zero to nine and measures the
breadth of reported environmental practice adoption. In robust-
ness checks, we also use a normalized practice-share variable,
defined as the practice count divided by nine. This measure cap-
tures the number of practices adopted, but it does not capture
their intensity, duration, quality, compliance with organic stan-
dards, or environmental performance.

Absorptive capacity captures the winery’s ability to recognize,
assimilate, and apply external knowledge. It is measured using
three five-point Likert-scale items: the winery is able to recognize
and understand new external knowledge; the winery is able to
combine newly acquired knowledge with existing knowledge
successfully; and the winery is able to use the newly combined
knowledge for new products and to improve the production pro-
cess. These items correspond to absorb1, absorb2, and absorb3.
The baseline analysis uses the existing absorptive-capacity
variable in the dataset, ABSORB. As a consistency check, we
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reconstructed the index as the row mean of the three standard-
ized items. The reconstructed index is almost perfectly correlated
with the original variable. Reliability and dimensionality checks
support the use of this construct.

Relational governance captures the quality of cooperative and
trust-based relationships that may shape learning, coordination,
and the perceived value of third-party certification. It is con-
structed from three five-point Likert-scale items. The first states
that the winery is able to build good personal relationships with
its business partners. The second states that the winery almost
always solves problems constructively with its partners. The third
states that managers and employees often give feedback to each
other. These items correspond to network1, network2, and net-
work3. Each item is standardized, and the index is calculated as
the row mean of the standardized items. The construct therefore
captures both external relational quality with business partners
and internal feedback routines that support coordination.

Structural controls include land area under cultivation, manager
education, and firm age. Land area, measured in hectares, prox-
ies for scale and the ability to absorb fixed certification costs,
although its distribution is highly skewed. For this reason, robust-
ness checks replace land area with log-transformed land and win-
sorized land. Education is an ordinal measure of the manager’s
formal educational attainment, with higher values denoting
higher education. Firm age measures the number of years since
establishment and captures accumulated organizational experi-
ence with production routines, compliance, and market partici-
pation. Manager age and production volume are excluded from
the baseline specification to avoid redundancy and overfitting, as
they are closely related to firm age and land area, respectively.

We treat land size as an empirical issue rather than as an
assumed gender constraint. The broader agricultural literature
often emphasizes women’s weaker access to land, but this
assumption may not apply directly to female-managed wineries.
Female managers in the wine sector may represent a selected
group of decision-makers operating in relatively established or
commercially oriented firms. The descriptive analysis therefore
reports both mean and median land area by gender, and the
robustness analysis checks whether the results are sensitive to
land transformation or extreme values.

3.2 | Empirical Strategy

The empirical objective is to examine whether the gender dif-
ference in organic certification reflects differences in observ-
able characteristics or differences in the estimated association
between these characteristics and certification. Because the
dependent variable is binary, the baseline model is a logit spec-
ification of the following form:

𝑃
(
bio𝑖 = 1|𝑋𝑖, 𝑔𝑖

)
= 𝐹

(
𝑋𝑖𝛽𝑔

)

where bio𝑖 indicates whether winery 𝑖 holds organic certifica-
tion, 𝑋𝑖 is the vector of explanatory variables, 𝑔𝑖 denotes manager
gender, and 𝐹 (⋅) is the logistic cumulative distribution function.
Probit specifications are estimated as robustness checks.

To decompose the certification gap between female- and
male-managed wineries, we use nonlinear Blinder–Oaxaca
decomposition for binary outcomes. The Blinder–Oaxaca
decomposition was originally developed to analyze wage dif-
ferentials between groups (Blinder 1973; Oaxaca 1973). Later
contributions refined the interpretation of decomposition com-
ponents and the choice of reference structure (Reimers 1983;
Cotton 1988; Neumark 1988; Oaxaca and Ransom 1994), while
Bauer and Sinning (2008) extended the framework to nonlinear
models such as logit and probit.

The decomposition partitions the observed difference in mean
certification probabilities into a component associated with dif-
ferences in observable characteristics and a component associ-
ated with differences in estimated coefficients. In the threefold
version, an additional interaction term captures the joint contri-
bution of differences in characteristics and coefficients. We report
results under alternative reference structures, including Ω = 1,
Ω = 0, and pooled weighting schemes.

Throughout the paper, we refer to the coefficient component as a
coefficient/residual component to avoid implying that it identi-
fies structural barriers, discrimination, or differential treatment.
This terminology is important. In a cross-sectional decomposi-
tion, the coefficient component captures differences in estimated
associations between covariates and certification. It may reflect
omitted variables, measurement error, unobserved preferences,
market positioning, family-firm selection, advisory access,
certification-process differences, or other unmeasured factors.
It should therefore not be interpreted as evidence of discrimi-
nation, unequal treatment, institutional barriers, or any specific
certification-process mechanism unless such mechanisms are
directly measured.

Inference for the nonlinear decomposition is based on boot-
strap standard errors with 2000 replications. Bootstrapping is
used because decomposition components are nonlinear func-
tions of estimated parameters. However, the small number of
female-managed wineries means that inference should still be
interpreted cautiously. Bootstrap inference can quantify sam-
pling uncertainty, but it cannot fully eliminate concerns related
to small-sample instability, sparse group-specific estimation, or
omitted-variable bias.

3.3 | Sensitivity Checks

Several sensitivity checks are conducted to address the main
methodological concerns.

First, we assess functional-form sensitivity by estimating logit,
probit, and linear probability models. In addition to the nonlinear
decomposition, we estimate a linear Oaxaca–Blinder decomposi-
tion as a transparent robustness check. Although the linear prob-
ability model is less appropriate for bounded binary outcomes,
it provides a useful comparison because it is less dependent on
nonlinear functional-form assumptions.

Second, we examine whether the results are sensitive
to the construction of key covariates. For the three
composite constructs—managerial orientation, absorptive
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capacity, and relational governance—we report item counts,
Cronbach’s alpha, principal-component eigenvalues, and fac-
tor loadings. We also reestimate the decomposition using
first-principal-component scores instead of row-mean indices.
This check is particularly important because measurement
error in the indices could contribute to the coefficient/residual
component.

Third, we assess the role of land size. Because land is
highly skewed and female-managed wineries do not appear
land-disadvantaged in the sample, we report mean, median,
interquartile range, and nonparametric comparisons by gender.
We also reestimate the baseline models using log-transformed
land and winsorized land.

Fourth, we address the small female subsample by estimating
gender-specific regressions only as descriptive diagnostics. Stan-
dard group-specific logit models are complemented by penalized
logit estimates where feasible, and leave-one-female-out diagnos-
tics are used to assess whether the female-specific estimates are
driven by individual observations. These checks are not intended
to establish stable gender-specific mechanisms; rather, they indi-
cate how sensitive the descriptive patterns are to sparse subgroup
estimation.

Fifth, we examine covariate overlap between female- and
male-managed wineries. A propensity-score overlap check is esti-
mated using the baseline covariates to predict female manage-
ment. This diagnostic assesses whether the decomposition com-
pares wineries with broadly similar observed characteristics or
whether the results are driven by lack of common support.

Finally, we examine the certification–practice relation-
ship descriptively by comparing certification rates across
green-practice tertiles by gender. This check helps assess
whether the certification gap is concentrated only among
wineries with low or high practice breadth. Because the prac-
tice count is self-reported and measures breadth rather than
intensity or environmental performance, these results are inter-
preted as descriptive evidence on the relationship between
reported practices and certification, not as evidence on actual
environmental outcomes.

In sum, the empirical strategy is designed to distinguish observed
compositional differences from residual differences in certifi-
cation associations, while explicitly recognizing the limits of
cross-sectional data, small subgroup size, and imperfect measure-
ment. The analysis is therefore descriptive and exploratory. It
identifies whether observable sustainability engagement, capa-
bilities, governance, and structural characteristics account for
the gender difference in organic certification, but it does not
identify the causal mechanisms behind any remaining coeffi-
cient/residual component.

4 | Results

4.1 | Descriptive Patterns and Raw Gender
Differences

Table 1 reports descriptive statistics for the main variables used in
the baseline analysis, separately for male- and female-managed
wineries. The complete-case estimation sample consists of 233
wineries: 192 male-managed and 41 female-managed winer-
ies. One male-managed winery from the full survey sample is
excluded from the baseline models because of missing covariate
information.

Two patterns are central. First, female- and male-managed winer-
ies are broadly similar across most sustainability-related and
organizational characteristics. Mean differences in managerial
orientation, the number of green practices adopted, relational
governance quality, absorptive capacity, education, and firm age
are small and statistically insignificant. The average number of
green practices adopted is almost identical across groups: 5.28
among male-managed wineries and 5.15 among female-managed
wineries. This suggests that female-managed wineries do not
have higher certification rates simply because they report a
greater breadth of environmental practice adoption.

Second, organic certification differs substantially by manager
gender. Female-managed wineries have a certification rate of
46.3%, compared with 29.2% among male-managed wineries. The
raw female–male difference is therefore 17.2 percentage points

TABLE 1 | Descriptive statistics by manager gender.

Gender
Male Female Total t test (p)

N 192 (82.5%) 41 (17.5%) 234 (100.0%)
Organic certificate 0.295 (0.457) 0.463 (0.505) 0.325 (0.469) 0.037
Managerial orientation (env priority,
agency, creativity)

−0.011 (0.729) 0.053 (0.622) 0.000 (0.710) 0.602

Number of green practices adopted (0–9) 5.290 (2.462) 5.146 (2.308) 5.265 (2.432) 0.732
Relational governance quality (trust,
problem solving, feedback)

−0.001 (0.779) 0.004 (0.910) −0.000 (0.801) 0.972

Absorptive capacity (standardized) 0.035 (0.976) −0.163 (1.104) −0.000 (1.000) 0.253
Land (ha) 21.148 (41.350) 34.078 (65.235) 23.414 (46.516) 0.106
Education (1–4) 2.736 (1.035) 2.805 (1.209) 2.748 (1.065) 0.707
Firm age (years) 19.562 (10.441) 22.854 (9.342) 20.142 (10.314) 0.064

Note: Managerial orientation, relational governance, and absorptive capacity are standardized indices.
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FIGURE 1 | Boxplot of log land area by manager gender.

and is statistically significant at conventional levels. This gap
motivates the decomposition analysis below.

A further descriptive finding concerns land endowment. Con-
trary to the pattern often emphasized in the broader agricultural
gender literature, female-managed wineries in this sample do not
appear land-constrained. Their mean land area is higher than
that of male-managed wineries, although the mean comparison
is affected by the skewed distribution of land. The median dif-
ference is also notable: female-managed wineries have a median
land area of 14 ha, compared with 8 ha among male-managed
wineries. The Wilcoxon rank-sum test for land is statistically sig-
nificant (p= 0.037), and the difference in log land area is also
significant (p= 0.038). Figure 1 illustrates this distributional dif-
ference using log-transformed land.

This pattern is important for interpretation. It suggests that
female managers in the Hungarian wine sector may repre-
sent a selected group of decision-makers operating in rel-
atively established or commercially oriented wineries. The
results should therefore not be interpreted through a conven-
tional land-resource deprivation lens. Instead, the analysis asks
whether observed sustainability engagement, capabilities, gover-
nance, and structural characteristics account for the certification
difference.

Because the analysis relies on three composite indices, we exam-
ined whether the results are sensitive to the construction of
these measures. Table A2 reports item counts, Cronbach’s alpha,
first-principal-component eigenvalues, explained variance, and
first-component loadings for managerial orientation, absorptive
capacity, and relational governance; the corresponding scree
plots are shown in Figure A1. The diagnostics support the use
of absorptive capacity and relational governance as internally
consistent constructs. Absorptive capacity has strong internal
consistency, with Cronbach’s alpha of 0.818, and its first prin-
cipal component explains 73.5% of the variance. Relational
governance also shows acceptable internal consistency, with
Cronbach’s alpha of 0.721, and its first principal component
explains 64.5% of the variance.

Managerial orientation is weaker psychometrically. Its
Cronbach’s alpha is 0.509, and the first principal component
explains 50.5% of the variance. This suggests that the three items
capture related but not fully interchangeable aspects of manage-
rial orientation: environmental priority, managerial agency, and
creativity. For this reason, the index should be interpreted as a
parsimonious composite of related managerial attributes rather
than as a strongly unidimensional latent scale.

To assess whether measurement construction affects the decom-
position results, we reestimated the nonlinear decomposition
using first-principal-component scores instead of row-mean
indices for the three composite constructs. The results are sub-
stantively unchanged. The raw certification gap remains 0.172,
the explained component remains close to zero and statistically
insignificant, and the coefficient/residual component remains
positive and statistically significant. This indicates that the main
decomposition result is not driven by the use of row-mean indices
rather than principal-component scores. The PC1-based decom-
position results are reported in Table A3.

4.2 | Adjusted Gender Differences
in Certification

Before turning to the decomposition, Table 2 reports pooled
binary-response models of organic certification. These models
are descriptive and should not be interpreted causally. They
assess whether the female certification advantage remains after
controlling for managerial orientation, green-practice breadth,
relational governance, absorptive capacity, land, education, and
firm age.

The adjusted gender difference remains stable across model spec-
ifications. In the baseline logit model, the average marginal effect
of female management is 0.182 (p= 0.013). The corresponding
probit estimate is 0.180 (p= 0.013), and the linear probability
model estimate is 0.185 (p= 0.016). Thus, after adjustment for the
observed covariates, female-managed wineries are approximately
18 percentage points more likely to hold organic certification.
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TABLE 2 | Adjusted gender differences in organic certification.

Specification
Predicted

Pr(certified), male
Predicted

Pr(certified), female
Female–male

difference p

Logit AME 0.290 0.471 0.182 0.013
Probit AME 0.290 0.470 0.180 0.013
Linear probability model 0.289 0.474 0.185 0.016

Note: All models control for managerial orientation, green-practice count, relational governance, absorptive capacity, land, education, and firm age. Robust standard errors
are used in the pooled models.

TABLE 3 | Nonlinear Blinder–Oaxaca decomposition of organic
certification.

Component Coefficient Std. error p

Raw gap 0.172 0.087 0.049
Explained/characteristics,
Ω = 1

−0.002 0.042 0.963

Coefficient/residual, Ω = 1 0.207 0.093 0.027
Interaction, Ω = 1 −0.033 0.072 0.649

Note: Gender= 1 denotes female-managed wineries and gender= 0 male-managed wineries. The
raw gap is computed as female minus male. Bootstrap standard errors are based on 2000
replications.

The covariate patterns are also consistent across models.
Managerial orientation, green-practice breadth, and absorptive
capacity are positively associated with certification, while rela-
tional governance is negatively associated with certification.
Land, education, and firm age are not statistically significant in
the pooled models. The negative association of relational gover-
nance is consistent with the possibility that trust-based relation-
ships may partly substitute for third-party certification in some
market settings, although this interpretation remains descriptive
and cannot be tested directly with the present data.

4.3 | Nonlinear Blinder–Oaxaca Decomposition

Table 3 reports the nonlinear Blinder–Oaxaca decomposition
of the female–male certification gap using a logit model. The
decomposition separates the raw difference in certification prob-
abilities into a component associated with observable character-
istics and a coefficient/residual component associated with dif-
ferences in estimated coefficients.

The raw certification gap is 0.172 and statistically significant
(p= 0.049). The explained component is close to zero and sta-
tistically insignificant. Under the Ω = 1 reference structure, the
characteristics component is −0.002 (p= 0.963). Under the alter-
native Ω = 0 reference structure, it is −0.035 (p= 0.658). Thus,
observable differences in managerial orientation, green-practice
breadth, relational governance, absorptive capacity, land, edu-
cation, and firm age account for little of the observed certifica-
tion gap.

By contrast, the coefficient/residual component is positive and
statistically significant. UnderΩ = 1, it is 0.207 (p= 0.027); under
Ω = 0, it is 0.174 (p= 0.037). The interaction component in the
threefold decomposition is small and statistically insignificant.
These results indicate that the observed certification difference is
not driven primarily by compositional differences in the included
covariates.

This decomposition result should be read as a descriptive par-
tition of the observed certification gap. The coefficient/residual
component does not show why the remaining difference arises
and should not be interpreted as direct evidence of discrimina-
tion, institutional barriers, unequal treatment, or any specific
certification-process mechanism. Rather, it captures differences
in estimated associations that may reflect omitted covariates,
measurement error, unobserved certification histories, advisory
contacts, buyer channels, inspection experiences, family-firm
selection, market positioning, or other unmeasured factors. The
decomposition therefore narrows the empirical question: the
observed sustainability engagement, capabilities, governance,
and structural characteristics included in the model do not
account for the certification gap, but the analysis does not identify
the causal mechanism behind the remaining difference.

4.4 | Group-Specific Regressions
and Small-Sample Diagnostics

Table 4 reports gender-specific logit estimates. These models are
included only as descriptive diagnostics because the female sub-
sample is small. The standard logit estimates show similar signs
across gender groups. Managerial orientation and green-practice
breadth are positively associated with certification, while rela-
tional governance is negatively associated with certification.
Absorptive capacity is positive in both groups, though impre-
cisely estimated in the female subsample.

The female-specific point estimates are generally larger in mag-
nitude than the male-specific estimates, but they are also much
less precisely estimated. For example, the female-specific coeffi-
cient for green-practice count is 0.485 in the standard logit model,
compared with 0.358 among male-managed wineries. However,
the female estimate is based on only 41 observations.

Penalized/Firth logit estimates attenuate the female-specific
coefficients. In the female subsample, the Firth estimates are
0.930 for managerial orientation, 0.366 for green-practice count,
−0.854 for relational governance, and 0.849 for absorptive capac-
ity. Among these, green-practice count is only marginally signif-
icant (p= 0.079), while the other estimates are not statistically
significant. This reinforces the need to avoid strong claims about
gender-specific mechanisms.

Leave-one-female-out diagnostics provide additional reassurance
but also confirm small-sample sensitivity. All 41 leave-one-out
female models converged. The green-practice coefficient is rel-
atively stable across these models, ranging from approximately
0.40 to 0.63. Managerial orientation remains positive, relational
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TABLE 4 | Group-specific certification models.

Variable Male logit Female logit Male Firth logit Female Firth logit

Managerial orientation 0.760** 1.258* 0.718** 0.930
Green-practice count 0.358*** 0.485** 0.338*** 0.366*
Relational governance −0.750*** −1.153* −0.709** −0.854
Absorptive capacity 0.415* 1.144 0.391* 0.849
Land 0.002 −0.009 0.002 −0.006
Education 0.115 0.040 0.106 0.056
Firm age 0.004 −0.004 0.003 −0.002
Observations 192 41 192 41

Note: Entries are coefficients. Significance levels: ***p< 0.01, **p< 0.05, *p< 0.10. Group-specific models are descriptive and should not be interpreted as stable estimates of
gender-specific mechanisms.

TABLE 5 | Robustness checks for decomposition results.

Specification Raw gap Explained/characteristics Coefficient/residual Interaction

Baseline logit 0.172** −0.002 0.207** −0.033
Probit 0.173** −0.004 0.208** −0.031
Log land 0.172** −0.001 0.194** −0.022
Winsorized land 0.172* −0.001 0.199** −0.026
Practice share 0.172** −0.002 0.207** −0.033
PC1 indices 0.172** −0.003 0.206** −0.031
LPM Oaxaca-style 0.172** −0.007 0.179** —

Note: Entries are decomposition components. Bootstrap standard errors are based on 2000 replications. For nonlinear decompositions, the table reports the Ω = 1 reference
structure. The LPM decomposition uses a pooled-coefficient reference. Significance levels: **p< 0.05, *p< 0.10.

governance remains negative, and absorptive capacity remains
positive in the leave-one-out estimates, but the magnitudes vary
across omitted observations. These diagnostics support the broad
descriptive pattern but also confirm that the female-specific
regressions should be interpreted cautiously.

4.5 | Robustness Checks

Table 5 summarizes robustness checks for the decomposition
results. The baseline conclusion is stable across alternative
link functions, land transformations, measurement choices, and
decomposition approaches.

The probit decomposition yields almost identical results to
the logit decomposition. The raw gap is 0.173 (p= 0.036), the
explained component remains close to zero and insignificant, and
the coefficient/residual component remains positive and signifi-
cant. Replacing land with log-transformed land produces a coef-
ficient/residual component of 0.194 (p= 0.041), while using win-
sorized land gives 0.199 (p= 0.033). The result is also unchanged
when the green-practice count is replaced by the normalized
practice-share variable.

Measurement robustness checks using first-principal-
component scores instead of row-mean indices also support
the baseline conclusion. The coefficient/residual component
remains positive and statistically significant, while the explained
component remains insignificant. Finally, a linear probability

Oaxaca-style decomposition gives the same substantive result:
the total gap is 0.172 (p= 0.044), the explained component is
−0.007 (p= 0.852), and the unexplained/residual component is
0.179 (p= 0.013).

A common-support diagnostic further indicates that the decom-
position is not driven by a lack of covariate overlap. A logit
model predicting female management from the baseline covari-
ates has low explanatory power (pseudo 𝑅2 = 0.034; Wald
p= 0.384). Only six observations fall outside the common sup-
port region of the predicted probability of female management:
five male-managed wineries and one female-managed winery.
Figure A2 shows the overlap in predicted female-management
probabilities by gender.

4.6 | Certification and Green-Practice Breadth

The final descriptive check examines whether the certification
gap is concentrated at particular levels of green-practice breadth,
as reported in Table 6. Certification rates increase with the num-
ber of green practices adopted for both gender groups. However,
within each green-practice tertile, female-managed wineries have
higher certification rates than male-managed wineries.

This pattern is consistent with the main result that observed
practice breadth does not fully account for certification differ-
ences. However, it should be interpreted descriptively because the
female cell counts are small.
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Figure 2 plots predicted certification probabilities by
green-practice count and gender. Certification probabil-
ity increases with green-practice breadth for both groups.
Female-managed wineries have higher predicted certification
probabilities across the practice-count range, although con-
fidence intervals are wide, especially at low practice counts.
Importantly, the gender-by-practice-count interaction is not
statistically significant (p= 0.983). Thus, the evidence does not
indicate that the marginal association between practice breadth
and certification differs by gender. Rather, the pattern is closer
to a level difference: female-managed wineries have higher
predicted certification probabilities at similar levels of reported
practice breadth.

Overall, the results are consistent with the “same prac-
tices, different outcomes” framing in a descriptive sense.
Female- and male-managed wineries report similar levels of
sustainability-oriented practices and capabilities in the observed
survey measures, while female-managed wineries are more likely
to hold organic certification. The decomposition and robustness
checks show that this difference is not accounted for by the
observed covariates included in the analysis. At the same time,
the residual nature of the coefficient component, the small female
subsample, and the self-reported nature of the practice measure
mean that the findings should be interpreted as evidence of an
unexplained certification-pattern difference rather than as evi-
dence of a specific institutional or causal mechanism.

TABLE 6 | Certification rates by green-practice breadth tertile and
gender.

Green-practice
tertile Male-managed Female-managed

Low 0.137 0.333
Medium 0.281 0.385
High 0.484 0.692

5 | Discussion and Policy Implications

This study examined whether the observed gender difference in
organic certification among Hungarian wineries is accounted for
by observable sustainability engagement, organizational capa-
bilities, and structural characteristics. The results show a clear
descriptive pattern. Female-managed wineries are more likely to
hold organic certification than male-managed wineries, while
the two groups are broadly similar in the survey-based mea-
sures of green-practice breadth, managerial orientation, absorp-
tive capacity, relational governance, education, and firm age.
The nonlinear decomposition shows that the observed covari-
ates explain little of the certification gap. The remaining dif-
ference is concentrated in the coefficient/residual component,
which should be interpreted as a reduced-form residual differ-
ence rather than as evidence of a specific institutional, structural,
or causal mechanism.

This finding contributes to the literature by reinforcing the dis-
tinction between sustainable practice adoption and formal certi-
fication. Prior research shows that organic and sustainable tech-
nology adoption are shaped by resources, institutional condi-
tions, market incentives, and organizational participation (Sap-
bamrer and Thammachai 2021; Karipidis and Karypidou 2021;
Rizzo et al. 2024; Ruzzante et al. 2021; Ume et al. 2023). Cer-
tification, however, is not simply the final stage of practice
adoption. It also requires documentation, inspection, compli-
ance routines, and an expectation that formal recognition will
generate sufficient market or reputational benefits. Studies of
agricultural certification similarly emphasize the importance of
farmer organizations, cooperatives, advisory support, and mar-
ket access in facilitating certification (Kuan et al. 2021; Dong
and Liang 2023). Our results are consistent with this broader
view: observed practice breadth and managerial capabilities are
associated with certification, but they do not fully account for
certified status.

FIGURE 2 | Predicted certification by practice breadth and gender.
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At the same time, the coefficient/residual component should
be interpreted cautiously. Following the decomposition litera-
ture, this component captures differences in estimated asso-
ciations rather than identified causal mechanisms (Oaxaca
and Ransom 1994; Bauer and Sinning 2008). It may reflect
omitted variables, measurement error, unobserved managerial
strategies, family-firm selection, market positioning, advisory
relationships, certification histories, or other unmeasured fac-
tors. The decomposition therefore documents an unexplained
certification-pattern difference rather than providing direct evi-
dence of discrimination, unequal treatment, institutional barri-
ers, or any specific certification-process mechanism. This dis-
tinction is important because the cross-sectional design cannot
determine whether the observed certification gap reflects differ-
ent incentives, market channels, organizational histories, advi-
sory access, certification timing, or unobserved preferences and
strategies.

The land results are especially important for interpretation. Much
of the broader agricultural gender literature emphasizes women’s
weaker access to land, credit, training, and productive resources
as constraints on technology adoption and certification (Ruz-
zante et al. 2021; Ume et al. 2023; Tufa et al. 2022; Awoke
et al. 2025). However, this pattern does not characterize the
wineries in our sample. Female-managed wineries have higher
median land area than male-managed wineries, and nonpara-
metric as well as log-land comparisons indicate a statistically
significant distributional difference. This suggests that female
managers in the Hungarian wine sector may represent a selected
group of decision-makers operating in relatively established
or commercially oriented wineries. Consequently, the results
should not be read through a conventional resource-deprivation
lens. Rather than showing that women certify more despite
weaker land endowments, the evidence suggests that gender
dynamics in this sector may be shaped by selection into win-
ery management and by sector-specific market or organizational
conditions.

The robustness checks reinforce the descriptive pattern but also
the need for caution. The adjusted female certification advan-
tage remains similar across logit, probit, and linear probabil-
ity specifications. The decomposition results are also stable
when land is log-transformed or winsorized, when green-practice
count is replaced by a normalized practice-share measure, and
when principal-component scores are used instead of row-mean
indices. A linear Oaxaca-style decomposition leads to the same
substantive conclusion: the explained component remains small
and statistically insignificant, while the coefficient/residual com-
ponent accounts for most of the gap. These checks reduce the con-
cern that the main result is an artifact of the nonlinear decompo-
sition, land outliers, or the construction of the composite indices.

Nevertheless, the small number of female-managed wineries
remains an important limitation. Gender-specific logit estimates
show broadly similar signs across groups: managerial orientation,
green-practice breadth, and absorptive capacity are positively
associated with certification, while relational governance is nega-
tively associated with certification. However, the female-specific
estimates are imprecise and sensitive to small-sample estimation.
Penalized logit estimates attenuate several female-specific coef-
ficients, and leave-one-female-out diagnostics show that some

estimates vary across omitted observations. For this reason, the
group-specific regressions should be interpreted as descriptive
diagnostics rather than as evidence of stable gender-specific
mechanisms.

The practice-breadth results help clarify what the paper can
and cannot say about certification as a sustainability indica-
tor. Certification rates increase with the number of green prac-
tices adopted for both female- and male-managed wineries.
Within each practice-breadth tertile, however, female-managed
wineries display higher certification rates. Predicted certifica-
tion probabilities show a similar pattern: female-managed winer-
ies have higher predicted certification probabilities across the
practice-count range. Yet the gender-by-practice interaction is
not statistically significant, indicating that the marginal associ-
ation between practice breadth and certification does not clearly
differ by gender. The pattern is better understood as a level dif-
ference in certification probability among wineries with similar
observed practice breadth.

This supports the paper’s central argument in a limited but
important sense. Organic certification should not be treated as
a simple proxy for the number of sustainability-oriented prac-
tices reported by producers. Wineries with similar observed prac-
tice breadth may differ in certified status. However, this does
not mean that certified and non-certified wineries are equally
sustainable in environmental terms. The practice-count mea-
sure captures the breadth of self-reported practices, not their
intensity, duration, quality, compliance, or environmental perfor-
mance. This qualification is important because studies of organic
adoption and certification emphasize that the costs, procedures,
and perceived benefits of certification can lead producers to
adopt organic-compatible practices without formal certification
(Łuczka and Kalinowski 2020; Ningrum and Subroto 2023). Our
results therefore show a divergence between reported practice
breadth and formal certification, but they do not directly mea-
sure a divergence between actual environmental performance
and certification.

Several possible explanations are consistent with the findings
and should be treated as hypotheses for future research. First,
certification may be linked to market positioning. Wineries sell-
ing into export markets, specialized retail channels, or buyer
segments where third-party verification is valuable may have
stronger incentives to certify than wineries relying on local rep-
utation, direct sales, tourism, or repeated buyer relationships.
This interpretation is consistent with the broader certification lit-
erature, which emphasizes that certification can function as a
market signal and may be more valuable when buyers cannot
directly observe production practices or quality attributes (Kuan
et al. 2021; Dong and Liang 2023; Meemken and Qaim 2018).

Second, female-managed wineries may be selected into manage-
ment within particular types of family firms or commercially ori-
ented wineries. This would be consistent with the land results and
with the broader finding that gender effects in sustainable tech-
nology adoption often depend on local institutional and socioe-
conomic conditions rather than reflecting fixed preference differ-
ences (Sapbamrer and Thammachai 2021; Rizzo et al. 2024; Fertő
and Bojnec 2025). In this interpretation, female management in
the Hungarian wine sector may capture a specific managerial and
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organizational position rather than a general gender disadvan-
tage or advantage.

Third, advisory support, producer networks, and prior experience
with regulatory or quality schemes may affect whether reported
environmental practices are formalized through certification.
Research on adoption highlights the role of information, peer
influence, perceived norms, and local institutional arrangements
(Tran-Nam and Tiet 2022; Xia et al. 2023; Tennhardt et al. 2025).
Studies of gender and technology adoption similarly show that
access to extension, networks, and organizational channels can
condition whether producers adopt new practices or standards
(Lambrecht et al. 2016; BenYishay et al. 2020; Mishra et al. 2020;
Rola-Rubzen et al. 2020; Voss et al. 2021). The present data do
not observe these processes in sufficient detail, but the residual
nature of the certification gap suggests that future work should
examine them directly.

Fourth, time and labor constraints may shape the transition
from practice adoption to certification. Prior research shows
that organic and climate-smart practices can increase labor
requirements and that additional labor burdens may fall dis-
proportionately on women (Daadi and Latacz-Lohmann 2021;
Awoke et al. 2025). Certification may add further administra-
tive work through recordkeeping, inspections, and compliance
routines. However, because the present survey does not measure
household labor allocation, time use, care responsibilities, or
certification-related administrative costs, labor-burden expla-
nations remain plausible hypotheses rather than findings
established by this study.

The negative association between relational governance and cer-
tification also deserves a cautious interpretation. One possible
explanation is substitution: where wineries rely on trust-based,
long-term relationships, third-party certification may add less
value because quality and sustainability attributes are commu-
nicated through repeated interaction. Another possibility is mar-
ket segmentation: certification may be more valuable in less
relational, more standardized, or more distant market channels.
Prior studies of technology adoption and certification suggest that
social relations, peer influence, and local institutional arrange-
ments can shape adoption decisions (Tran-Nam and Tiet 2022;
Tennhardt et al. 2025), but the current data do not directly observe
buyer composition, export orientation, or the contractual envi-
ronment in sufficient detail to separate these mechanisms. The
relational governance result should therefore be interpreted as
suggestive of market-channel heterogeneity rather than as evi-
dence that informal relationships reduce the need for certifica-
tion in all cases.

The policy implications are therefore best framed around certi-
fication translation rather than gender-specific treatment. The
results do not show that certification institutions treat female-
and male-managed wineries differently. Nor do they show that
certification barriers are gendered in a direct sense. They sug-
gest, more modestly, that observed sustainability-oriented prac-
tices and capabilities are not sufficient to explain certification
status. Policy and sectoral support should therefore focus not
only on encouraging practice adoption, but also on the process
through which practices are documented, verified, maintained,
and connected to market opportunities. This interpretation is

consistent with prior research showing that certification and
sustainable technology adoption are shaped by organizational
participation, extension services, institutional support, and mar-
ket access (Kuan et al. 2021; Dong and Liang 2023; Ruzzante
et al. 2021; Ume et al. 2023).

First, advisory support systems could introduce certification-
readiness audits for wineries that already report multiple organic-
compatible or sustainability-oriented practices but remain uncer-
tified. Such audits could identify whether the main obstacles
concern documentation, input records, vineyard-management
routines, inspection preparedness, certification costs, or uncer-
tainty about market benefits. This would allow advisory services
to distinguish between producers who have not adopted relevant
practices and producers who may already be close to certification
but face procedural or informational frictions.

Second, certification-process support could reduce avoidable
administrative burdens without weakening certification stan-
dards. Certifiers, producer organizations, and regional wine asso-
ciations could develop standardized documentation templates,
digital recordkeeping tools, group-based training sessions, and
checklists for inspection preparation. These tools would be espe-
cially relevant for smaller wineries or wineries without dedicated
administrative staff, for whom the fixed time costs of certification
may be high relative to expected benefits.

Third, institutional design should connect certification support
to market-channel strategies. Certification may be more valuable
for wineries selling through export markets, specialized retail-
ers, intermediaries, or buyer segments where third-party verifica-
tion is important. By contrast, wineries relying mainly on direct
sales, tourism, local reputation, or repeated buyer relationships
may perceive lower marginal benefits from formal certification.
This is particularly relevant in wine markets, where sustainability
attributes may be communicated through both formal certifica-
tion and reputation-based relationships, and where formal recog-
nition can support market signaling and differentiation (Rugani
and Lamastra 2022; Brito et al. 2024; Ceccacci et al. 2024; Stockl
et al. 2024).

Fourth, monitoring systems should distinguish among practice
adoption, conversion status, certified status, certification main-
tenance, and environmental outcomes. Counting certified pro-
ducers or certified hectares is useful, but it misses producers
who adopt several sustainability-oriented practices without for-
mal recognition. More informative monitoring would combine
survey data with certification records, inspection histories, advi-
sory contacts, certification costs, buyer-channel information, and
externally validated indicators of environmental performance.
Such data would allow future studies to distinguish among the
possible mechanisms suggested by this paper but not directly
identified by it.

Overall, the findings suggest that expanding organic certifica-
tion requires attention to more than environmental motivation
or practice adoption. Certification is a formal recognition out-
come shaped by administrative processes, organizational capa-
bilities, market incentives, and unobserved managerial strate-
gies. In the Hungarian wine sector, female-managed wineries are
more likely to be certified, but the observed covariates included
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in the analysis do not account for this difference. The result is
robust descriptively, but its interpretation remains bounded: the
study identifies an unexplained certification-pattern difference
and points to mechanisms that future research should test with
longitudinal, process-level, and market-channel data.

6 | Conclusion

This paper examined whether gender differences in organic
certification among Hungarian wineries reflect differences in
observed sustainability engagement, capabilities, and struc-
tural characteristics, or whether similar observed profiles are
associated with different certification outcomes. Using a 2022
survey of Hungarian wineries and nonlinear Blinder–Oaxaca
decomposition for binary outcomes, the analysis separated
the female–male certification gap into a component associ-
ated with observable characteristics and a coefficient/residual
component.

The results show that female-managed wineries are more likely
to hold organic certification than male-managed wineries. This
difference is not explained by observed differences in manage-
rial orientation, green-practice breadth, absorptive capacity,
relational governance, land, education, or firm age. Across the
baseline and robustness specifications, the explained component
remains small and statistically insignificant, while the coeffi-
cient/residual component accounts for most of the observed
gap. Linear probability, probit, log-land, winsorized-land,
practice-share, and principal-component specifications lead
to the same substantive conclusion.

The analysis also qualifies how this result should be interpreted.
Female-managed wineries in this sample do not appear to be
land-disadvantaged; instead, they have higher median land area
than male-managed wineries. This suggests that female manage-
ment in the Hungarian wine sector may reflect a selected man-
agerial group rather than the conventional resource constraints
often emphasized in the broader agricultural gender literature.
In addition, certification rates rise with green-practice breadth
for both gender groups, but female-managed wineries display
higher certification rates at comparable levels of reported prac-
tice breadth. This pattern supports the descriptive “same prac-
tices, different outcomes” framing, while also showing that the
practice-count measure should not be treated as a direct indicator
of environmental performance.

The contribution of the paper is therefore empirical and con-
ceptual, but deliberately bounded. Empirically, it documents a
robust gender difference in certified organic status that is not
accounted for by the observed covariates available in the sur-
vey. Conceptually, it highlights the importance of distinguishing
reported sustainability-oriented practices from formal certifica-
tion. Certification is a regulated status that may reflect docu-
mentation, market positioning, advisory support, organizational
history, and other unobserved factors in addition to practice
adoption.

Several limitations define the boundary conditions of the
study. First, the data are cross-sectional and do not identify

causal mechanisms. The analysis cannot determine whether
the observed certification gap reflects entry into certification,
timing of conversion, persistence in certified status, advisory
support, market-channel differences, or unobserved managerial
strategies. In line with the decomposition literature, the coeffi-
cient/residual component should therefore not be interpreted as
evidence of discrimination, institutional barriers, unequal treat-
ment, or any specific certification-process mechanism unless
such mechanisms are directly measured (Oaxaca and Ran-
som 1994; Bauer and Sinning 2008). It is a reduced-form resid-
ual component that may reflect omitted variables, measurement
error, sample selection, differences in unobserved preferences, or
unmeasured certification histories.

Second, external validity is limited by the single-sector and
single-country setting. The Hungarian wine sector is a high-value
agri-food context in which organic certification interacts with
local reputation, tourism, direct sales, regional identity, and
market signaling. This sectoral specificity matters because prior
studies show that organic and sustainable adoption processes
are strongly shaped by institutional context, farm structure,
market incentives, extension services, and organizational par-
ticipation (Sapbamrer and Thammachai 2021; Karipidis and
Karypidou 2021; Rizzo et al. 2024; Ruzzante et al. 2021; Ume
et al. 2023). The findings may therefore generalize most plau-
sibly to agri-food sectors where certification serves as a formal
market signal and where producers can also communicate
sustainability through informal or relational channels. They
may generalize less directly to standardized commodity sectors,
contexts with stronger cooperative certification infrastructures,
or countries with substantially different organic certification
systems.

Third, the measurement of sustainability engagement remains
imperfect. The green-practice count captures the breadth of
self-reported practices, but not their intensity, duration, qual-
ity, compliance with organic standards, or environmental per-
formance. This limitation is particularly important because
wine-sector sustainability research emphasizes that environmen-
tal performance depends on multiple production, processing,
packaging, and governance dimensions, and cannot be inferred
from simple practice counts alone (Rugani and Lamastra 2022;
Brito et al. 2024; Frasnetti et al. 2024). The composite measures,
especially managerial orientation, are also imperfect proxies
for broader managerial characteristics. Future research should
therefore complement survey-based indicators with objective
or externally validated measures, such as certification records,
inspection histories, input-use data, vineyard-management logs,
audited environmental indicators, or environmental perfor-
mance metrics.

Fourth, omitted variables remain a central concern. The sur-
vey does not observe certification histories, prior conversion
attempts, advisory contacts, inspection experiences, certification
costs, buyer composition, export orientation, family-firm roles, or
expectations about price premia in sufficient detail. These omit-
ted factors are theoretically important because previous stud-
ies emphasize the role of organizations, advisory channels, local
institutions, peer effects, and market access in shaping certifi-
cation and sustainable technology adoption (Kuan et al. 2021;
Dong and Liang 2023; Tran-Nam and Tiet 2022; Xia et al. 2023;
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Tennhardt et al. 2025). Longitudinal data, process-based case
studies, and mixed-method interviews with managers, certifiers,
advisors, and producer organizations would help distinguish
among these possible channels.

Fifth, statistical power is constrained by the relatively small num-
ber of female-managed wineries. Although the main descriptive
pattern is robust across several specifications, the female subsam-
ple limits the precision of group-specific estimates and increases
the risk that nonlinear decomposition components are sensi-
tive to sparse data. This limitation is especially relevant because
gender differences in sustainable agricultural adoption often
vary across technologies, institutional contexts, and resource
environments rather than reflecting stable or universal gender
effects (Sapbamrer and Thammachai 2021; Rizzo et al. 2024;
Awoke et al. 2025). The findings should therefore be interpreted
as exploratory evidence of an unexplained certification-pattern
difference rather than as precise estimates of gender-specific
mechanisms.

Future research should move beyond cross-sectional certification
status by collecting longitudinal and process-level data on con-
version histories, application decisions, inspection experiences,
certification costs, advisory contacts, buyer channels, recertifi-
cation decisions, and exits from certification. Longitudinal data
would help distinguish whether gender differences arise from
entry into certification, timing of conversion, persistence in certi-
fied status, or market-specific incentives. More detailed and exter-
nally validated environmental and management data would also
help clarify how formal certification relates to the actual intensity,
quality, compliance status, and environmental effects of sustain-
ability practices.

Overall, the findings show that gender differences in organic
certification cannot be inferred simply from observed differ-
ences in practice adoption or resource endowments. In the
Hungarian wine sector, female-managed wineries are more
likely to be certified, but the observed covariates available in
the survey do not account for this gap. The paper therefore
identifies an unexplained certification-pattern difference and
provides a basis for future research on how sustainability prac-
tices become documented, verified, maintained, and formalized
through certification in sector-specific institutional and market
contexts.
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Appendix A

TABLE A1 | Description of survey items and constructed variables.

Construct/variable Survey code Item wording/definition Scale Construction in this paper

Organic certification bio Winery holds organic
certification

Binary: 1= certified, 0=not
certified

Dependent variable

Manager gender gender Manager is female Binary: 1= female-managed,
0=male-managed

Main grouping variable

Managerial orientation manager1 Environmental protection and
the well-being of workers are

more important goals than
profitability

Five-point Likert item Standardized and averaged

Managerial orientation manager2 How my life goes depends on me Five-point Likert item Standardized and averaged
Managerial orientation manager3 I see myself as someone who is

always original and comes up
with new ideas

Five-point Likert item Standardized and averaged

Green-practice count proc1 Applying informatics in
cultivation

Binary: 1= adopted, 0=not
adopted

Summed across proc1–proc9

Green-practice count proc2 Introduction of integrated
cultivation

Binary Summed across proc1–proc9

Green-practice count proc3 Less use of agrochemicals Binary Summed across proc1–proc9
Green-practice count proc4 Reusing stems and branches Binary Summed across proc1–proc9
Green-practice count proc5 Applying energy- and

water-saving measures
Binary Summed across proc1–proc9

Green-practice count proc6 Decreasing greenhouse gas
emissions

Binary Summed across proc1–proc9

Green-practice count proc7 Utilizing renewable energy Binary Summed across proc1–proc9
Green-practice count proc8 Novel green solutions on

plantations
Binary Summed across proc1–proc9

Green-practice count proc9 Novel green solutions in cellars Binary Summed across proc1–proc9
Absorptive capacity absorb1 We are able to recognize and

understand new external
knowledge

Five-point Likert item Standardized and
averaged/existing ABSORB

index
Absorptive capacity absorb2 We are able to combine newly

acquired knowledge with our
existing knowledge successfully

Five-point Likert item Standardized and
averaged/existing ABSORB

index
Absorptive capacity absorb3 We are able to use the new

combined knowledge for new
products and to improve the

production process

Five-point Likert item Standardized and
averaged/existing ABSORB

index

Relational governance network1 We are able to build good
personal relationships with our

business partners

Five-point Likert item Standardized and averaged

Relational governance network2 We almost always solve problems
constructively with our partners

Five-point Likert item Standardized and averaged

Relational governance network3 Our managers and employees
often give feedback to each other

Five-point Likert item Standardized and averaged

Land land Area of land cultivated, in
hectares

Continuous Structural control

Education education Manager’s formal education Ordinal Structural control
Firm age fage Years since establishment Continuous Structural control

Note: The item wording follows the survey instrument used in the earlier Hungarian winery eco-innovation study. Eco-innovation practices are binary adoption indicators, while managerial
orientation, absorptive capacity, and relational-governance items are measured on five-point Likert-type scales. The composite indices are based on standardized items.
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TABLE A2 | Reliability and principal-component diagnostics for composite indices.

Construct Items No. of items
Cronbach’s

alpha
PC1

eigenvalue
PC1 variance

explained

Managerial orientation z_manager1, z_manager2, z_manager3 3 0.509 1.515 50.5%
Absorptive capacity z_absorb1, z_absorb2, z_absorb3 3 0.818 2.205 73.5%
Relational governance z_network1, z_network2, z_network3 3 0.721 1.935 64.5%

Note: PC1 eigenvalues are calculated as the number of items multiplied by the proportion of variance explained by the first component. Loadings are
first-principal-component loadings from PCA on the standardized items.

TABLE A3 | Decomposition robustness using PC1-based composite measures.

Specification Raw gap Explained/characteristics Coefficient/residual Interaction

Baseline row-mean indices 0.172** −0.002 0.207** −0.033
PC1-based indices 0.172** −0.003 0.206** −0.031

Note: Bootstrap standard errors are based on 2000 replications. The PC1 specification replaces the row-mean indices for managerial orientation, absorptive capacity, and
relational governance with first-principal-component scores. Significance levels: **p< 0.05.

FIGURE A1 | Scree plots for composite indices.
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FIGURE A2 | Covariate overlap by manager gender.
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