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Abstract: The agri-food sector contributes to climate change but also has substantial mitigation potential. Agroecol-
ogy is increasingly recognised as a viable pathway for transforming agri-food systems, but its success depends partly
on understanding the factors influencing farmers' pro-environmental behaviour. This study aims to identify and clas-
sify these factors as barriers or drivers through a qualitative meta-analysis based on a structured systematic literature
review of studies conducted in the European Union. The results indicated that personal knowledge and capabilities
dominated the evidence. Particularly advanced age and income-related constraints were the clearest barriers, whereas
larger farm size, higher schooling level and agricultural training were the most consistent drivers. Subsidies, off-farm
income, technical advice, family labour, environmental attitude and innovativeness show positive but less consistent
effects. The findings indicate that policies supporting the agroecological transition should strengthen farmers' finan-
cial stability, training and capacity to adopt agroecological land management practices, particularly among older and

structurally constrained farmers.
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Reducing the environmental footprint of agricul-
ture is central to global sustainability agendas, in-
cluding the Sustainable Development Goals (Wezel
et al. 2014). Because farmers implement land-use
decisions, their behavioural adaptation is key to any
agri-food transition. Accordingly, farmer pro-envi-
ronmental behaviour has received increasing atten-
tion (Milliet et al. 2023). Such behaviour is commonly
defined in terms of both impact, understood as ob-
servable action, and intention, understood as a de-
liberate commitment to act (Whitmarsh 2009).
Therefore, it is important to clarify what constitutes

pro-environmental actions by farmers, which, ac-
cording to the literature, largely involves participa-
tion in some kind of nature conservation programme
(Milliet et al. 2023).

Agroecology is widely framed as a transformative new
paradigm for agri-food systems, integrating ecological
and social principles into the design and management
of food systems (FAO 2018). FAO (2018) defines 10 prin-
ciples of agroecology, implemented through so-called
agroecological practices that aim to balance food pro-
duction with ecological processes (Wezel et al. 2014).
They may be classified as weak when they focus mainly
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on efficient resource use or as strong when they rely
on biodiversity-based solutions and deeper system re-
design (Duru et al. 2015; R60s et al. 2021). Instruments
within the Common Agricultural Policy (CAP) can
be considered as operational proxies for agroecological
land management practices (ALMP) because they em-
bed core principles such as biodiversity enhancement,
closed nutrient cycles, or reduced reliance on external
inputs (Wezel et al. 2014; EC 2021). For example, condi-
tionality (EC 2021) can be treated as weak agroecologi-
cal practices, whereas others, such as eco-schemes (EC
2021), and mostly agri-environment-climate schemes
(EC 2005), and regulation on organic production (Eu-
ropean Union 2018) can be regarded as strong agroeco-
logical practices (Mishra et al. 2019).

The adoption of ALMP is shaped by a wide range
of influences that may act as barriers (negatively)
or drivers (positively). Following the behavioural lit-
erature, such influences can be classified into psycho-
social and personality factors (internal, e.g. personal
knowledge and capabilities, and personality traits), and
contextual factors (external) (Goldman et al. 2020).
Although research has often emphasised internal de-
terminants, external constraints and opportunities
remain less developed in the empirical evidence base
(Sulemana and James 2014). This paper addresses that
gap by identifying and classifying the factors that influ-
ence farmers' ALMP adoption in European contexts.
To this end, a structured literature review (SLR) and
a qualitative meta-analysis using the vote-counting
technique were used to synthesise empirical evidence
on the direction and statistical significance of these
factors across EU member states, the United Kingdom,
and Norway (collectively, EU+).

MATERIAL AND METHODS

Literature search and selection criteria. A struc-
tured literature review (SLR) was conducted to identi-
fy, collect and classify the relevant empirical literature.
Following Massaro et al. (2016), the review was de-
signed to be systematic, transparent and replicable
by defining research questions, developing a protocol,
establishing a coding framework and selecting an ap-
propriate synthesis strategy. Six research questions,
grouped into two categories, guided the review:

G1 — Farmer-level adoption of agroecological land
management practices (ALMP).

RQ1. How has the literature on the adoption of agri-
environmental schemes (strong agroecological prac-
tices) evolved in the EU+?
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RQ2. How has the literature on the adoption of eco-
system services measures (strong agroecological prac-
tices) evolved in the EU+?

RQ3. How has the literature on the adoption of or-
ganic farming (strong agroecological practices) evolved
in the EU+?

RQ4. How has the literature on the adoption of con-
servation practices or integrated production (weak
agroecological practices) evolved in the EU+?

G2 - Barriers and drivers of farmers' farm-level
adoption of ALMP.

RQ5. What are the main barriers and drivers of farm-
ers' adoption of ALMP in the EU+?

RQ6. What is the statistical significance and direc-
tion of the association between these barriers and driv-
ers and the adoption of ALMP in the EU+?

The study was conducted in the EU, covering the
27 member states plus the United Kingdom — a mem-
ber state until 2020 — and Norway — given eco-
nomic integration — (collectively, EU+). Regarding
G1, Linares-Quero et al. (2022) highlight the role
of CAP Pillar II instruments, such as agri-environ-
mental measures and support for organic production,
in promoting the agroecological transition in the EU,
while also considering other CAP-based conserva-
tion practices (EC 2021), such as integrated produc-
tion. Moreover, there exists an added complexity due
to three distinct mechanisms for eliciting behaviours
in farmers' sustainable land management practices
at the farm level (Burke and Running 2019): actual
behaviour, self-reported behaviour, and self-reported
intention. The G2 aimed to identify the main inter-
nal and external barriers and drivers influencing the
adoption of ALMP, using the aforementioned instru-
ments to assess the statistical significance and sign
of the reported associations.

The protocol was developed between February and
September 2023 following PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses)
guidelines. The Scopus database was used because
of its broader journal coverage than the Web of Science
(WoS) database. The search was limited to English-lan-
guage, peer-reviewed empirical studies published from
2000 to 2023, conducted in the EU countries covered
by the search protocol, and reporting the statistical sig-
nificance and direction of associations between explan-
atory factors and ALMP adoption (inclusion criteria).
The 2000 starting point reflects the post-Agenda 2000
period, when the adoption of ALMP was increasingly
supported through the expansion of agri-environmen-
tal measures (EC 2005).
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Data extraction. A coding framework was estab-
lished to capture key themes and concepts. The four-
stage PRISMA process was followed (Liu et al. 2023):
identification; screening; eligibility assessment; and
inclusion and synthesis. First, a series of search strings
was constructed, using keyword queries with Boolean
operators (Table S1 in the Electronic Supplementary
Material — ESM). The database retrieved 1 687 papers
(Figure 1). After excluding 122 non-English or non-
peer-reviewed records, 1 565 papers were screened
on title, abstract and keywords, and 747 were removed
because they did not meet the preliminary inclusion
criteria. Full-text assessment of the resulting 818 pa-
pers, excluded an additional 760 papers that did not
report adoption outcomes (barriers or drivers) and/or
did not provide the statistical significance and direc-
tion of effects. This left 58 eligible studies. To minimise
omission bias, snowballing in search Google Scholar
added 8 studies, yielding a final corpus of 66 studies.

Studies identified from Scopus
(n=1.687)

Identification

Studies screened

Each stage was conducted independently by two re-
searchers, and disagreements were resolved through
discussion until consensus was reached. Although the
protocol was not externally validated, the complete
search strategy and full screening flow are provided
in the Table (ESM), ensuring full reproducibility.

To build the analytical dataset, two researchers inde-
pendently extracted all factors linked to farmers' ALMP
adoption. Synonyms were harmonised, and compound
items disaggregated where necessary, yielding 39 fac-
tors. Because many factors appeared only rarely, only
those reported in at least 5 papers were retained for
analysis, yielding 16 factors. Three team members then
classified each factor as internal or external following
Goldman et al. (2020). Internal factors were divided
into psychosocial and personality ones, and external
factors into contextual or situational factors. Hines
et al. (1987) include knowledge of action as proce-
dural knowledge (know-how about options for action

Studies excluded

(n = 818)

!

Studies assessed for eligibility
(n=58)

Screening and eligibility

Y

(n = 869)

Studies excluded
(n =760)

A

Studies included in the review
(n = 66)

Included

Studies from Google
Scholar Snowballing
(n=8)

Figure 1. PRISMA flow diagram of the systematic review process

Source: Authors' elaboration
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and how to participate), while Stern (2000) uses the
term personal capabilities, adding capabilities related
to time, money, power, and resources. Personality traits
involve not only responsibility (Hines et al. 1987) but
also motivational and affective learning goals (Stern
2000). For external factors, contextual ones include
constraints and opportunities, such as technology,
policies, and regulations (Stern 2000). Situational fac-
tors, in turn, encompass cues of either positive or neg-
ative behaviour exhibited by others (Steg et al. 2014).
Inter-coder reliability was substantial, with 87% raw
concordance; the remaining differences were resolved
in a consensus meeting.

Data analysis. A qualitative meta-analysis was con-
ducted using the vote-counting technique (Light and
Smith 1971) on the 16 factors identified in the SLR.
Because the primary literature is methodologically
heterogeneous and often omits the statistics needed
to compute a common effect size, vote-counting was
chosen over a quantitative meta-analysis. Vote-counting
involves analysing and classifying the reported associa-
tions for each factor as positive, negative, or non-sig-
nificant (Borenstein et al. 2009); the modal outcome
indicates the prevailing direction of an effect (Koricheva
and Gurevitch 2013). Its main limitation is that each
study receives equal weight regardless of sample size
or econometric specification, which may increase the
risk of Type-II error in studies with small sample sizes
or split-sample designs for between-subject compari-
sons (Koricheva and Gurevitch 2013). Nevertheless,
vote-counting is appropriate for our study, as more than
95% of studies have samples of more than 100 observa-
tions, which helps mitigate this bias.

Following McKenzie and Brennan (2023), three 2 x 2
contingency tables were constructed for each factor:
positive vs. negative, positive vs. non-significant and
non-significant vs. negative. Pearson's x> tests assessed
whether the distribution of effect patterns deviated sig-
nificantly from a 50/50 uniform distribution. This allowed
us to test whether one type of effect tended to dominate
for a given factor, or whether the effects were equally
distributed, suggesting no clear directional pattern. Giv-
en the restricted geographical scope of the corpus (EU
member states plus the United Kingdom and Norway),
the inherent risk of Type-II error in qualitative syntheses,
and the exploratory nature of the multiple testing, a 90%
confidence threshold was adopted. Additionally, to assess
the internal consistency of the vote-counting results (Mc-
Kenzie and Brennan 2023), 3 x 3 contingency tables were
constructed to cross-check the significance levels for se-
lected pairs of factors — specifically those most frequently
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studied and with the highest proportion of significant
findings, and again Pearson's x* test was applied.

A sensitivity analysis tested the robustness of the
vote-counting results, following McKenzie and Bren-
nan (2023). Pearson's x* test examined whether the
distribution of vote-counting outcomes differed signif-
icantly across two methodological strata: (i) statistical
power, proxied by a sample sizes exceeding 400 obser-
vations, a threshold associated with acceptable predic-
tive accuracy when multiple covariates are included
(Van Voorhis and Morgan 2007); and (ii) journal qual-
ity, proxied by publication in journals ranked in the top
quartile (Q1) of the Journal Citation Reports (JCR),
where editorial standards are associated with lower
publication bias (Higgins et al. 2019). Because the
methodological strategy involved multiple hypothesis
tests, the Benjamini—-Hochberg correction (Benjamini
and Hochberg 1995) was applied to control the false
discovery rate (FDR), balancing the need to limit Type-
I error inflation while maintaining sufficient statistical
power to detect meaningful differences.

RESULTS AND DISCUSSION

Structured literature review. The SLR approach
addressed the first group of research questions.
The 66 reviewed studies are summarised in Table S2
(ESM) by authors, publication year, data type, sample
size, type of ALMP, crop types, country, econometric
specifications, behaviour measures (actual, self-re-
ported adoption, and self-reported intention to adopt)
and journal ranking in the year of publication (Q1 vs.
non-Q1). 36 studies used sample sizes ranging from 36
to 400 observations, while 30 analysed datasets with
more than 400 observations. The adoption of agri-en-
vironmental schemes was the most frequently analysed
ALMP (47 papers), followed by organic farming (8 pa-
pers). Only one paper directly addressed the adoption
of agroecology as such. Crop-specific studies were less
common, and only 18 papers focused on specific crops,
mainly olive groves (10 papers) and vineyards (5 pa-
pers), while cereals, citrus, vegetables, avocados, and
legumes were each covered by one study.

As shown in Figure 2, publication peaks occurred
in 2015 and 2022, with 8 papers in each year. The cor-
pus averaged approximately 3 papers per year.

The datasets used in the selected studies were col-
lected between 1996 and 2022, with most collected
in 2012 (Figure S1, ESM). Only 10 papers relied on sec-
ondary data. Geographically, the evidence was concen-
trated in Italy and Spain, as illustrated in Figure 3.
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Figure 2. Number of papers over time

Source: Authors' elaboration

Econometric approaches in the corpus were strongly
oriented towards discrete-choice frameworks. 33 stud-
ies used traditional discrete choice analysis, 26 used
choice experiments, 6 used contingent valuation, and
1 used another regression analysis (Table 1). Com-
mon specifications included traditional binary logit
and probit, typically modelling actual or self-report-
ed adoption of ALMP, and a random parameter logit
model (also known as mixed logit model), often model-
ling self-reported intention in choice experiments.

Finally, a co-occurrence network analysis of the key-
words was performed using VOSviewer software (Van

Figure 3. Geographical distribution of studies

Source: Authors' elaboration
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Eck and Waltman 2022). Figure 4 shows that the main
topics were agri-environmental schemes, choice ex-
periments and willingness to accept. Other frequent
keywords included organic farming, payments for eco-
system services, and contingent valuation.
Vote-counting. The vote-counting synthesis ad-
dressed the second group of research questions. Of the
39 factors initially identified, 16 appeared in at least five
studies and were retained for analysis (the remaining
23 are presented in Table S3 in the ESM). The 16 key
factors were grouped into three categories (Table S4,
ESM). 11 were classified as personal knowledge and
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Table 1. Methodological approaches used in the reviewed studies

Methodological Repeated . . . Correlation
Econometric specifications No. of papers
approaches outcomes between outcomes
no binary probit model no 7
yes binary probit model no 3
yes multinomial logit model no 8
no binary logit model no 6
yes binary logit model no 1
Traditional discrete- .
. . no ordered probit no 2
choice analysis
yes trivariate ordered probit yes 1
yes trivariate probit yes 2
yes random effect logit yes 1
yes a-spatial fractional logit no 1
yes multivariate probit yes 1
yes random parameter logit model yes 11
yes latent class yes 5
yes latent class + binary probit model yes 1
yes binary logit model no 1
) ) yes ordered logit yes 1
Choice experiment )
yes error component random parameter logit yes 1
yes random parameter hybrid choice yes 1
yes conditional logit no 2
yes bivariate probit model yes 2
yes random parameter logit + linear regression yes 1
yes binary probit model no 2
Contingent valuation no binary probit model no 2
yes bivariate probit model yes 1
no linear regression no 1
Other no Tobit no 1

Source: Authors' elaboration

capabilities, linked to farmers' ability to evaluate costs
and benefits, including time availability, liquidity, man-
agerial control, access to physical resources, and demo-
graphic characteristics. Three were contextual factors,
representing external opportunities or constraints
on pro-environmental behaviours, such as policy in-
centives, market signals and biophysical endowments.
Only two factors were personality traits, namely envi-
ronmental attitude and innovativeness. Notably, no sit-
uational factors were identified.

Figure 5 shows the distribution of positive, negative
and non-significant votes for each factor. In addition,
Table 2 reports the results of Pearson's x* test for these
distributions.

Personal knowledge and capabilities dominated the
empirical literature. Farm size was analysed in 46 papers
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and was significant in 43% of the corpus. It generally act-
ed as a driver, with 29% (19 out of 66) reporting a posi-
tive association, suggesting that larger farms are more
likely to adopt ALMP. Yet, the imbalance between posi-
tive and negative findings was not statistically significant
(x> = 2.79, P > 0.10). This heterogeneity is consistent
with evidence that larger farms may be better equipped
to adopt ALMP, while smaller farms may sometimes
face lower adjustment costs or more easily meet specific
standards (Ruto and Garrod 2009; Lépple and Rensburg
2011; Beltran-Esteve et al. 2012; Dinis et al. 2015). A key
issue is the definition of 'small farm' across EU contexts
— thresholds range from 0.3 ha to 4 ha under the Small
Farmers Scheme (European Parliament 2025).
Schooling level showed a clearer pattern. It was stud-
ied in 38 papers and was significant in 36% of the corpus.
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Figure 4. Co-occurrence network of keywords in the selected papers
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32% (21 out of 66) showed a positive association with ~ Farm income showed the opposite pattern. It appeared
adoption, identifying schooling as a driver (x> = 13.50, in 18 studies and was significant in 15% of the corpus,
P < 0.01). This is consistent with evidence that more  with a negative association in 14% (9 out of 66); the
educated farmers are better able to navigate regula-  vote distribution was statistically significant (x> = 6.40,
tory and bureaucratic requirements (Micha et al. 2015). P < 0.05). Off-farm income partly offset this constraint.

35
30
w
5 25
o
&
o« 20
S
b
—g 15
=
Z 10
) I h L 1 1 .
(] = ) ] tzb ] A =] (- [ o » 9] el
X g £ = g = 5] S ES 5} 3 9 S 3 g
7 3 — R=] o = =) =] = < = =
-~ S S g = 2 2 2 < = = 2 = 3
& on & & 3 = 5} Q < o 5 2 & > g
g b=} k=] R = = 4 o - U] Q = = 1) b=
o k=i = i =t 9] i Q = < IS} «
s 3 £ £ — 3 = 2 » S = =
£ 8 £ 3 S E 2 z = g
< Y = < £ <
2 [s=] F - ) 5]
%) actors by £
o = S
m Positive = Negative = Non significant £
Z
48]

Figure 5. Vote-counting results for each factor affecting agroecological land management practices adoption

Source: Authors' elaboration
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Table 2. Pearson's x* tests for each factor of ALMP adoption: positive vs. negative, positive vs. non-significant, and

negative vs. non-significant

Pearson's x* tests with Benjamini—Hochberg correction approach

Category Factors positive vs. positive vs. negative vs.
negative non-significant non-significant
farms size 2.79" 0.11™ 1.81™
schooling level 13.50%** 1.40™ 7.12%
farm income 6.40%* 5.44* 0.06"
off-farm income 3.57" 2.00™ 0.33"
training 10.29%** 8.07* 0.33"
Personal knowledge full-time 0.82" 0.33" 0.11™
and capabilities
livestock 0.11™ 0.40" 0.09"
succession 0.09™ 1.00™ 0.50™
family labour 1.80™ 1.80™¢ 0.00"
age 19.70%** 4.26" 7.04*
gender 0.00" 3.77" 3.77"
association 2.00™ 0.00 " 2.00"
Contextual factors subsidies 5.44* 2.27" 1.00™
technical advice 4.00" 0.14" 3.00™
) . environmental attitude 6.00%* 3.57™ 1.00™
Personality traits
innovation 5.00* 5.00* na

*, ** and ***significance at the 10%, 5% and 1% levels, respectively; "not statistically significant; ™Pearson's x* tests could
not be applied due to insufficient observed frequencies; ALMP — agroecological land management practices

Source: Authors' elaboration

Among the 9 studies, 10% of the corpus reported a sig-
nificant effect, and 9% (6 out of 66) showed a positive
association with adoption, although heterogeneity pre-
vented statistical significance (x* = 3.57, P > 0.10). This
supports the interpretation that expected on-farm in-
come losses discourage adoption unless complementary
income sources are available (Defrancesco et al. 2008;
Ruto and Garrod 2009; Unay-Gailhard and Bojnec
2016). Agricultural training was one of the most con-
sistent drivers. It was examined in 16 studies, with 21%
of the sample reporting a significant impact and 20% (13
out of 66) reporting a positive association, confirming
it as a driver (x> = 10.29, P < 0.01). This suggests that
procedural knowledge and knowledge transfer facilitate
the uptake of environmentally beneficial practices and
improve understanding of alternative production ap-
proaches (Bartolini and Vergamini 2019).

By contrast, full-time farming, livestock, succes-
sion and family labour produced mixed results. Full-
time farming was examined in 16 studies; 11 studies
(17% of the full corpus) reported a significant ef-
fect. It tended to be positive (11% — 7 out of 66), but
not significantly so (x> = 0.82, P > 0.10). However,
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Schulz et al. (2014) suggest that full-time farmers
tend to favour more sustainable, less intensive meas-
ures because they require less working time. Like-
wise, Rodriguez-Entrena and Arriaza (2013) find
that when farming is a primary occupation, farm-
ers' deeper knowledge of sector practices increases
the likelihood of adopting ALMP. Livestock inten-
sity showed an even less consistent relationship with
ALMP adoption. Across 15 papers, 13% of the corpus
reported a statistically significant effect: 6% positive
(4 out of 66) and 8% negative (5 out of 66). Indeed,
the x° test was non-significant (x> = 0.11, P > 0.10).
Findings on farm succession were similarly incon-
clusive. 14 studies examined this factor, with 16% re-
porting a significant effect: 9% positive (6 out of 66)
and 8% neg?ative (5 out of 66). Again, the x test was
not significant (x> = 0.09, P > 0.10). Ruto and Gar-
rod (2009) suggest that the mixed results may reflect
farmers' reluctance to enter long-term contracts that
could constrain their successors. Family labour was
addressed in only 6 studies, and in 8% of these, a sig-
nificant effect was found, with a positive association
in 6% (4 of 66). The x* test was also not significant
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(x* = 1.80, P > 0.10). Mozzato et al. (2018) propose
that willingness to adopt can increase when deci-
sions are shared among several family members, al-
though this was not always the case.

Age was the most frequently studied factor, appear-
ing in 51 papers, and was significant in 56% of the
corpus. Negative estimates strongly dominated: 48%
(32 out of 66 vs. 5 out of 66 positives). The x* test
was significant (19.70, P < 0.01), indicating that age
was the most robust barrier. This finding aligns with
evidence that younger farmers are often more recep-
tive to new technologies and practices (Mald and
Maly 2013), whereas older farmers may be more con-
servative or risk-averse (Polman and Slangen 2008).
Even so, Barreiro-Hurlé et al. (2008) argue that older
farmers may favour agri-environmental measures
because the requirements are relatively easy to im-
plement. Gender, by contrast, remained ambiguous.
16 studies examined this factor, and it was significant
in only 9% of the corpus, and the direction was evenly
split, yielding x* = 0.000 (P > 0.10). Indeed, Sardaro
et al. (2021) indicate that adoption is more dependent
on the farmers' level of education than on gender.

Among contextual factors, membership in agri-
cultural associations was inconclusive. It appeared
in 14 studies and was significant in 12% of the cor-
pus, with a positive association in 9% (6 out of 66),
but it showed no significant overall pattern (x* = 2.00,
P > 0.10). Subsidies were more consistent. 12 studies
incorporated some measure of subsidy support, and
it was significant in 15% of the corpus, with 12% (8
out of 66) reporting a positive association. The x> test
confirmed (x*> = 5.44, P < 0.10) that subsidies were
a driver of participation when compensation is suf-
ficient to cover implementation costs (Defrancesco
et al. 2008) or support new business models (Barto-
lini and Vergamini 2019). Indeed, Giovanopoulou
et al. (2011) show that a perceived low level of pay-
ment decreases the likelihood of farmers' pro-envi-
ronmental behaviour. Technical advice also emerged
as a driver of ALMP adoption, although it appeared
in only 7 studies and was significant and positive
in 6% (4 out of 66), resulting in a non-significant x*
test ()(2 =4.00, P > 0.10), despite evidence that adviso-
ry services can reduce the compensation required for
participation (Espinosa-Goded et al. 2010; Lienhoop
and Brouwer 2015).

The only personality traits that met the inclusion
threshold were environmental attitude and innovative-
ness. Environmental attitude appeared in 7 studies and
was significant and positive in 9% (6 out of 66), yielding

a significant x? test (x> = 6.00, P < 0.05). Innovative-
ness displayed a similar pattern, with 5 significant and
positive results (8% of the corpus) and a significant x*
test (x> = 5.00, P < 0.10). These results are consistent
with behavioural models linking pro-environmental
action to values, attitudes and prior experience with
new technologies (Barreiro-Hurlé et al. 2008; Ducos
et al. 2009).

Finally, pairwise Pearson's x> tests for the fac-
tor that were both most frequent and most often
significant showed that adoption determinants
did not operate in isolation (Table S5, ESM).
Age was significantly associated with farm size
(x> = 12.13, P < 0.05), i.e. whenever age mattered
in a given study, farm size tended to matter as well.
This pattern aligns with Gemtou et al. (2024),
who report that younger farmers are more willing
to adopt climate-smart agriculture and that larger
farms benefit from lower unit costs and reduced
managerial complexity when implementing such
practices. Farm size was also significantly linked
to both schooling level (x*> = 13.02, P < 0.05) and
farm income ()(2 = 13.15, P < 0.05), indicating that
physical and human capital tend to be concentrated
on certain holdings. Guo et al. (2020) reach a similar
conclusion in their meta-analysis of 21 African stud-
ies, noting that land and education can accumulate
among better-resourced producers. However, Fini-
zola e Silva et al. (2024) find that smallholders with
lower on-farm incomes are more inclined to adopt
climate-smart agriculture practices. No signifi-
cant association emerged between age and farm
income (x*> = 1.20, P > 0.10), age and schooling lev-
el (x> = 8.24, P > 0.10), and farm size and training
(x* = 4.51, P > 0.10), mirroring the ambiguous effects
highlighted in Finizola e Silva et al. (2024).

Sensitivity analysis. To test robustness, the vote-
counting statistics were re-estimated after parti-
tioning the corpus by study sample size and journal
quality. The sample-size split used 400 observations
as the threshold, and the journal-quality split distin-
guished Q1 from non-Q1 journals. Tables 3 and 4 re-
port Pearson's chi-square statistics.

When statistical power was used as the reference
stratification, no factor showed a statistically signifi-
cant difference in vote-counting outcomes between
high- and low-sample-size studies. This suggests
that the main patterns are broadly consistent across
sample sizes.

The journal-quality stratification (Table 4) painted
a similar picture.
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Table 3. Sensitivity analysis stratified by study sample size (> 400 vs. < 400 observations)

Category Factors Pearson's x” test
farm size 5.46"
schooling level 0.56"
farm income 0.90™
off-farm income 0.75"
training 3.11™
Personal knowledge and capabilities full-time 4.52"
livestock 8.18"™
succession 528"
family labour 2.62"
age 1.30™
gender 0.82"
association 0.38"
Contextual factors subsidies 1.54"
technical advice 0.19™
Personality traits environmental attitude 1.55™¢

"Snon-statistically significant, Benjamini—Hochberg correction was applied; factors that did not meet Pearson's x* require-
ments due to insufficient observed frequencies are not reported in this table
Source: Authors' elaboration

The journal-quality stratification showed the the vote-counting results are broadly stable across
same pattern. No statistically significant differences  publication quartiles and are not driven by Q1 jour-
were found for the analysed factors, indicating that  nals alone.

Table 4. Sensitivity analysis stratified by journal impact (Q1 vs. non-Q1)

Category Factors Pearson's x* test
farms size 0.98™
schooling level 491
farm income 1.16™
off-farm income 1.57"
training 1.02"
Personal knowledge and capabilities full-time 0.34"
livestock 2.41"
succession 1.20"
family labour 2.00™
age 1.55"
gender 3.73
association 1.13"
Contextual factors subsidies 2.25"
technical advice 3.73
Personality traits environmental attitude 291"

"non-statistically significant, Benjamini-Hochberg correction was applied; factors that did not meet Pearson's x2 require-
ments due to insufficient observed frequencies are not reported in this table

Source: Authors' elaboration
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CONCLUSION

Agroecology offers a plausible pathway for transform-
ing the EU's agri-food system. Based on a structured
literature review of 66 empirical studies and a qualita-
tive meta-analysis of 16 frequently reported factors, this
study shows that personal knowledge and capabilities
dominate the evidence on farmers' ALMP adoption.
Schooling level and agricultural training are the most
consistent drivers, while the association between adop-
tion and farm size tends to be positive but heterogene-
ous. Age is the strongest barrier, and income-related
constraints also reduce adoption. Subsidies, off-farm
income, technical advice, family labour, environmental
attitude and innovativeness generally support adoption,
although their effects are less consistently reported. Evi-
dence on gender, livestock and succession remain incon-
clusive and warrant further research.

The results suggest three policy priorities for the
post-2027 CAP. First, because older farmers are less in-
clined to adopt ALMPs and, on average, have lower levels
of formal education, tailored training programmes should
address their specific informational, managerial and risk-
related constraints. Second, support mechanisms should
be recalibrated to reduce the structural disadvantages that
limit adoption by small or financially constrained farms.
Third, generational-renewal instruments within the
CAP's new green architecture could be linked, through
the basic payment, to verifiable commitments to sustain-
able production, thereby easing entry for younger farmers
while supporting farm development.

These conclusions, however, should be interpreted
with caution. The evidence is geographically uneven,
with studies concentrated in countries such as Spain and
Italy and thinner coverage of Northern and Eastern Eu-
rope. In addition, the inclusion criteria excluded studies
that did not report both statistical significance and the
direction of the effect. Although these restrictions im-
prove methodological comparability, they limit the gen-
eralisability of our results beyond European settings and
beyond qualitative or non-parametric evidence. Future
studies should report effect sizes, significance levels,
and consistent definitions for understudied factors such
as gender, livestock intensity, succession intentions, and
environmental attitudes, to build a more comprehensive
foundation for future policy design.

REFERENCES

Barreiro-Hurlé J., Espinosa-Goded M., Dupraz P. (2008): Does
intensity of change matter? Factors affecting adoption in two

agri-environmental schemes. In: 107™ EAAE Seminar:
Modelling of Agricultural and Rural Development Policies.
Sevilla, Jan 29-Feb 1, 2008.

Bartolini F.,, Vergamini D. (2019): Understanding the spatial
agglomeration of participation in agri-environmental
schemes: The case of the Tuscany region. Sustainability,
11: 2753.

Beltrdn-Esteve M., Picazo-Tadeo A.]., Reig-Martinez E.
(2012): What makes a citrus farmer go organic? Empirical
evidence from Spanish citrus farming. Spanish Journal
of Agricultural Research, 10: 901-910.

Benjamini Y., Hochberg Y. (1995): Controlling the false dis-
covery rate: A practical and powerful approach to multiple
testing. Journal of the Royal Statistical Society: Series B
(Methodological), 57: 289-300.

Borenstein M., Hedges L.V., Higgins J.P.T., Rothstein H.R.
(2009): Introduction to Meta-Analysis. Hoboken, John
Wiley & Sons Ltd: 251-255.

BurkeJ., Running K. (2019): Role identities and pro-environ-
mental behavior among farmers. Human Ecology Review,
25:3-22.

Defrancesco E., Gatto P.,, Runge F., Trestini S. (2008): Fac-
tors affecting farmers participation in agri-environmental
measures: A northern Italian perspective. Journal of Agri-
cultural Economics, 59: 114—131.

Dinis I., Ortolani L., Bocci R., Brites C. (2015): Organic
agriculture values and practices in Portugal and Italy.
Agricultural Systems, 136: 39-45.

Ducos G., Dupraz P, Bonnieux F. (2009): Agri-environment
contract adoption under fixed and variable compliance
costs. Journal of Environmental Planning and Manage-
ment, 52: 669-687.

Duru M., Therond O., Fares M.H. (2015): Designing agro-
ecological transitions: A review. Agronomy for Sustainable
Development, 35: 1237-1257.

EC (2005): Agri-environmental measures: Overview on gen-
eral principles, types of measures, and application. Brus-
sels, European Commission Available at https://agriculture.
ec.europa.eu/document/download/866a00c8-5a8d-431a-
al4f-413be7bcb446_en?filename=report-agri-environ-
measures-an-overview_2005_en.pdf

EC (2021): The common agricultural policy at a glance.
Brussels, European Commission. Available at https://
agriculture.ec.europa.eu/common-agricultural-policy/
cap-overview/cap-glance_en

Espinosa-Goded M., Barreiro-Hurlé J., Ruto E. (2010): What
do farmers want from agri-environmental scheme design?
A choice experiment approach. Journal of Agricultural
Economics, 61: 259-273.

European Parliament (2025): Direct payments — Fact sheet
on the EU. Sheet 109. Brussels, European Parliament.

581



Review

Agricultural Economics — Czech, 72, 2026 (9): 571-583

Available at https://www.europarl.europa.eu/factsheets/
en/sheet/109/direct-payments

European Union (2018): Regulation (EU) 2018/848 of the
European Parliament and of the Council of 30 May 2018
on Organic Production and Labelling of Organic Products
and Repealing Regulation (EC) No. 834/2007. Available
at https://eur-lex.europa.eu/eli/reg/2018/848/0j/eng

FAO (2018): The 10 Elements of Agroecology. Rome,
FAO. Available at https://openknowledge.fao.org/han-
dle/20.500.14283/i9037en

Finizola e Silva M., Van Schoubroeck S., Cools J., Van Pas-
sel S. (2024): A systematic review identifying the drivers
and barriers to the adoption of climate-smart agriculture
by smallholder farmers in Africa. Frontiers in Environmen-
tal Economics, 3: 1356335.

Gemtou M., Kakkavou K., Anastasiou E., Fountas S., Pedersen
S.M., Isakhanyan G., Erekalo K.T., Pazos-Vidal S. (2024):
Farmers' transition to climate-smart agriculture: A sys-
tematic review of the decision-making factors affecting
adoption. Sustainability, 16: 2828.

Giovanopoulou E., Nastis S.A., Papanagiotou E. (2011):
Modeling farmer participation in agri-environmental ni-
trate pollution reducing schemes. Ecological Economics,
70: 2175-2180.

Goldman D., Hansmann R., Cincera J., Radovi¢ V., Telesiené
A., BalZekiené A., Vavra J. (2020): Education for envi-
ronmental citizenship and responsible environmental
behaviour. In: Hadjichambis A.C., Reis P., Paraskeva-
Hadjichambi D., Cincera J., Boeve-de Pauw J., Gericke N.,
Knippels M.C. (eds): Conceptualizing Environmental
Citizenship for 21* Century Education. Cham, Spring-
er: 115-137.

Guo Q., Ola O., Benjamin E.O. (2020): Determinants of the
adoption of sustainable intensification in southern African
farming systems: A meta-analysis. Sustainability, 12: 3276.

Higgins J.PT., Thomas J., Chandler J., Cumpston M., Li T.,
Page M.]., Welch V.A. (2019): Cochrane Handbook for
Systematic Reviews of Interventions. 2" Ed. Hoboken,
John Wiley & Sons Ltd: 117-204.

Hines J.M., Hungerford H.R., Tomera A.N. (1987): Analysis
and synthesis of research on responsible environmental
behavior: A meta-analysis. The Journal of Environmental
Education, 18: 1-8.

Koricheva J., Gurevitch J. (2013): Place of meta-analysis
among other methods of research. In: Koricheva J.,
Gurevitch J., Mengersen K. (eds): Handbook of Meta-
Analysis in Ecology and Evolution. Princeton, Princeton
University Press: 3—13.

Lapple D., Rensburg T.V. (2011): Adoption of organic farm-
ing: Are there differences between early and late adoption?
Ecological Economics, 70: 1406—-1414.

582

https://doi.org/10.17221/374/2024-AGRICECON

Lienhoop N., Brouwer R. (2015): Agri-environmental policy
valuation: Farmers' contract design preferences for affor-
estation schemes. Land Use Policy, 42: 568-577.

Light R., Smith P. (1971): Accumulating evidence: Procedures
for resolving contradictions among different research stud-
ies. Harvard Educational Review, 41: 429-471.

Linares Quero A., Iragui Yoldi U., Gava O., Schwarz G., Pov-
ellato A., Astrain C. (2022): Assessment of the Common
Agricultural Policy 2014-2020 in supporting agroeco-
logical transitions: A comparative study of 15 cases across
Europe. Sustainability, 14: 9261.

Liu F, Chang-Richards A., Wang K.I., Dirks K.N. (2023):
Effects of climate change on health and wellbeing: A sys-
tematic review. Sustainable Development, 31: 2067-2090.

Mala Z., Maly M. (2013): The determinants of adopting
organic farming practices: A case study in the Czech Re-
public. Agricultural Economics — Czech, 59: 19-28.

Massaro M., Dumay J., Guthrie J. (2016): On the shoulders of gi-
ants: Undertaking a structured literature review in accounting.
Accounting, Auditing & Accountability Journal, 29: 767-801.

McKenzie ].E., Brennan S.E. (2023): Synthesizing and present-
ing findings using other methods. In: Higgins J.P.T., Thomas
J., Chandler J., Cumpston M., Li T., Page M.J., Welch V.A.
(eds): Cochrane Handbook for Systematic Reviews of In-
terventions. London, Cochrane.

Micha E., Areal EJ., Tranter R.B., Bailey A.P. (2015): Uptake
of agri-environmental schemes in the Less-Favoured Areas
of Greece: The role of corruption and farmers' responses
to the financial crisis. Land Use Policy, 48: 144—157.

Milliet E., Plancherel C., Roulin A., Butera F. (2023): The ef-
fect of collaboration on farmers' pro-environmental be-
haviors — A systematic review. Journal of Environmental
Psychology, 93: 102223.

Mishra P, Singh P.P,, Singh S.K., Verma H. (2019): Sustainable
agriculture and benefits of organic farming to special em-
phasis on PGPR. In: Kumar A., Singh A K., Choudhary K.K.
(eds): Role of Plant Growth Promoting Microorganisms
in Sustainable Agriculture and Nanotechnology. Cam-
bridge, Woodhead Publishing: 75-87.

Mozzato D., Gatto P., Defrancesco E., Bortolini L., Pirotti E.,
Pisani E., Sartori L. (2018): The role of factors affecting the
adoption of environmentally friendly farming practices:
Can geographical context and time explain the differences
emerging from literature? Sustainability, 10: 3101.

Polman N.B.P, Slangen L.H.G. (2008): Institutional design
of agri-environmental contracts in the European Union:
The role of trust and social capital. NJAS: Wageningen
Journal of Life Sciences, 55: 413—430.

Rodriguez-Entrena M., Arriaza M. (2013): Adoption of con-
servation agriculture in olive groves: Evidences from
southern Spain. Land Use Policy, 34: 294-300.



Agricultural Economics — Czech, 72, 2026 (9): 571-583

Review

https://doi.org/10.17221/374/2024-AGRICECON

R66s E., Mayer A., Erb K.H., Kalt G., Kaufmann L., Matej S.,
Theurl M.C., Lauk C., Muller A., Ferguson S., Hart R.,
Smith P. (2021): Report on Participatory Scenario Devel-
opment of Agro-ecological Farming Systems. UNISECO.
Available at https://zenodo.org/records/5576228

Ruto E., Garrod G. (2009): Investigating farmers' preferences
for the design of agri-environment schemes: A choice
experiment approach. Journal of Environmental Planning
and Management, 52: 631-647.

Sardaro R., Faccilongo N., Conto F,, La Sala P. (2021): Adaptation
actions to cope with climate change: Evidence from farmers'
preferences on an agrobiodiversity conservation programme
in the Mediterranean area. Sustainability, 13: 5977.

Schulz N., Breustedt G., Latacz-Lohmann U. (2014): As-
sessing farmers' willingness to accept 'Greening': Insights
from a discrete choice experiment in Germany. Journal
of Agricultural Economics, 65: 26—48.

Steg L., Bolderdijk J.W., Keizer K., Perlaviciute G. (2014):
An integrated framework for encouraging pro-environ-
mental behaviour: The role of values, situational factors and
goals. Journal of Environmental Psychology, 38: 104—115.

Stern P.C. (2000): New environmental theories: Toward
a coherent theory of environmentally significant behavior.
Journal of Social Issues, 56: 407—-424.

Sulemana I., James Jr H.S. (2014): Farmer identity, ethical
attitudes and environmental practices. Ecological Econom-
ics, 98: 49-61.

Unay-Gailhard 1., Bojnec S. (2016): Sustainable participa-
tion behaviour in agri-environmental measures. Journal
of Cleaner Production, 138: 47-58.

Van Eck N.J., Waltman L. (2022): VOSviewer (version 1.6.18)
[Software]. Centre for Science and Technology Studies, Lei-
den University. Available at https://www.vosviewer.com/

VanVoorhis C.R.W., Morgan B.L. (2007): Understanding
power and rules of thumb for determining sample sizes. Tu-
torials in Quantitative Methods for Psychology, 3: 43—50.

Wezel A., Casagrande M., Celette F., Vian J.F,, Ferrer A.,
Peigné J. (2014): Agroecological practices for sustainable
agriculture. A review. Agronomy for Sustainable Develop-
ment, 34: 1-20.

Whitmarsh L. (2009): Behavioural responses to climate
change: Asymmetry of intentions and impacts. Journal

of Environmental Psychology, 29: 13-23.

Received:October 3, 2024
Accepted: May 7, 2026
Published on-line: September 18, 2026

583





