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Abstract

Policymakers worldwide set ambitious targets to increase the share of organic farm-
ing. We conduct a global, systematic literature review to synthesise evidence on the
adoption of organic farming and support policymakers and food-value chain actors in
reaching policy goals. First, we map the existing research and identify substantial gaps
regarding the research focus, methodology and geographical coverage. Second, using
a conceptual framework of the farmers’ adoption process, we provide an overview
of evidence-based recommendations to scale organic adoption. Finally, using regres-
sion analysis, we show that especially the organic market maturity and the level of
agricultural productivity matter for the type of recommended measures.
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1. Introduction

Policy goals for increasing the share of organic farming have been set in
many countries around the world (Meredith, Lampkin and Schmid, 2018;
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Hysa et al., 2022).! The EU (by 2030) and Japan (by 2050) have for example
set policy goals for a 25 per cent share of organic production in agriculture,
and some EU Member States like Germany, Austria or Sweden even aim at
achieving 30 per cent by 2030 (e.g. Schebesta and Candel, 2020; Fujibayashi,
2021; Lampkin and Sanders, 2022). However, progress on these targets is
slow despite substantial efforts,” pathways to reaching those policy goals are
unclear and a systematic overview of evidence-based recommendations from
the scientific literature for designing supporting policies and programmes is
missing. An important research question therefore is which policy measures
(or policy mixes) have been identified as effective and efficient for increasing
the share of organic farming in the scientific literature. Moreover, we have in
the past observed large differences in the adoption rates of organic farming
across countries and crops (Willer, Schlatter and Travnicek, 2023) and in the
response of adoption rates to policies (Rees, Grovermann and Finger, 2023).
Systematically identifying relevant institutional-, environmental- and socio-
economic contexts for choosing and adapting measures to increase the share
of organic farming is thus key to support policymakers and food-value chain
actors’ strategic decision-making in this area.

In this study, we conduct a global systematic literature review based on 183
policy recommendations from 120 studies. We (i) identify important research
gaps in terms of geographic, production system and methodological scope and
make recommendations for future research to fill these gaps, (ii) synthesise
recommendations for policymakers and food-value chain actors from litera-
ture using a conceptual framework of the farmer adoption process and (iii) use
regression analysis to assess important context specific characteristics for the
choice of measures supporting the adoption of organic farming.

Different terms for increasing or broadening the adoption of innovations
in agriculture have been used in literature. We here follow Wigboldus et al.
(2016) and use the general term ‘scaling’ to describe an increase in the share
of (organic) adoption. Further, research into organic farming is mostly divided
in supply- and demand-side oriented approaches (e.g. Merel, Qin and Sexton,
2023). While the former focuses on farmer decision-making, determining the
supply of organic products to markets, the latter focuses on consumers choices
and preferences, determining the demand for organic products. We here specif-
ically focus on improving our understanding of the farmer decision-making
process and its implications for the design of policies and programmes to
scale up organic farming. We account for integrated supply- and demand-side
studies and make suggestions for future research in this direction.

1 While expanding organic farming is a widespread policy objective, other pathways could also
contribute to increasing the sustainability of agricultural production, such as (labelling of) exten-
sive, pesticide free or other biodiversity-friendly production systems (e.g. Tscharntke et al., 2015;
Mohring and Finger, 2022).

2 For example, support payments for conversion to and maintenance of organic farming and the
adoption of National Action Plans in Europe (e.g. Rees, Grovermann and Finger, 2023; Lampkin
and Sanders, 2022).
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There is a broad and growing literature on the adoption and diffusion of
innovative practices and technologies in agriculture (e.g. Sunding and Zilber-
man, 2001; Long, Blok and Coninx, 2016), with early studies originating in
sociology (Rogers, 2003). The abundance of studies reflects the importance of
innovations for agricultural production, agricultural stakeholders and agricul-
tural policy (Pannell and Zilberman, 2020). Studies reviewing findings on the
adoption of sustainable agricultural innovations and practices so far focused
on sustainable agricultural practices more generally (Dessart, Barreiro-Hurlé
and van Bavel, 2019; Swart et al., 2023), or on specific practices, such as
conservation agriculture (e.g. Knowler and Bradshaw, 2007; Prokopy et al.,
2008) or climate-smart agriculture (Long, Blok and Coninx, 2016), as well
as agri-environmental schemes (e.g. Lastra-Bravo et al., 2015; Schaub et al.,
2023; Sander et al., 2024; Schulze et al., 2024). Moreover, past reviews often
had a specific geographic focus (e.g. on the USA or Europe; see Schaub et al.,
2023 for an overview). However, the global importance of organic agriculture
as a policy goal, the richness and geographic distribution of organic adoption
studies due to its role as a globally established strategy and label, the com-
plex nature of adoption decisions weighing organic vs. conventional farming
and the lack of systematic consideration of the potential context dependency
of organic adoption in the literature, merits a review with a specific focus on
the adoption of organic farming.

Importantly, literature has emphasised the importance of considering local-,
regional- and innovation-specific contexts, such as opportunity costs, market
and environmental conditions or institutions, when assessing adoption deci-
sions (e.g. Knowler and Bradshaw, 2007; Lastra-Bravo et al., 2015; Dessart,
Barreiro-Hurlé and van Bavel, 2019; Schaub et al., 2023). Moreover the extent
and timing of adoption is crucial (Sunding and Zilberman, 2001). The initial
adoption of an innovative technology or practice might have different deter-
minants, impacts and requires different supporting policies than increasing or
broadening the adoption of organic farming in a region (or in a later adoption
stage), since the adoption process is often recognised to be non-linear over
time and space (Sunding and Zilberman, 2001; Padel, 2001; Lépple and Van
Rensburg, 2011; Wigboldus et al., 2016). It is clearly emerging from previous
literature that both the adoption context, as well as the timing and extent of
adoption should therefore be differentiated when comparing adoption studies.

To address our research questions, we conduct the first systematic review
of global literature into farmer decision-making and potential drivers and bar-
riers for scaling organic farming (period from 2000 to 2021; 18,129 screened
references, 120 studies and 183 recommendations identified). Based on the
identified studies, we first map the the coverage of current literature and iden-
tify research gaps, i.e. which countries and production systems the current
literature covers, which research questions it addresses, which methods studies
employ for the analysis and where gaps are. Second, we provide an overview of
and categorise the identified evidence-based recommendations for scaling the
adoption of organic agriculture, using a conceptual framework on the farmer’s
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adoption process. We differentiate findings based on categories of recommen-
dations, but also the timing and extent of adoption in the studies. Third, to
account for the potential role of heterogeneous context-specific factors on
study results and recommendations, we merge our data from the literature
review with external data on important environmental and socio-demographic
characteristics, and check for systematic differences in recommendations
across study and production contexts using regression analysis.

Following this, we first provide background on the organic production sys-
tem and develop a conceptual model of farmers’ organic adoption decisions.
Then, we present methods and data, i.e. the detailed steps taken in the sys-
tematic literature review, the external data used and the methods used for the
analysis of results. Next, we present and discuss our results along the lines
of the three main research questions. Finally, we conclude and compare our
results to policies and measures that are currently in place.

2. Background

Organic agriculture focuses on healthy soils, complex crop rotations, ecosys-
tem dynamics and closed nutrient cycles (International Federation of Organic
Agriculture Movements (IFOAM), 2020). It aims at reducing external inputs
(e.g. via a prohibition and substitution of mineral nitrogen fertilisers and
synthetic pesticides) and builds on biological plant protection (International
Federation of Organic Agriculture Movements (IFOAM), 2020). ‘Organic
agriculture’ is codified in a legal framework and many national and pri-
vate label and certification organisations ensure compliance with these legal
requirements (e.g. European Union (EU), 2018, International Federation of
Organic Agriculture Movements (IFOAM), 2023). We focus on the adoption
of ‘certified’” organic farming in our paper.

Farmers willing to produce organically have to follow publicly (on a
national or regional level) or privately codified regulations for farm- or crop-
level management practices and go through a certification process to label their
products ‘organic’ (e.g. European Union (EU), 2018, International Federation
of Organic Agriculture Movements (IFOAM), 2023). This usually entails a 2-
to 3-year conversion period (depending on the organic standard and produc-
tion system) in which the farmers have to follow regulations but cannot yet
label products organic (e.g. European Union (EU), 2018, International Feder-
ation of Organic Agriculture Movements (IFOAM), 2023). Depending on the
country, product and certification body, organically certified products obtain
price premia on markets, compared to conventional produce (e.g. Crowder
and Reganold, 2015). Some regions and countries (e.g. the EU) further sup-
port organic production with subsidies. Price premia and subsidies are often
necessary to make organic farming economically profitable compared to con-
ventional farming (Crowder and Reganold, 2015). This is because organic
production can imply higher production costs and lower yields (Seufert and
Ramankutty, 2017; Meemken and Qaim, 2018). However, increased prices
for organic produce can lead to consumer welfare losses (e.g. Merel, Qin
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and Sexton, 2023). Furthermore, organic farming regulations restrict farm-
ers’ decisions on their farm management and organic farming is usually more
knowledge intensive and requires infrastructure (such as separate logistics and
certification bodies), as well as inputs (such as organic seeds and manure)
that may not be available (e.g. Meemken and Qaim, 2018). Farmers’ adop-
tion decisions for organic agriculture are therefore complex and might depend
on the environmental, institutional and socio-economic context. Organic agri-
culture shows a high sustainability performance on a per hectare basis and
local level while mostly achieving lower yields—its overall welfare benefits
are therefore debated and are context-dependent (Seufert and Ramankutty,
2017; Muller et al., 2017; Meemken and Qaim, 2018; Merel, Qin and Sexton,
2023; Athounton and Henningsen, 2024; Larsen, Noack and Powers, 2024).

2.1. Current state of organic production

In 2021, organic agriculture was practiced in 191 countries and covered 76.4
Mha, that is 1.6 per cent of global agricultural land (Willer, Schlatter and
Travnicek, 2023). Globally, Argentina and Australia are the countries with
the most organic production area, and China, France and Spain show the
biggest growth rate (Willer, Schlatter and Travnicek, 2023). The biggest mar-
kets, measured in absolute sales value, lie in the USA and the EU (especially,
France and Germany). The highest organic market shares are found in Den-
mark (13 per cent) and Austria (11.6 per cent). Together with Switzerland,
Luxembourg and Sweden, they are the five countries with the highest per capita
expenditure for organic food (Willer, Schlatter and Travnicek, 2023). Gener-
ally, there are large differences in the adoption rates of organic agriculture for
different crops and countries, even in the same region (Figure 1). For exam-
ple, in 2021, Austria had an adoption rate of 27 per cent of agricultural land,
while the EU average was at 9.6 per cent (Willer, Schlatter and Travnicek,
2023). Given the gap between ambitious policy targets and current adoption
rates, a systematic review of evidence-based recommendations for solutions
to scale organic farming can support the decision-making of policymakers and
food-value chain actors on suitable policy measures in different production
contexts.

2.2. Conceptual model of farmer adoption decisions

A broad literature on the adoption and diffusion of innovations in agricul-
ture exists (e.g. Sunding and Zilberman, 2001; Kuehne et al., 2017 for an
overview). The focus of our study is on policy recommendations for scaling
organic adoption. In building our conceptual model, we therefore especially
look at previous studies that looked at policy implications for organic adop-
tion of farmers (e.g. Padel, Lampkin and Foster, 1999; Padel, 2001; Wheeler,
2008; Stolze and Lampkin, 2009; Daugbjerg et al., 2011; Jaime, Coria and
Liu, 2016; Rees, Grovermann and Finger, 2023) and synthesise the described
adoption processes from a farmer’s perspective, conceptually, into four steps.
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Fig. 1. Comparison of the global share of organic production and the coverage of adoption studies
reveals research gaps. Note: Distribution of the number of identified studies on the adoption of organic
farming per country (a), average share of organic farmland in overall farmland per country (in %)
between 2000 and 2020 (FiB1, 2023) (b) and production system (c).

GZ0z Ateniged 90 uo Jasn zjeduesing we sauioldid Ad 091+28.2/Z10L/b/1S/o10IE/oBIS W00 dNO"olWapEsE//:SARY WOl POPEojuMOd



1018 N. Mohring et al.

We then use the conceptual model to relate categories of policy recommenda-
tions identified in our literature review to the different steps. The four steps
consist of (i) the choice of the farming system, for example, conventional or
organic agriculture, (ii) the actual production process, (iii) the transport and
processing of produce and (iv) the sale of the produce to consumers.

First, farmers consider which farming system (e.g. organic or conventional
agriculture) to choose. Adopting organic farming first of all requires a general
awareness of the organic farming system (e.g. Padel, 2001). This is especially
relevant in regions with a currently very weak or inexistent organic sector. Fur-
ther, it requires knowledge on the (expected) benefits and costs from adopting
organic farming, i.e. the relative advantage or opportunity costs of adoption.
Second, farmers must adapt and reorganise the management of their farm and
the production process, which requires knowledge and experiences on organic
production and farm management, as well as organic certification (e.g. Stolze
and Lampkin, 2009; Daugbjerg et al., 2011; Jaime, Coria and Liu, 2016). Fur-
ther, it requires infrastructure for the provision of organic production inputs
(e.g. organic fertilisers) and entails transaction costs, such as costs for certifica-
tion bodies and officers (e.g. Stolze and Lampkin, 2009). Third, the transport,
storage and processing of organic products often requires separate infrastruc-
ture and supply chains to valorise the added-value (price premium) of organic
products and guarantee the integrity of the supply chain (e.g. Wheeler, 2008).
Fourth, to sell organic products and gain price premia, an infrastructure for
marketing and sales of organic products is required. Such an infrastructure is
often provided by intermediaries (trading or processing companies), as well
as food service and retailers. Market demand feeds back in the production
process and will affect production decisions of farmers directly through inter-
actions with consumers and intermediaries, or indirectly through price signals
(e.g. Padel, 2001; Stolze and Lampkin, 2009; Daugbjerg et al., 2011). Pro-
cessing and sales (steps three and four) might further be integrated on the
farm-level, for example through direct sales of fresh and processed products
in farm shops or farmer markets. Importantly, we here take a farmer’s per-
spective on the adoption process and focus on farmers adoption decisions
as driven by farm and farmers’ characteristics and behaviour (e.g. Knowler
and Bradshaw, 2007; Dessart, Barreiro-Hurlé and van Bavel, 2019; Schaub
et al., 2023). Literature on the adoption and diffusion of agricultural prac-
tices and policies has repeatedly emphasised the importance of context-specific
factors, e.g. environmental-, market- and institutional conditions (Sunding
and Zilberman, 2001; Knowler and Bradshaw, 2007; Kuehne et al., 2017).
We therefore explicitly account for context-specific factors in our conceptual
framework and empirical analysis. Note that these market, institutional and
environmental conditions are mostly assumed to be exogenous to the farmer,
at a given moment of time, in literature. Finally, the role of timing (early and
late adoption), as well as the extent of adoption (first adoption vs. increasing
or broadening adoption in the farming population) has been identified as cru-
cial in adoption literature (e.g. Sunding and Zilberman, 2001; Padel, 2001;
Rogers, 2003; Lipple and Van Rensburg, 2011; Wigboldus et al., 2016). We
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therefore specifically consider and discuss potential differences in identified
recommendations regarding timing and extent of adoption across studies.

3. Methods and data
3.1. Systematic literature review

We conducted a systematic literature review to synthesise the existing knowl-
edge regarding our pre-defined research question. In our systematic review,
we followed the PRISMA checklist (Page et al., 2021) and pre-registered
the systematic review on December 14, 2021, before starting data collection
(Mohring, Muller and Schaub, 2021). Using a systematic review, rather than,
for example, a narrative review reduces selection and confirmation bias (e.g.
Aromataris and Pearson, 2014; Pae, 2015) and helps to provide a compre-
hensive overview of the existing knowledge. The four steps of our systematic
review were:

(1) defining the research questions,

(2) identifying relevant studies,

(3) critically assessing identified studies and

(4) synthesising recommendations for scaling organic adoption from identi-
fied studies.

3.1.1. Research questions
In our review we addressed the following three research questions:
(i) What are the scientific recommendations to scale-up adoption of (or
establish) organic agriculture, based on empirical evidence?
(i1) Are the recommendations depending on the farming context (referring to
our hypothesis, that reasons and thus recommendations differ across regions)?
(iii) What are the research gaps (e.g. contexts, methods and types of policy
measures analysed) in the literature on the adoption of organic farming?

3.1.2. Search strategy, eligibility criteria and data extraction

We used four databases to identify relevant studies: Web of Science Core Col-
lection (accessed via Web of Science), Scopus (accessed via Elsevier), CAB
direct (accessed via Web of Science) and Google Scholar. We considered these
databases, as they comprise a wide range of journals, and especially those jour-
nals that are relevant to answer our research questions (e.g. Scopus, 2022; Web
of Science Group, 2022).

For identifying the relevant studies in Web of Science, Scopus and CAB
direct, we used search terms related to four categories: (i) the target farm-
ing system (i.e. organic farming), (ii) the sector (agriculture), (iii) the action
(adoption) and (iv) the publication year. See Supplementary Table S1 for an
overview of all search terms used. We complemented the search terms that we
created by using a machine learning algorithm (based on text mining and key-
word co-occurrence) (Grames et al., 2019) (Supplementary Table S1). This
approach reduces potential biases in the search term selection introduced by
researchers’ knowledge and experience (Grames et al., 2019). We searched
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in the title, abstract and keywords of studies (see Supplementary Table S1 for
details). Furthermore, as our focus was on studies on the adoption of organic
farming, we expected that the target system (i.e. ‘organic’) and a search term
reflecting the production sector, i.e. ‘Agriculture’, is included in the papers’
title or keywords. If a study does not exclusively focus on organic farming, it
was not discarded, but only parts related to the findings on organic farming
were considered.

This search strategy resulted in 25,101 references and after removal of
duplicates in 18,129 unique references (Supplementary Figure S1). Two
reviewers independently screened the title and abstract of each of those unique
references and decided about inclusion or exclusion. When the decision was
inconclusive, a third reviewer was consulted. For this step we used the online
software Rayyan (Ouzzani et al., 2016). In all, 270 references were left after
this step. The full-text of all the remaining 270 references was checked inde-
pendently by two reviewers. Finally, we identified 120 relevant studies, of
which 96 studies included policy recommendations. Note that one reference
can include more than one study, for example, when two different countries
were analysed within one reference. In our review, this was the case for two ref-
erences (i.e. we identified 118 relevant references). See Supplementary Table
S2 for an overview of all identified studies. To provide an overview of journal
types and quality, where studies were published, we further indicate if jour-
nals were classified as ‘Economics’ journals, as well as the quartile of their
SCImago Journal & Country Rank (SJR).

Additional to identifying references in Web of Science, Scopus and CAB
direct, we screened the first 100 entries on Google scholar for references from
2000 to 2021, using a simplified Boolean search string (‘organic’ AND ‘adop-
tion” AND ‘farm’ or ‘agriculture’) on the private browser of Firefox (which
does not store cookies, etc.). This was done after we identified studies using the
other databases and did not lead to the identification of any additional studies,
confirming our search strategy.

We considered studies to be relevant for our review based on six eligibil-
ity criteria. (i) Adoption of organic farming: We focused on the conversion
of ‘conventional farmers’ to ‘certified organic farmers’. We included both
observed adoption decisions to adopt and observed preferences or intentions
to adopt. Furthermore, we followed the authors’ definition of ‘organic’ since
the term is codified worldwide. (ii) Production system: We did not restrict
the scope of production systems; however, we differentiated them (e.g. arable
farming or livestock farming) in our analysis. (iii) Region: We did not restrict
the regional scope of the studies. (iv) Method and data: Given the large body
of literature (18,129 screened references), we had to make some choices to
restrict the population of studies we were considering. We included studies
that used quantitative statistical models to assess organic adoption, using pri-
mary and secondary data on actual observed adoption decisions or observed
intentions and preferences to adopt. Thus, we excluded simulation studies and
reviews, in order to arrive at the most ‘conservative’ selection of evidence-
based recommendations, i.e. those that are only based on observed or intended
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decisions of farmers. Further we excluded purely qualitative studies. Restrict-
ing the body of literature to quantitative studies allowed a better comparison
of findings within the population of studies due to a similarity of research
approaches. Further, it allowed us to more easily differentiate if recommen-
dations were based on the original research question and findings of the study
(see Section 3.1.4). (v) Time: We included studies from 2000 to 2021 (date
of data retrieval: 17 December 2021). We focused on the past 21 years of lit-
erature due to the rapid change in global agricultural systems and markets, as
well as scientific literature and methods. (vi) Language and source of the study:
We only included studies published in English and in peer-reviewed journals.
The focus on peer-reviewed studies, i.e. studies reviewed by other independent
researchers, provides an exante quality criterion, which is widely used in liter-
ature reviews (e.g. Poulsen et al., 2015; Gillespie, Van Den Bold and Hodge,
2019; Schaub et al., 2023; Wuepper, Henzmann and Finger, 2023). Note
that we additionally checked for the quality of the study (see Section 3.1.3).
Moreover, focusing on peer-reviewed studies ensures that usually sufficient
information about the studies is available to understand the study set-up and
quality, since they have to meet a set of standard criteria. Importantly, the above
six eligibility criteria led to a rich and diverse set of studies on our research
question.

We then extracted data of the identified studies on (i) study characteristics
and quality (e.g. location, farming type, sample size, method, research design)
and (ii) policy recommendations, following our pre-registration plan (see devi-
ations from the plan in Supplementary Table S3). The data were extracted by
one reviewer and checked by a second reviewer.

3.1.3. Critical appraisal

We critically appraised each of the 120 studies that were identified as relevant
for our review. The critical appraisal was based on the Critical Appraisal Skills
Programme Checklists for qualitative research and randomised controlled tri-
als (Critical Appraisal Skills Programme, 2018, 2020) and Bird et al. (2019).
Specifically, each study was critically appraised for its quality based on seven
criteria: (1) a clear description of study design, (2) a clear description of meth-
ods for data analysis, (3) a clear description of methods measuring outcome,
(4) research design appropriate to address research aims, (5) valid justifica-
tion for choice of study area and participating farmers, (6) whether the results
were described in detail and (7) whether potential biases during selection, mea-
surement and analysis of presented data were examined. For each of the seven
criteria that was met, a point was given to the study. The studies’ scores ranged
from 2 to 7, with a mean of 5.625 (Supplementary Figure S2). We excluded no
study based on the critical appraisal, but checked the sensitivity of our results
to study quality (see the data analysis section below).

3.1.4. Synthesising results
After collecting the data, we screened the policy recommendations and
grouped them into categories that provide different actionable leverage points
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for food-value chain actors and policymakers. Our goal was to assign all
distinct types of recommendations emerging from the literature to separate
categories and align them with our conceptual model of the farmers’ organic
adoption process (Figure 2). This resulted in the five categories ‘awareness
and knowledge’, ‘infrastructure and transaction’, ‘supply chain and markets’,
‘cooperation’ and ‘public policies’. Next, we constructed five binary variables
indicating whether a study included a recommendation in the respective cat-
egory. Importantly, to ensure quality of recommendations we checked if (i)
recommendations were related to the research question stated in the paper in
the first place, and (ii) if they were based on the empirical findings of the study.
We then excluded all recommendations that did not meet both criteria. In all,
20.4 per cent of the initial recommendations were excluded. Further, we check
heterogeneity of responses not only with regard to type of recommendation
but also study design. Specifically, we differentiate studies that focus on adop-
tion in a given region and point in time vs. studies that focus on increasing
or broadening adoption over time and space. The latter specifically include
studies that follow up on adoption over time using panel data, studies conduct-
ing duration analysis and studies conducting spatial analyses. The full dataset
resulting from the systematic review is openly available (M6hring, Muller and
Schaub, 2024.

3.2. Data preparation and overview

We then merged the variables from the systematic literature review with exter-
nal data on the production context of the studies. External data was merged
based on the country and year of the study. The year was defined as the last
year of the data included in the studies (relevant for studies with explanatory
variables over several years). When authors did not indicate the time when
their data were collected, we assumed that the data collection ended 2 years
prior to publication. Further, for some time-variant variables single years were
missing. To address this issue, we used linear interpolation to fill these gaps.
Additionally, we used the information from the earliest available year when
the sample of a study began before the first available year of the time-variant
explanatory variable. For some countries some explanatory variables are miss-
ing. We supplemented the information about Taiwan for GDP per capita and
share of rural population using information from the CIA (2023) and World-
meter (2023), respectively. We provide a detailed overview of all data used for
the analysis in Table 1.

3.3. Data analysis

We first conduct descriptive analyses on the number of recommendations in
each of the five categories and then synthesise results, i.e. main findings of
studies in each category. We further differentiate findings between studies that
assess adoption for a specific time and locations vs. studies that assess scaling
of adoption across time or space.

We then assess how far recommendations are context-specific (see
background section above and ‘heterogeneity hypothesis’ in pre-registration
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Adoption context and stage

Environmental conditions » Adoption timing
Institutions » Geographic coverage
« Market conditions
| 2

Awareness & Knowledge

Categories of
identified
recommendations

Infrastructure & Transaction

Adoption
Process » » >

Extent of global 0 o a
scientific evidence _
Awareness & Knowledge Cooperation  Infrastructure &  Supply Chain & Public
Transaction Markets Policy

Fig. 2. The organic adoption process and global recommendations for the adoption of organic farming.
Note: We present the adoption of organic agriculture from a farmer’s perspective starting from (i) the
choice of the farming system, to (ii) the production process, (iii) the transport and processing and (iv)
the sale of organic produce (in grey). We summarise the global scientific evidence on recommendations
for scaling organic farming in five distinct categories and match them with the different steps of the
process: The category ‘awareness and knowledge’ (blue, 77 identified recommendations) includes
measures to raise the general awareness of the existence of organic agriculture and improve the
knowledge of practices and (expected) costs and benefits; the category ‘cooperation’ (green, 8
identified recommendations) includes recommendations for farmer-to-farmer co-operations, mostly
for production; the category ‘infrastructure and transaction’ (yellow, 11 identified recommendations)
includes recommendations to improve agricultural or general infrastructure for production, transport
or processing and reduce transaction costs; the category ‘supply chain and markets’ (red, 26
identified recommendations) includes recommendations for supply chain and market-level measures
important for farmer’s adoption decisions; and the category ‘public policies’ (rose, 60 identified
recommendations) includes all recommendations that specifically address public policies (command
and control, cross compliance, market- and information-based) to scale up organic farming. Note that
some recommendations may fall into two categories. Recommendations depend on the production
context, such as environmental and growing conditions, institutions and market conditions, as well as
the stage of adoption, e.g. timing and geographic coverage.

plan (Mohring, Muller and Schaub, 2021)). Previous literature in the field, for
example, on determinants of the adoption of conservation agriculture and par-
ticipation in agri-environmental schemes, found no consistent links between
contextual variables and adoption decisions (e.g. Knowler and Bradshaw,
2007; Lastra-Bravo et al., 2015; Tyllianakis and Martin-Ortega, 2021; Swart
et al., 2023)—but it also did not empirically check for such differences.> We

3 Note that contrary to our review, previous reviews in the field of sustainable agriculture (not
focussing on organic farming) (e.g. Knowler and Bradshaw, 2007; Lastra-Bravo et al., 2015;
Dessart, Barreiro-Hurlé and van Bavel, 2019; Tyllianakis and Martin-Ortega, 2021; Schaub et al.,
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therefore follow an explorative approach in our analysis and do not impose
specific restrictions on variable choice before the analysis.

We use multiple linear regression models to analyse the context-dependence
of recommendations for organic adoption:

Yiz =Bo+ B X; +e;, (1

where y is a binary variable indicating whether a recommendation in cate-
gory z was given in study i, X is a vector of explanatory variables (presented
in Table 1) and e is the error term. For each of the five categories of recom-
mendations identified in the literature review, we run a separate regression
model. Moreover, in our main regression analysis we only include studies
with at least one recommendation. We focus on those studies in the main
regression analysis, as studies without any recommendation (i) might over-
look specifying policy conclusions at all or (ii) are studies that focused on a
methodological contribution and, therefore, did not focus on providing policy
recommendations.

Further, we conduct a set of robustness checks. First, we check the sen-
sitivity of our results to model choice. To this end, we use a non-linear (i.e.
a logistic model) instead of a linear model.* Second, we consider alternative
classifications of our recommendation categories. Specifically, we divided the
category ‘awareness and knowledge’ into the two categories ‘awareness’ and
‘knowledge’. We only perform this sensitivity analysis for the ‘awareness and
knowledge’ category, as such a split would have led to very small samples for
the other sub-categories (Supplementary Table S4). Third, we check robust-
ness with regard to quality of the studies: (i) we only consider studies with
a quality score of six or higher out of seven possible points (Supplementary
Figure S2) and (ii) we only consider studies that rank in the top first quar-
tile within their respective discipline, using the SJR (Supplementary Table
S2).° Fourth, we also include studies in our analysis that formulated no policy
recommendation. Fifth, we additionally check if the context-dependence of
recommendations differs for studies that focus on adoption in a given region
and point in time vs. studies that focus on increasing or broadening adoption
over time and space. Finally, our descriptive analysis highlights the impor-
tance of understanding smart mixes of policy measures. To identify which
types of policy mixes were recommended by studies, we conduct a hierar-
chical agglomerative cluster analysis based on a Gower distance measure,
which accounts for the binary nature of our data (i.e. 1/0 if recommenda-
tion was given) (Gower, 1971). Running the cluster analysis, we find that

2023; Swart et al., 2023; Sander et al., 2024; Schulze et al., 2024) did not empirically assess the
differences in the production context across studies.

4 We only run these models for the categories ‘awareness and knowledge’, ‘public policies’ and
‘supply chain and markets’ as other categories of recommendations were only relevant for few
studies, leading to incidental parameter problems in the non-linear estimations.

5 Note that (i) one journal can belong to several disciplines, we used the highest-ranking quantile,
and (ii) we used the median quantile between 2000 and 2021.
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1026 N. Mohring et al.

a cluster number above three yields clusters with fewer than ten observa-
tions; to ensure interpretability of results, we therefore opt for three clus-
ters.® After identification of the clusters, we again assess context-dependent
variables related to the clusters of recommendations, using regression
analysis.

4. Results and discussion
4.1. Mapping global research on the adoption of organic farming

We identify 120 peer-reviewed studies on farmer adoption decisions of organic
agriculture in our systematic literature review. The number of identified studies
increased over time (i.e. with the year of publication, period 2000-2021 cov-
ered, Supplementary Figure S3), highlighting the growing policy relevance of
organic production. Most of the studies were published in journals that did not
cover explicitly economic topics (N = 73) (Supplementary Table S2) and most
studies were published in journals that were ranked in the first (N = 48) or sec-
ond quartile (N = 34; Supplementary Table S2) within their (best) discipline,
following SJR.

To compare the global distribution of organic farming and research on its
adoption, we map the number of studies per country and production system
and compare it with the global distribution of organic production measured
as the average share of total agricultural land per country between 2000 and
2020 (Figure 1). We also provide a comparison with an alternative mea-
sure of organic market maturity, i.e. total organic farmland in hectares, in
the Appendix (Supplementary Figure S4). The comparison shows important
research gaps, in terms of geographic and production system scope. The USA,
parts of South-East Asia and Europe (a very important region in terms of
policy goals and adoption rates) have received considerable attention in the
literature. However, we find important literature gaps in the geographic cover-
age of studies. Canada, South America and Oceania have received very little
attention, despite their relatively large share of organic production. Notably,
these regions comprise important exporting countries (Willer, Schlatter and
Travnicek, 2023). Furthermore, studies in regions with very low adoption,
such as Africa and central Asia (only Turkey is covered well and has a high
organic share for some products) are missing. When we zoom in on Europe,
with its ambitious policy targets to increase organic farming, we find a higher
number of studies in Northern, Central and Southern Europe than in East-
ern Europe, matching the higher current adoption rates of the former regions
(Supplementary Figures S5 and S6). Adoption rates in Eastern Europe are low,
but also studies on the adoption of organic agriculture are missing. Generally,
in terms of production systems, existing studies have a focus on horticulture
and agriculture in general (studies that do not differentiate between production

6 For example, a cluster size of four would yield cluster sizes of 44, 38, 10 and 3, whereas a cluster
size of three yields cluster sizes of 47, 38 and 10.
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systems). In contrast, specific studies on arable (except for Asia) and livestock
production systems (except for Europe) are underrepresented.

A variety of methodological approaches to assess farmers’ adoption deci-
sions of organic agriculture are being used in the identified studies (Sup-
plementary Figure S7). They range from binary choice models to duration
analysis, structural equation models and spatial regression analysis, as well as
different methods for causal inference. Importantly, methods and data used are
key to the study design, and are thus indicative of which type of research ques-
tions studies may (or may not) respond to. Linear regression and binary choice
models with cross-sectional data based on agricultural census or surveys are
the most common approaches (N =75), allowing a ‘snapshot in time’ on adop-
tion decisions and potential drivers. While most studies work with data on
observed decisions of farmers, organic farming might not have been adopted
in some regions and for some production systems yet. For these cases, we
find studies using survey data on hypothetical choices of farmers (intentions
to adopt), which are analysed with linear regression analyses or using con-
structs like the Theory of Planned Behavior (Ajzen, 1991) in combination with
structural equation modelling (N = 7). Further, it is of interest how farmers’
adoption decisions change over time and space. We find that studies approach
the question of change over time by focusing on entry vs. exit decisions of
farmers. This is most often done with duration analysis based on single sur-
veys of farmers’ decisions (N = 6). Changes over space were approached using
spatial regression models, mostly based on aggregate spatial data, for example
adoption rates per year and country (N = 14). Finally, we explicitly differenti-
ate studies that aim to identify causal effects, exploiting, for example, changes
in policies or (other) exogenous variations over time and space (N = 10). We
identify three important methodological and data gaps in the existing literature:
a lack of (i) studies that assess changes in adoption over time, (ii) approaches
that allow a causal interpretation of results and (iii) considerations of changes
in prices and demand affecting farmer decision-making.

First, only a few studies analyse changes in adoption over time. However,
literature on the adoption and diffusion of innovations has clearly established
that adoption decisions change over time, i.e. the state of diffusion of an
innovation (e.g. Sunding and Zilberman, 2001; Rogers, 2003), for example
between early and late adopters. Studying adoption decisions and their drivers
in a given region and production system over time therefore seems essential
to give reliable recommendations on establishing and adapting appropriate
policies. It therefore constitutes an important literature gap. Establishing such
studies and data is often conflicting with incentives and financing of research
opportunities, but should be a priority given the ambitious policy goals.

Second, only very few studies claimed to, for example, account for endo-
geneity and selection bias to analyse causal mechanisms, sometimes exploiting
natural experiments in the form of policy changes over time, but sometimes
only using variation over time in panel data or instrumental variables for
identification (Kumbhakar, Tsionas and Sipildinen, 2009; Kirchweger and
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Kantelhardt, 2015; Jaime, Coria and Liu, 2016; Ma et al., 2017). Implement-
ing causal assessments of drivers of organic adoption is not always possible,
due to the lack of data quality and quantity (e.g. El Benni, Grovermann and
Finger, 2023). However, studies using ‘in-field’ experimental approaches,
such as randomised control trials, have widely gained traction in the field of
economics in the past years, also in complex systems (such as agriculture) (e.g.
Ferraro, Sanchirico and Smith, 2019), and it seems surprising that no study on
the adoption of organic agriculture using these methods so far exists. Given
the ambitious policy targets, there is a need for more causal approaches on
organic adoption to supply evidence-based recommendations to policymakers
and food-value chain actors. Moreover, most of the identified adoption stud-
ies were very broad and explorative in terms of the scope of their research
question. We find a lack of studies that explore and quantify specific adop-
tion mechanisms or combinations in-depth, which is important to improve and
target policy advice. Additional to the creative use and combination of dif-
ferent data sources, this can be done using appropriate statistical approaches.
Potential tools for this are available and readily implemented in software: for
example, controlling for quality and sensitivity of results due to omitted vari-
able or sampling bias (e.g. Oster, 2019, Diegert, Masten and Poirier, 2022,
Broderick, Giordano and Meager, 2020 and Dakpo, Desjeux and Latruffe,
2022).

Third, almost no study considers how changes in prices and demand affect
farmer decision-making. We find that this is not due to a lack of findings, but
already extends to the general scope or design of studies, which mostly do not
cover such effects. However, developments of organic markets and consumer
demand (e.g. Katt and Meixner, 2020) may become particularly relevant in the
long-term and for ‘entries and exits’ from organic farming (if demand and price
premia decrease or vary). The relevance of such considerations is highlighted
in the recent context of a boost of organic consumption in some places dur-
ing the global pandemic (e.g. Willer, Schlatter and Travnicek, 2023)—as well
as recently rising food prices and inflation and stalling or decreasing sales of
organic products in some countries (European Commission (EC), 2023). Lind-
strom, Lundberg and Marklund (2020) for example show how demand-side
(public procurement) policies can increase farmers’ organic adoption.

4.2. A synthesis of evidence-based recommendations for scaling
organic farming

We identified 120 studies with 183 recommendations in our systematic review.
We grouped those 183 recommendations based on the similarity of suggested
measures into five distinct groups of actionable leverage points for food-value
chain actors and policymakers to support the adoption of organic agriculture.
We then aligned these five categories with our conceptual model of the adop-
tion process to show at which point of the adoption process they intervene
typically (Figure 2). Most recommendations fall in the categories of ‘aware-
ness and knowledge’ (77) and “public policies’ (60), whereas a considerably
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smaller number of recommendations was identified in the categories ‘supply
chain and markets’ (26), ‘infrastructure and transaction’ (11) and ‘coopera-
tion’ (8). Further, most of the identified recommendations focused on the first
two steps of the adoption process, i.e. the choice of the farming system and the
reorganisation of farm management and production. Following this, we syn-
thesise recommendations for each of the categories.” See Supplementary Table
S4 for a complete overview of all identified recommendations per category and
subcategory.

First, we identify recommendations to improve (i) the general awareness
and attitude towards organic farming, (ii) the knowledge of the costs and ben-
efits of organic farming and (iii) the capacity to implement organic farming
practices. We summarise them in the category ‘awareness and knowledge’.
The identified studies find that awareness and capacity-building measures, for
example information about the potential costs and benefits of organic vis-a-vis
conventional farming, can improve the willingness to adopt organic production
(e.g. Hattam, Lacombe and Holloway, 2012; Torres and Marshall, 2018; Yaz-
danpanah ef al., 2022), especially in regions with low adoption rates. Further,
there is a broad range of studies showing that providing (more) information
and extension service for organic production can reduce barriers for adoption
(e.g. Kleemann, Abdulai and Buss, 2014; Lampach, Nguyen-Van and To-The,
2020; Sharma and Pudasaini, 2021). This is related to the higher complexity of
organic management practices and the need to adapt these to the local context
and production system (requiring new extension services).

The second category of identified recommendations focuses on improving
farmer—farmer ‘cooperation’, for example through membership in networks,
co-operatives or producer groups. Studies show that farmer—farmer cooper-
ation can improve the awareness and perception of organic agriculture, as
well as the availability of organic inputs, and can support farmers in learn-
ing and improving organic practices in context-specific settings (e.g. Wollni
and Andersson, 2014; Lampach, Nguyen-Van and To-The, 2020).

Third, we identify recommendations for the provision and improvement
of general and organic farming-specific infrastructure and the reduction of
transaction costs. Studies show that access to labor markets, the availability
of organic inputs, a basic agricultural infrastructure and access to internet and
mobile phones are necessary conditions for the development of an organic sec-
tor (Bravo-Monroy, Potts and Tzanopoulos, 2016; Badu-Gyan et al., 2019).
Further, access to contract farming, as well as processing and marketing infras-
tructure can help to increase organic adoption (e.g. Khaledi et al., 2010, To The
and Nguyen Tuan, 2019).

Fourth, we identify recommendations at the ‘supply chain and market’ level
to improve farmer uptake of organic agriculture. They include the establish-
ment of new, and the improvement of (and access to) existing organic markets,

7 Note that in our synthesis we reflect all recommendations but for examples mainly focus on
publications from Q1 and Q2 journals (according to SJR). See Figure 2, Supplementary Figure
S8 and Supplementary Table S4 for a complete overview of all identified recommendations.
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as well as establishing organic price premia, for example, through improv-
ing consumer awareness and export markets (e.g. Digal and Placencia, 2019;
Allaire et al., 2015). Furthermore, recommendations in this group include
(improving) the access to organic certification and the reduction of transaction
costs of organic certification, for example, through the increased availability of
certification bodies, or farmer support and education (Veldstra, Alexander and
Marshall, 2014; Badu-Gyan et al., 2019). Moreover, some studies recommend
the development of integrated supply chains and marketing channels, as well
as the provision of on- and off-farm risk management instruments to increase
organic adoption (e.g. Serra, Zilberman and Gil, 2008; Sauer and Park, 2009;
Heinze and Vogel, 2017). Given its potential importance for farmer decisions
to scale up organic agriculture (see section above), we generally identify few
studies on the effect of demand-side effects and resulting changes on farmer
decision-making, for example through price changes (price premia).

Fifth, we identify studies that provide recommendations on public policies
that can improve organic adoption. The identified public policy measures have
a broad scope, spanning along the entire adoption process (Figure 2). They
include the introduction and improvement of farm-level economic incentives,
such as area-based subsidies for conversion to and maintenance of organic agri-
culture, tax subsidies for conversion periods, subsidies for organic inputs and
agri-environmental schemes (e.g. Kumbhakar, Tsionas and Sipildinen, 2009;
Skolrud, 2019; Lampach, Nguyen-Van and To-The, 2020), access to credits
and investment support (e.g. Djokoto, Owusu and Awunyo-Vitor, 2016; Kirch-
weger and Kantelhardt, 2015)—but also the abolishment and re-alignment of
the existing economic disincentives (e.g. Jaime, Coria and Liu, 2016; Chen,
Saghaian and Tyler, 2020). Disincentives comprise tax advantages for con-
ventional inputs, general production subsidies or trade-offs between existing
policy schemes. Further, studies find that demand-side policies, such as pub-
lic procurement of organic produce have positive effects on the adoption of
organic production (Lindstréom, Lundberg and Marklund, 2020). Other rec-
ommended policy measures include broader measures, such as the support
of structural change and R&D, as well as landscape-level approaches for
organic policies (e.g. organic production landscapes, Parker and Munroe,
2007; Mayen, Balagtas and Alexander, 2010). Moreover, identified studies
not only recommended the introduction of novel policy measures but also to
differentiate existing policies along spatial or farm and farmers characteris-
tics, in order to make them more effective and efficient (e.g. Schmidtner et al.,
2012; Bui and Nguyen, 2021). The latter is especially relevant in more estab-
lished organic markets with a tradition of policy support, such as the EU.
Relevant characteristics for differentiation included spatial clusters of adoption
rates, production potential or environmental conditions, as well as farm size,
education, gender, opportunity costs or openness to innovation. Further, the
importance of stable and reliable policies combined with continuous support
through education and knowledge transfer is emphasised to prevent farmers
from exiting the sector (e.g. Sauer and Park, 2009; Kuminoff and Wossink,
2010).
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Importantly, some studies highlight the importance of ‘smart mixes’ of mea-
sures to increase adoption of organic farming. For example, Chatzimichael,
Genius and Tzouvelekas (2014) recommend, for organic farming in Germany
and Greece, combining subsidies (relevant for late adopters) with information
provision (e.g. extension creating information cascades—for early adopters),
as they would not be efficient alone. Lampach, Nguyen-Van and To-The (2020)
show for organic tea production in Vietnam that organic subsidies should be
combined with the provision of extension services and the support of (exist-
ing) farmer associations. Bravo-Monroy, Potts and Tzanopoulos (2016) find
for coffee in Colombia that the farm and business management skills of farmers
should be supported together with social programmes and extension services
that strengthen farmers’ negotiation power and access to technologies.

Finally, we specifically look at recommendations of studies that assess
changes in adoption over time and space. These included 22 out of the 120
studies, with 28 recommendations. Most of the studies that look at changes
in adoption over time fall in the category of duration analysis, i.e. looking
at determinants of entry and exit decisions of organic farming. Interestingly,
these studies especially emphasise the important role of targeted education and
information and market conditions. They highlight the importance of organic
extension and information (networks) targeted at potential adopters for entry
decisions, but also in the transition phase from conventional to organic farm-
ing to prevent ‘early exits’ (Burton, Rigby and Young, 2003; Lépple, 2010;
Allaire et al., 2015, Dapaah Opoku et al., 2020). They further emphasise the
need for stable market conditions, access to certification and export markets in
combination with specialisation and targeting of extension services to specific
farmer groups, crops, or environmental contexts, using tailored information
channels, to prevent exits from the sector (Ldpple, 2010; Pornpratansom-
bat, Bauer and Boland, 2011; Heinze and Vogel, 2017). Studies focusing on
changes over space mostly look at changes in the aggregate share of organic
adoption in geographic areas (such as counties or regions). They emphasise
the importance of neighbourhood effects and increasing these farmer—farmer
interactions for adoption, for example through regional organic clusters or
organic landscapes—but also find that such conclusions are region-specific
(Parker and Munroe, 2007; Schmidtner et al., 2012; Wollni and Andersson,
2014; Lapple and Kelley, 2015; Boncinelli, Riccioli and Casini, 2017). This
is in line with recent research in Ecology, confirming that a higher concen-
tration of organic farming in the landscape can support pest management of
organic farms (Larsen, Noack and Powers, 2024). Further, they highlight
the importance of policies that differentiate for the heterogeneous opportu-
nity costs of farmers across different geographic regions in a country (Taus,
Ogneva-Himmelberger and Rogan, 2013; Bonfiglio and Arzeni, 2019).

The analysis in this section is descriptive and provides an overview over
recommendations, but does not assess how the varying study contexts or the
stage of adoption relate to the type of recommendation given. In the next step,
we account for important contextual factors and analyse how they relate to the
type of recommendation given, using regression analysis.
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4.3. Context-dependence of recommendations for scaling organic
farming

The identified recommendations for scaling organic farming vary over the
production context in which studies are conducted. We use regression anal-
ysis to study systematic differences in recommendations across the different
production contexts (Figure 3). To this end, we combine information from
the literature review with external, country-level data on the maturity of the
organic sector, and on important agricultural, environmental-, institutional-
and socio-economic characteristics. In the regression analysis, we selected
explanatory variables that cover important factors for organic adoption related
to agricultural and environmental conditions (i.e. including organic share,
production value per area and potential pest damages), and the institutional
and socio-economic development (GDP per capita, share of food exports,
rural population share, education and broadband subscriptions; with the lat-
ter being a commonly used infrastructure proxy (e.g. World Bank Group,
2023b) of study regions. See methods and data for a detailed description of
data sources, matching procedures and estimation methods. The descriptive
analysis revealed the importance of policy mixes. We therefore not only assess
contextual factors relevant for distinct groups of recommended measures but
also for relevant mixes of measures, using cluster analysis. Following this,
we synthesise results from the regression analysis, focusing on the contextual
factors most consistently linked to policy recommendations.

First, we find that the maturity of the organic sector in a country is associ-
ated with the recommended category of measure to scale up organic adoption.
More specifically, we find that when the share of organic agriculture is low,
increasing ‘awareness and knowledge’ is recommended (regression coefficient
[95 per cent confidence interval] =—0.15 [-0.26, —0.04]). Indeed, when the
organic sector is not yet or newly established, farmers might simply not be
aware (enough) of organic farming and its potential costs and benefits—or
general information is lacking about how to adopt organic farming. This can,
for example, in less mature organic markets, make information campaigns by
extension services about the benefits of organic farming and advice on how to
adapt it more important (see the previous section). Furthermore, we find that
when the organic sector is already more mature, studies more often recommend
‘public policies’ to increase the adoption of organic farming (regression coef-
ficient [95 per cent confidence interval] = 0.18 [0.04, 0.31]). This might relate
to a need for subsidies to offset higher opportunity costs of late adopters, or to
the necessary adaptation of (long-) existing policy measures in more mature
markets (see the previous section).

Second, we find that the type of recommendation given is related to agri-
cultural productivity (production value per area). When productivity is higher,
studies rather recommend increasing organic adoption via farmer—farmer
‘cooperation’ (regression coefficient [95 per cent confidence interval] = 0.07
[0.01, 0.13]). A possible explanation for this is that when productivity is high,
the opportunity costs of changing agricultural practices are also higher (ceteris
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Fig. 3. Relation between context specific characteristics and the type of recommendation given for
the adoption of organic production—across all studies worldwide. Note: We here report results
from multiple linear regression analysis. We run separate analyses for each of the five categories
of recommendations. Colours indicate the different categories: ‘awareness and knowledge’ (blue),
‘cooperation’ (green), ‘infrastructure and transaction’ (yellow), ‘supply chain and markets’ (orange)
and ‘public policies’ (mauve). We include all studies with at least one recommendation (only
recommendations linked to the research question of the study considered): N=95. White cycles
represent point estimates of regression coefficients. Light and dark coloured bars show the 90 per
cent and 95 per cent confidence intervals from two-sided #-tests against the null hypothesis of zero
regression coefficients, respectively. The y-axis indicates the independent variable and the x-axis the
magnitude of the estimated regression coefficient. For the analysis, we scaled all continuous variables,
so that they have a mean of zero and standard deviation of one.
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paribus; see, e.g. Schaub et al., 2023 for an extensive discussion on farmers’
opportunity costs). Farmer—farmer cooperation may then become an effec-
tive lever to reduce opportunity costs. In contrast, when productivity is lower,
increasing (i) ‘awareness and knowledge’ (regression coefficient [95 per cent
confidence interval] =-0.11 [-0.21, 0.01]) and (ii) ‘infrastructure and transac-
tion’ (regression coefficient [95 per cent confidence interval] =—0.08 [-0.16,
—0.01]) is more often recommended.® We interpret these findings as an indica-
tion that the (agricultural) training of farmers and (agricultural) infrastructure
(such as the availability of trained labour or organic seeds and manure) consti-
tute two of the main barriers for scaling organic farming in production contexts
with an overall low productivity. We conduct several robustness checks for
our main analysis on the global data (Figure 3). We find that the main results
described above are robust to excluding studies with ‘low’ quality (based on
the quality scores and SJR journal ranking), different model specification
(i.e. linear vs. non-linear models) and inclusion of studies with zero policy
recommendations (Supplementary Figures S10, S11, S12 and S13, respec-
tively; see Material and Methods for details). An exception are awareness and
knowledge-related recommendations not being related to agricultural produc-
tivity anymore, when only considering journals in the first- and second-ranking
quantile with their respective field.” Moreover, when using two separate cat-
egories for ‘awareness’ and ‘knowledge’, instead of one, we observe similar
results for the maturity of the organic sector and agricultural productivity (Sup-
plementary Figure S14). Further, we find that studies which assess changes
in adoption over time and space (looking at scaling) do not differ from the
other studies regarding most aspects. Interestingly, they are though more
likely to recommend supply chain and market-based measures, which confirms
evidence from the descriptive analysis (Supplementary Figure S15).

We conduct a second analysis that specifically focuses on Europe, as a study
region with a high organic share and important organic adoption targets and
policies, and compare results with our global analysis. Note that the sample
size is considerably smaller (N = 38) than in our main analysis (N =95), and
we thus have less statistical power. Further, we find that no farmer—farmer
cooperation-related recommendations are given in Europe. When we look
at results, the changes for infrastructure and transaction-related recommen-
dation, as well as public policy-related recommendations are most notable
(Supplementary Figure S16). For example, we find that when only considering
European studies, lower wealth (i.e. GDP per capita) is more clearly linked to
suggesting infrastructure and transaction-related recommendations (regression
coefficient [95 per cent confidence interval] =-0.33 [-0.57, —0.09]), while
for education (regression coefficient [95 per cent confidence interval] = 0.05
[-0.11, 0.21]) and pest pressure (regression coefficient [95 per cent confidence

8 Note that in general only a limited number of studies recommended measures related to infras-
tructure and transaction, as well as cooperation (Supplementary Figure S9), which suggests that
the results for those categories should be interpreted with caution.

9 Using the quality scores robustness check, the agricultural productivity also seems to matter for
when public policy-related recommendations are given.
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interval] =-0.07 [-0.21, 0.06]), the associations become less clear. For pub-
lic policy-related recommendations, we find a clearer negative association
with rural population shares (regression coefficient [95 per cent confidence
interval] =-0.42 [-0.77, —0.07]) and a less clear positive association with
maturity of the organic sector (regression coefficient [95 per cent confidence
interval] = 0.08 [-0.05, 0.21]) and infrastructure (i.e. broadband subscrip-
tions; regression coefficient [95 per cent confidence interval] =0.21 [-0.05,
0.47]) compared to the main analysis. Thus, our analyses suggest that many
findings from the global analysis also hold for the European subsample. How-
ever, relevant indicators for choosing suitable policy measures might differ
between European- and non-European studies. For example, as European agri-
cultural infrastructure is comparably good on global levels, the share of rural
population might be a more relevant indicator for choosing policy measures.

Finally, we assess important characteristics for choosing policy mixes. We
identified three relevant policy mixes in our cluster analysis: (i) ‘policy mixes
with a focus on awareness and knowledge’, (ii) ‘policy mixes with a focus on
public policies’ and (iii) ‘policy mixes with a focus on supply chains, markets
and public policies’ (Supplementary Table S5). We again find that maturity of
the organic sector in a country and agricultural productivity (production value
per area) are important indicators for the type of policy mix recommended
(Supplementary Figure S17). Specifically, a policy mix with a focus on aware-
ness and knowledge is especially recommended when organic maturity and
agricultural productivity are low (regression coefficient [95 per cent confidence
interval] = —-0.15 [-0.28, —0.02] and regression coefficient [95 per cent confi-
dence interval] = —0.12 [-0.23, —0.01], respectively). In contrast, a policy mix
with a focus on public policies is especially recommended when organic matu-
rity and agricultural productivity are high (regression coefficient [95 per cent
confidence interval] =0.17 [0.04, 0.] and regression coefficient [95 per cent
confidence interval] = 0.13 [0.02, 0.25], respectively).

5. Conclusion

Increasing the share of organic agriculture is a major policy goal in several
countries worldwide. Evidence-based information is crucial in supporting pol-
icymakers, and supply chain actors to choose effective and efficient support
measures and guide future research for achieving these goals. However, an
overview of the literature and a synthesis of recommendations for scaling the
adoption of organic agriculture is currently lacking. In this paper, we present
the first global, systematic review of literature on the adoption of organic agri-
culture. We (i) map research gaps in terms of geographic, production system
and methodological scope, (ii) provide a systematic and detailed overview
of recommendations for scaling the adoption of organic farming, and (iii)
assess which context-specific characteristics of the production system mat-
ter for the choice of support measures. Our analysis provides a basis for a
better understanding of farmer’s adoption processes of organic agriculture,
supports policymakers and food-value chain actors in selecting effective and
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efficient measures for scaling organic farming and provides entry points for
future research.

Our recommendations for future research can be summarised as follows.
First, despite the large body of literature, there are substantial research gaps on
organic adoption, in terms of geographic and methodological scope, as well as
arestricted focus on certain parts of the farmer adoption process and its poten-
tial drivers. On a global level, future research should take a concerted effort
to close current gaps in the geographic coverage of adoption studies, espe-
cially in areas that are currently understudied given their importance, such as
Eastern Europe, but also Africa, as well as North and South America. Sec-
ond, studies that account for the influence of changing price or demand levels
on decision-making of farmers are lacking. Future studies could, for exam-
ple, systematically exploit changes in demand-side policies, such as public
spending on organic products (e.g. Lindstrom, Lundberg and Marklund, 2020),
to consolidate evidence on supply-side effects of such measures. Our find-
ings support that supply chain and market measures are especially relevant
for scaling up the adoption of organic agriculture by farmers. More gener-
ally, studies on farmer decision-making (supply side) and the demand side are
currently often disjointed in literature. Combining theory and data on farmer
decision-making with insights on organic markets (e.g. Li et al., 2024) could
deliver important insights (e.g. Bellemare, Bloem and Lim, 2022), for example
on combined supply- and demand-side policies and resulting welfare effects
(Merel, Qin and Sexton, 2023). Third, we find that only a handful of studies
chose a research design that can account, for example, for endogeneity and
selection bias, and thus make causal claims about identified adoption mech-
anisms. Research design of future studies should allow for causal inference
and a detailed investigation of underlying adoption mechanisms, which is key
for robust policy advice. Several methodological tools and a broad literature
discussing the set-up of such studies exist (e.g. Ferraro, Sanchirico and Smith,
2019 for an overview). Fourth, changes in adoption decisions over time have
been identified as critical in the literature on the adoption and diffusion of
innovations but we find that they are scarcely considered in organic adoption
literature so far. A better understanding of how to scale organic farming would
require more studies that assess changes in adoption over time and space.
Fifth, we find that the great majority of the studies were very broad and explo-
rative in their scope i.e. focusing on general determinants of organic adoption.
Advancing research on scaling organic adoption would require more studies
that explore and quantify specific adoption mechanisms or combinations in-
depth, which is important to improve and target policy advice (e.g. Schaub
et al., 2023). With regard to points three to five, the lack of studies could be
related to the fact that they require more costly and long-term structures that
are not in line with the current funding and incentive structures for research. In
order to close research gaps, such types of studies must be financed, feasible
and rewarded and should be a priority for funding bodies investing in assessing
challenges for scaling organic farming.
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We further identify several recommendations for policy. First, we pro-
vide the first synthesis of evidence-based recommendations for supporting the
adoption of organic farming. Our results provide policymakers and food-value
chain actors with a detailed overview of all identified recommendations in liter-
ature and categorise them into different, actionable types of interventions. We
then discuss which types of policy measures can target different stages of the
adoption process and how they can be combined to provide ‘smart-mixes’ of
measures. Our results thus support policymakers and food-value chain actors
in choosing and adapting (bundles of) suitable support measures to scale up
organic farming. Second, our analysis suggests that the production context
matters for the choice of measures supporting the uptake of organic produc-
tion. We especially identified that the maturity of the organic sector and the
agricultural productivity are key characteristics along which support strate-
gies should be adapted. This is currently often not the case. We further find
that, although specific indicator variables might differ, results on important
context-specific factors for our global analysis also hold when we restrict it to
the subsample of studies with a focus on Europe. Third, when we compare the
recommended measures identified here from literature to the types of policies
that are currently in place (e.g. Lampkin and Sanders, 2022; Rees, Grovermann
and Finger, 2023 for an overview), it is most striking that current policies often
strongly focus on payments for conversion to and maintenance of organic farm-
ing (e.g. Lampkin and Sanders, 2022), while findings from literature suggest
a number of other measures besides those, to be—of at least equal impor-
tance. These include tailored extension and information, as well as regionally
specific measures and market-based measures, but also the dismantling of dis-
incentives from other policies. The Organic Action Plans that many countries
and regions have formulated and partly adopted provide the opportunity to
diversify and contextualise these measures. The nature of such action plans
varies widely, but they are usually seen as important guidelines for the devel-
opment of the organic sector (Meredith, Lampkin and Schmid, 2018). Recent
findings that such plans have only partly been successful (Rees, Grovermann
and Finger, 2023) could point out that not all of these plans have sufficiently
led to the enactment of smart mixes of context-specific policies. Our results
highlight the need for more contextualised policymaking, for example for dif-
ferent regions globally but also for different Member States of the EU. More
specifically, we find in our regression results that information provision may be
particularly important in contexts with low organic shares, and public policies
of importance in contexts of mature organic markets. Further, our results show
that in contexts with low productivity, support for training and infrastructure
investments are central.

There are limitations to our analysis. First, our focus here was on quantita-
tive studies working with primary and secondary farm-level data. Qualitative
studies were out of the scope of our analysis, but can give valuable in-depth
insights into ideas for scaling organic farming—and could be highly com-
plementary to our analysis. Second, most of the identified studies look at
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correlations but not causal drivers of adoption and their results should there-
fore be carefully interpreted. Nevertheless, given the current lack of causal
studies, our analysis provides an important first step in guiding policymakers
and food-value chain actors in choosing measures for supporting the adoption
of organic agriculture.
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