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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• A nested constraint hierarchy explains 
low uptake of organic farming in pro
ductive areas.

• Ameliorating constraints high in the hi
erarchy solve lower order constraints.

• In productive areas the need for alterna
tive nutrient resources is critical.

• Based on our nested constraint hierar
chy we propose solutions to increase 
organic uptake.

• Trans-disciplinary research and collab
orative approaches needed to close 
knowledge gaps.

H4) Strong need 
of landscape 
scale socio-
ecological
processes

H5) High
opportunity and 
management 

costs

H6) Strong need 
of policy

payments

H3) Strong need for tailored 
cropping systems

H1) Strong need 
for agro-

ecological
solutions for 

plant protection

H2) Strong need 
for alternatives

to mineral
fertilizers

Certification constraints

Agronomic constraints

Socio-economic
constraints

Solutions

Develop methods for weed, pest, and disease
management (H1)

Facilitate development of alternative nutrient 
sources (H2 & H5)

Utilize crop diversification and the potential of plant 
breeding (H1, H2, H3 & H5)

Strengthen the organic knowledge system (H1, H2, 
H3 & H4)

Increase cost-efficiency of agri-environmental
policies (H6)
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A B S T R A C T

CONTEXT: Uptake of organic farming falls short of stated sustainability targets, particularly in highly productive 
regions where adoption could mitigate environmental impacts of intensive farming. Several hypotheses have 
been advanced to explain the constraints on adoption, but these have not been assessed within an integrative, 
interdisciplinary framework.
OBJECTIVE: The objective was to develop a conceptual framework linking existing hypotheses on the constraints 
to the uptake of organic farming in highly productive agricultural regions, to review the supporting evidence 
and, based on this, to propose solutions for increasing adoption.
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METHOD: An interdisciplinary team developed a nested hierarchical framework of ecological, agronomic, and 
socio-economic processes influencing adoption of organic farming. They critically examined existing literature in 
relation to hypotheses and identified potential solutions to enhance adoption.
RESULTS AND CONCLUSIONS: We present a nested hypothesis hierarchy of interrelated constraints on organic 
conversion with special relevance to low uptake in highly productive regions dominated by arable crops. Cer
tification constraints reflect fundamental needs for agroecological solutions for crop protection and nutrient 
supply, which are difficult to address in the absence of animal husbandry. The certification constraints give rise 
to agronomic constraints, driven by the greater divergence between organic and conventional crop rotations in 
such regions. While agronomic constraints are solvable, their solutions are limited by socio-economic constraints, 
including higher knowledge demands and opportunity costs for organic farmers, which current area-based 
policy-payments do not fully offset. Our review finds evidence for all constraint types, however, in highly pro
ductive areas the certification constraint need for alternative nutrient resources dominates, with downstream 
consequences for agronomic and socio-economic constraints. We demonstrate how our framework can guide 
solutions across the nested hierarchy: alleviating certification constraints through ecological intensification and 
alternative nutrient sources; addressing agronomic constraints by diversifying crop rotations; and overcoming 
socio-economic constraints by strengthening extension services and improving the spatial targeting of policy 
payments. Finally, we argue that persistent knowledge gaps call for stronger trans-disciplinary research to bridge 
the scale-related disconnect between academic research and farmer needs, as general approaches and small-scale 
experiments often fail to inform on-the-ground implementation.
SIGNIFICANCE: Given that expansion of organic farming in the EU is stalling, there is substantial interest in 
identifying strategies to enhance its uptake, particularly in regions where adoption remains limited. This study 
provides a basis for future research, informing management decisions, and guiding policy development for 
fostering the expansion of organic farming, and hence advance the overarching goal of increasing agriculture’s 
sustainability.

1. Introduction

Long-term structural change in agriculture, driven by technological 
progress, economic growth and improved off-farm income opportu
nities, as well as public policies to increase food production, have 
resulted in agricultural specialization and intensification in many parts 
of Europe (Lefebvre et al., 2012; van Vliet et al., 2015). At the field level, 
it has resulted in increased use of agrochemicals, simplified crop rota
tions and more productive crops (Stoate et al., 2001; Emmerson et al., 
2016). At the farm level, it has resulted in the conversion or abandon
ment of semi-natural habitats (Stoate et al., 2001; Török and Dengler, 
2018). At regional scales, it has resulted in the separation of crop and 
livestock production (Peyraud et al., 2014; Garrett et al., 2020), and in 
agricultural land-use intensification in some regions and abandonment 
in others where farming is no longer economically viable (Terres et al., 
2015; Ustaoglu and Collier, 2018).

The structural changes in European agriculture have entailed 
increased environmental externalities such as downstream eutrophica
tion, spread of toxic chemicals, release of greenhouse gases, and biodi
versity loss (Stoate et al., 2001; Emmerson et al., 2016). While it may be 
argued that some of these effects are offset by higher yields that reduce 
the demand for land (Green et al., 2005; Burney et al., 2010), environ
mental externalities are generally considered a major problem in need of 
mitigation (Stoate et al., 2009; Pe'er et al., 2022; Finger et al., 2024). 
Current developments also pose risks to the sustainability of agriculture 
itself, due to, e.g. evolving pesticide resistance (Heap, 2014; Gould et al., 
2018), loss of ecosystem-service providers vital to pest control and crop 
pollination (Bianchi et al., 2006; Potts et al., 2016), and loss of soil 
carbon and associated soil fertility (Heikkinen et al., 2013; Harbo et al., 
2026). The disconnection of crop and livestock production reduces the 
efficient use and recycling of nutrients (nitrogen, phosphorus etc.) at 
farm to regional scales and even globally because of feed imports, 
leading to nutrient losses through mechanisms such as erosion, leaching 
and volatilization, also with consequences for greenhouse gas emissions 
in the form of nitrous oxide (Peyraud et al., 2014; Nesme et al., 2015).

There is mounting pressure for European agriculture to reduce its 
environmental impacts and maintain landscape multifunctionality 
(European Commission, 2020; European Environment Agency, 2021; 
Leduc et al., 2021). Through various policy measures, some intensifi
cation trends have stabilized or even slightly reversed (e.g., Levers et al., 

2016), but measures have not been sufficient to meet environmental 
objectives and historical legacies of past management continue to drive 
environmental impacts today (Stoate et al., 2009; Pe’er et al., 2014; 
Grizzetti et al., 2021; Carvalho et al., 2025). Organic farming has been 
identified as a key measure for reducing environmental impacts (Eyhorn 
et al., 2019; European Commission, 2021; Gamage et al., 2023). Based 
on a set of principles – Principles of Health, Ecology, Fairness and Care – 
organic farming aims at producing sustainably (Luttikholt, 2007). These 
principles are, in turn, codified into rules that apply both for organic 
labelling of products and eligibility for public support, including pro
hibition of synthetic fertilisers and pesticides (Seufert et al., 2017; Eu
ropean Union, 2018). In turn, this way of producing food requires 
systematic changes to production systems, such as more complex crop 
rotations, to achieve ecological solutions to agricultural challenges 
(Watson et al., 2002a; Porter, 2009).

To increase the uptake of organic farming, multiple policy in
struments have been enacted, such as policy payments to farmers for 
organic farming, public procurement of organic food, public support to 
research and development relevant to the organic sector, and soft 
governance measures (Stolze and Lampkin, 2009; Lampkin and Sanders, 
2022). Plans to increase organic farming have been developed both in 
individual countries and for the EU through the new EU Action Plan 
launched in 2021 (European Commission, 2021). In addition, organic 
farming has benefitted from price premiums for organic produce 
(Crowder and Reganold, 2015; Eyinade et al., 2021) and potentially 
promotion of organic products by retailers (Aigner et al., 2019). As a 
result, organic production in the EU has increased annually by 5.7% 
2012-2020 to reach an area of 14.8 million ha (European Commission, 
2023b). However, the target of having at least 25% of agricultural land 
under organic production by 2030 (European Commission, 2020), re
mains to be met, as the current area is 9% (Eurostat, 2023). Further
more, area-based uptake in Europe is growing at a slower rate than the 
increase in European consumption of organic food (Willer et al., 2021). 
Current increases in food prices may also lead to reduced consumption 
of the more expensive organic produce (cf. Lindström, 2022 and refer
ences therein), threatening further expansion of organic farming as seen 
at the EU level (Fig. 1), and may even result in organic farms with
drawing from certification and returning to conventional practices (cf. 
Sahm et al., 2013), as already observed in Sweden (Fig. 1). The uptake 
also varies considerably between EU countries (from 2% in Ireland and 
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Malta to over 20% in Austria, Estonia and Sweden, European Commis
sion, 2023b) (Fig. 2), and is related to population density and educa
tional level (Sandström et al., 2025). Within countries, there is evidence 
that uptake of organic farming is particularly constrained in regions 
characterized by high crop yields and often dominated by production of 
cash crops, which we refer to as highly productive regions. In a high- 
resolution analysis, Sandström et al. (2025) found that uptake was 
higher in areas with unfavourable biophysical conditions for agricul
ture, and in Sweden conversion to organic farming has predominantly 
occurred in regions characterized by relatively low crop yields and 
ruminant livestock farming dependent on arable-grass fodder produc
tion (Rundlöf and Smith, 2006; Basnet et al., 2018). Similar trends are 
observed in e.g. Germany (Schmidtner et al., 2012) and Great Britain 
(Gabriel et al., 2009). This is a concern, since it is in the highly pro
ductive areas that negative externalities of agriculture in terms of 
pollution from agrochemicals and loss of biodiversity are particularly 
high and most in need of amelioration (Stoate et al., 2009).

For the EU to reach its organic goal, it is necessary to understand 
what factors are constraining the expansion of organic farming, partic
ularly in regions with low current uptake, specifically highly productive, 
intensively cropped regions with few ruminants. Several hypotheses 
have been posited to explain constraints to uptake (e.g., Rundlöf and 
Smith, 2006; Schmidtner et al., 2012; Läpple and Kelley, 2013; Dessart 
et al., 2019; Sapbamrer and Thammachai, 2021), but the hypotheses 
have rarely been comprehensively presented and jointly evaluated (but 
see Möhring et al., 2024 for a decision-oriented framework). One likely 
reason for this is that the hypotheses concern factors that have been 
investigated in a variety of disciplinary areas including: agronomic and 
ecological factors, economic preconditions for organic farming, design 
of policy instruments, private certification systems and socio-cultural 
constraints among farmers. Accordingly, it requires an interdisci
plinary effort to deal with the complexity and inter-relatedness of these 
hypotheses, to identify main barriers that may be targets for research, 
management changes and polices aiming to increase uptake. In this re
view, we identify and evaluate six hypotheses relating to what con
strains the uptake of organic farming in highly productive regions 
(Table 1), present the current state of evidence and examine how the 

different hypotheses are interrelated. Based on this evaluation, we 
summarize the implications of current knowledge, suggest means to 
break constraints on uptake and identify research gaps.

Because our scope is to conceptualize a hierarchy of ecological, 
agronomic and socio-economic processes affecting the uptake of organic 
farming, the review covers a wide range of topics across different dis
ciplines. Therefore, instead of carrying out a systematic review which 
would have been unfeasible given the wealth of questions (cf. Haddaway 
and Westgate, 2019), we elected to perform a hermeneutic review where 
we critically interpret and make sense of the existing literature 
(Greenhalgh et al., 2018). This was enabled by creating a team of au
thors with a long-term experience of research on organic farming across 
disciplines.

2. Hypotheses

Conventional farmers considering converting to organic farming in 
highly productive agricultural regions face a series of challenges or 
constraints that reduce the likelihood that they will convert. We have 
identified six commonly hypothesised constraints on converting to 
organic farming from the scientific literature, particularly in regions 
dominated by conventional cash-crop farms (Table 1, Fig. 3).

Clearly, the foremost constraints on the expansion of organic agri
culture in regions dominated by conventional arable farming are the 
needs to find agroecological solutions for crop protection and alterna
tives to synthetic fertilisers. These needs have been codified in labelling 
systems for certified organic production as prohibitions on the use of 
synthetic chemicals for protecting crops against weeds, pests and dis
eases, and restrictions on the use of synthetic fertilisers for meeting crop 
nutrient needs. These certification constraints are particularly severe in 
regions dominated by arable farms. First, cropping systems that have 
emerged from decades of conventional arable cropping tend to have 
small populations of natural enemies of crop pests and to be dominated 
by particularly problematic weed species, creating a vicious circle of 
reliance on synthetic chemicals (H1). Second, organic systems are 
dependent on organic nutrient sources such as farmyard manure, with 
limited availability in high-productive areas as a result of the regional 
specialization of agricultural production in recent decades (H2). Even 
so, these constraints can partially be alleviated, over time, through the 
introduction of more complex cropping systems, particularly using 
perennial grass-clover break crops between cash crops, and more diverse 
crop rotations (i.e., growing a greater variety of crops). However, this 
means that the organic-certification-constraints translate into agronomic 
constraints, in terms of using longer and more complex crop rotations. 
These cropping systems will differ more from conventional ones in 
highly productive areas where conventional farming is dominated by 
annual cash crops, making transition to organic management more 
demanding (H3).

Given appropriate agroecological methods, the agronomic con
straints and the certification constraints on organic farming can be 
overcome, but what is agronomically possible may be counteracted by 
various socio-economic constraints faced by farmers. First, organic 
farming requires new or re-learning lost traditional knowledge, partic
ularly how systems can be adapted to local conditions. Organic farming 
also requires different infrastructure, including advisors skilled in 
organic farming and supply chains for inputs and market chains for 
produce. Both knowledge building and exchange and access to relevant 
infrastructure is more difficult in productive regions where there are 
fewer neighbours practicing organic farming compared to where there 
are many adopters (H4). Second, organic management results in high 
opportunity costs both from loss of yields compared to conventional 
farming and the use of more complex crop rotations involving less cash 
crops. The higher profitability of cash cropping and the larger “yield 
gap” will pose larger constraints on organic farming in highly productive 
regions (H5).

Ultimately, these constraints could be overcome with adequate 

Fig. 1. Percent of arable land in EU managed using organic production 
methods and meeting the EU regulations (https://eur-lex.europa.eu/eli/reg/ 
2008/889/oj) and that in Sweden reported to the Swedish Board of Agricul
ture by approved control bodies in the agricultural sector (SBA, 2025). Infor
mation downloaded from EUROSTAT (https://ec.europa.eu/eurostat/databr 
owser/view/org_cropar/) and the Swedish Board of Agriculture's statistical 
database (https://statistik.sjv.se/PXWeb/pxweb/sv/Jordbruksverkets% 
20statistikdatabas/?rxid=5adf4929-f548-4f27-9bc9-78e127837625).
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policy payments to bridge the gap in profitability between conventional 
and organic systems. Indeed, such payments are offered for organic 
farming. However, today these uniform area-based payments are rela
tively low compared to the profitability of conventional cash crops in 
high-productive regions and thus reinforce the uptake of organic in less 
productive, mixed farming and livestock-dominated regions (H6). 

H1. Stronger need for agroecological solutions for plant protection.

Organic famers cannot control weeds, pests and diseases with syn
thetic crop protection products, and are thus mainly reliant on me
chanical control measures, spatio-temporal isolation, and harnessing 
naturally occurring control agents and antagonists to avoid crop losses 
caused by weeds, pests and pathogens (Zehnder et al., 2007; van Brug
gen and Finckh, 2016; Costa et al., 2023). This may be more challenging 
in highly productive areas where natural enemies to crop pests can be 
less abundant because: landscapes are structurally simple (cf. Bianchi 
et al., 2006; Chaplin-Kramer et al., 2011), cropping systems are 

characterized by functionally simpler crop rotations (cf. Redlich et al., 
2018; Guinet et al., 2023), particularly lacking perennial components 
(Chopin et al., 2026), and use of synthetic pesticides and fertilisers is 
pervasive (cf. Jonsson et al., 2012; Pandey et al., 2022).

Increased weed pressure is a key concern for converting to organic 
farming (Ferjani et al., 2010) and can be a major cause of loss of yield 
and its quality (e.g., Casagrande et al., 2009; Armengot et al., 2013). 
Landscape simplification may affect weed species richness less in 
organic compared to conventional farms (e.g., Roschewitz et al., 2005; 
Holzschuh et al., 2007), but the density of weeds species that are well 
adapted to disturbance has the potential to be higher in short and simple 
crop rotations characteristic of cash-crop landscapes (Liebman and 
Dyck, 1993; Scott and Freckleton, 2022), at least when sowing times and 
life cycles are similar among crops in the rotation (Weisberger et al., 
2019).

Pests and diseases can also limit organic yields, particularly in high- 
value crops frequently grown in productive regions, such as oilseed rape 

Fig. 2. Uptake of organic farming 2016 in the EU by national units of statistics (NUTS 2) regions, the intermediate of three levels used by Eurostat to present 
statistics. Reproduced from https://ec.europa.eu/eurostat/web/products-eurostat-news/-/edn-20191016-1 under the Creative Commons Attribution 4.0 Interna
tional licence.
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and potatoes (Möller et al., 2006; Charles et al., 2020) and may 
contribute to the lower yield stability in organic compared to conven
tional farming (Knapp and van der Heijden, 2018). The generally lower 
abundance of natural enemies in highly productive agricultural land
scapes, characterized by a high proportion of arable land, may be caused 
by spatio-temporal resource discontinuity related to strong disturbance 
regimes from intensive agricultural practises and low habitat hetero
geneity resulting in a lack of source habitat (Jonsson et al., 2012; Smith 
et al., 2014). Structurally simple arable landscapes can also decrease 
possibilities to isolate disease vectors and pest pressures between crop 
fields (cf. Plantegenest et al., 2007; Claflin et al., 2017). There are, 
however, major idiosyncrasies in how natural enemies, crop pests and 
disease vectors respond to changes in agricultural methods and land
scape structure (e.g., Karp et al., 2018; Mahas et al., 2025), and the 
impacts on plant health and crop yield are therefore difficult to predict 
(cf. Alexandridis et al., 2022).

To conclude, the evidence suggests that controlling weeds, pests, and 
diseases without the use of synthetic chemicals will be more challenging 
in highly productive areas, but there is a lack of evidence as to what 
extent it constrains conversion to organic farming. 

H2. Strong need for alternatives to mineral fertilisers.

Organic farming restricts the import of mineral fertilisers because it 
aims to rely on supplying nutrients to crops through managing soil 
fertility via rotations and the use of on-farm manures and crop residues 
(Watson et al., 2002a). Organic farms may also to some extent import 
nutrients from outside the farm, but this is subject to certain restrictions 
(European Commission, 2023a). The import can come from different 
sources including manure from other farms, biogas digestate and food 
industry by-products, but animal manure is currently the key source 
(Carr et al., 2020; Döring and Neuhoff, 2021). While stockless organic 
farms source more external nutrients than livestock farms, purchased 
feed may serve as a “hidden” source of nutrient inputs on organic live
stock farms (Reimer et al., 2023). In highly productive regions with little 
livestock production, the opportunity to purchase (or exchange) manure 
from neighbours is limited (Nordin, 2021). The fact that few farms in 
these productive regions currently have livestock, particularly rumi
nants, constrains conversion to organic farming. This is because con
verting from arable conventional cash crop production to organic 
farming with both crops and livestock would require relevant knowl
edge, entail substantial investments in buildings and water supply, and 
result in high opportunity costs of forage production compared to cash 
crops (Martin et al., 2016) (see H3). Furthermore, the type of livestock 
production that is common in productive regions, such as pigs and 
poultry, requires specialist skills and infrastructure for organic produc
tion and is perceived more challenging in terms of conversion to organic 
than ruminant production (Hermansen et al., 2004).

Biological fixation of atmospheric nitrogen (BNF) is a major source of 
nitrogen for organic farming through the inclusion of legumes in rota
tions. Forage legumes provide considerably larger net nitrogen input to 
the systems than grain legumes (Anglade et al., 2015). However, relying 
on BNF based on forage legumes without including animal husbandry 
would result in even higher opportunity costs, since short-term grass/ 
legume leys and green manures in this case cannot be used for grazing 
and silage at the farm level (H3). Hence, this would likely require an 
alternative use of leys, e.g., for biogas or biorefinery (protein fraction
ation), to be economically viable (Tidåker et al., 2014; Micke et al., 
2023).

Although nutrient budgets for organic farms in Europe are generally 
positive or neutral except for potassium, organic farms without livestock 
or imported manures frequently show lower surplus of nitrogen and 
negative balances of phosphorus and potassium (Reimer et al., 2020), 
indicating unsustainable mining of nutrient reserves with long-term 
negative consequences for crop yields and quality (Foissy et al., 2013). 
The severity of this will depend on soil type and historical management 
and may mostly be a long-term issue when converting to organic man
agement (Watson et al., 2002b). Recent research also highlights the 
large spatial variability in phosphorus inputs and outputs, and the 
resulting phosphorus budgets for different production systems (Magaya 
et al., 2025). While sources of phosphorus that are recycled and of 
acceptable quality are limited in organic farming, rock phosphate is 
permitted within current EU regulations but usually solubilised in soil at 
a slow rate that cannot match crop demands (Edwards et al., 2010).

To conclude, the difficulties of finding economically viable solutions 
to nutrient demands is a key constraint to conversion to organic farming 
in highly productive agricultural regions currently dominated by arable 
farming. 

H3. Strong need for cropping systems tailored to organic production.

For organic farmers, the design of the cropping system is critical to 
sustain long-term yields as the options to overcome challenges of, for 
example, weed and pest control as well as nutrient limitation are more 
limited than in conventional farming (H1, H2). Organic farmers thus 
rely on functionally diversified crop rotations, often related to livestock 
production, including the use of short-term grass-clover leys and grain 
legumes in crop rotations (Barbieri et al., 2023; Schaak et al., 2023). 
Arable farmers face the challenge of either including more leys in ro
tations to provide nitrogen and control weeds, or use of more inputs such 

Table 1 
Hypotheses about what constrains conversion to organic farming and why these 
constraints are particularly severe in highly productive regions dominated by 
arable farming, resulting in a heterogeneous uptake. For supporting references, 
see main text.

Hypothesis Constraint Why more severe in 
productive regions

1 Strong need for 
agroecological 
solutions for plant 
protection

Farmers cannot use 
synthetic pesticides to 
protect crops from 
weeds, pests, and 
diseases

Lack of habitat 
supporting natural 
enemies of pests and lack 
of perennial crops in 
rotations compromise 
pest and weed 
suppression possibilities

2 Strong need for 
alternatives to 
mineral fertilisers

Farmers cannot use 
synthetic fertilisers to 
meet crop nutrient needs

Higher demand for 
imported nutrients when 
yield potential is high 
and little nutrients 
circulated through 
animals

3 Strong need for 
tailored cropping 
systems

Organic production 
requires crops and 
cropping systems 
resilient to low nutrient 
availability and high 
incidence of weeds, 
pests, and diseases

Need for considerable 
changes in cropping 
systems makes transition 
more demanding

4 Strong need of 
landscape scale 
socio-ecological 
processes

Lack of neighbouring 
organic farms constrains 
beneficial ecological 
processes at landscape 
scales and limits the 
reinforcement of 
knowledge-based and 
cultural feedback that 
support organic 
management

Fewer organic 
neighbours

5 High opportunity and 
management costs

Organic farming 
generally results in lower 
yields, and more costly 
measures to ensure 
nutrient availability and 
crop protection

Higher potential loss of 
yields both because 
conventional yields are 
higher and tools fewer to 
maintain high organic 
yields

6 Strong need of 
policy-payments 
policy payments

Price premiums not 
sufficient to compensate 
lower profits for organic 
farming

Higher opportunity costs 
related to yield losses and 
management not 
compensated by 
sufficient differentiation 
of area-based policy 
payments
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as purchased organically approved nutrients and mechanical weed 
control to allow a higher proportion of cereal crops in the rotation 
(Chongtham et al., 2017). However, in highly productive regions, where 
crop production is less limited by soil conditions and climate, the 
economically optimal cropping system relies on production of the most 
profitable cash crops. Consequently, crop rotations in conventional 
systems are less likely to utilise short-term leys or have animal hus
bandry because the higher efficiency in resource use makes continuous 
growing of annual cash crops more attractive (Barbieri et al., 2017). 
Furthermore, when grown organically, the most valuable and 
demanding annual crops characteristic of more productive regions, such 
as winter wheat and oilseed rape, require suitable preceding crops that 
add nitrogen and other nutrients while not propagating weeds or dis
eases for subsequent crops (Melander et al., 2016; Ingver et al., 2019). 
Perennial forage crops can be particularly valuable in this respect 
(Martin et al., 2020).

As a result, the contrast between the cropping system for organic and 
conventional farming is larger in more productive regions (Reumaux 
et al., 2023), resulting in transition to organic farming being associated 
with a dramatic change in crop rotations and potentially inclusion of 
animal husbandry. Thus, when short-term grass-clover leys are not 
currently part of the farm enterprise, the degree of changes required to 
the cropping systems when converting to organic farming may pose a 
larger barrier. As clarified under H2, introducing ruminant animals on 
farms will result in considerable investment and opportunity costs. 
Opportunities to instead solve nutrient availability by other means may 
on the other hand be limited. For example, grain legumes suit organic 
rotations because they can fix their own nitrogen and leave some re
sidual nitrogen to benefit the subsequent crop, but they are not good 
weed competitors (Melander et al., 2016) and might therefore trigger 
costly weed control measures, such as intensive soil cultivation between 
crops and repeated hoeing between crop rows in both the legume crops 
and in subsequent crops. Single-year green manure crops, often con
sisting of grass and clover, can be used in ruminant-free organic crop
ping systems to help in weed management and provide nitrogen to 
subsequent high value crops (Melander et al., 2020; Xu et al., 2025), but 
since these crops do not provide a revenue, they are often not 
economically viable. Hence, it is according to this hypothesis, not the 

separation of livestock and cash-crop production per se that constrains 
transition to organic farming on highly productive land, but the unvi
ability of cropping systems that involve growing grass-clover break 
crops instead of annual cash crops.

To conclude, transition to organic farming will entail larger changes 
in the farm enterprise in highly productive areas where conventional 
farming is mostly based on production of annual cash crops, than in less 
productive areas with a higher prevalence of mixed farms with animal 
husbandry, posing a barrier to change. 

H4. Strong need of socio-ecological processes at landscape scales.

An inevitable consequence of the lower uptake of organic farming in 
highly productive regions (Bichler et al., 2005; Rundlöf and Smith, 
2006; Schmidtner et al., 2012) is that the average farm will have fewer 
organic neighbours. There are both ecological, agronomic, and cultural 
factors that may result in positive feedback and ‘path dependency’ be
tween historical and future uptake of organic farming, with the lack of 
organic neighbours further constraining development of organic 
farming in highly productive regions (Simin and Janković, 2014; Allaire 
et al., 2015).

Ecological processes at large scales may be important for organic 
farming. Organic farming includes use of control of pests by natural 
enemies (Simon et al., 2014). Pest - natural enemy interactions are 
affected by both in-field and ex-field management, which is the ground 
for conservation biological control (Rusch et al., 2017). However, the 
ecological processes affecting pests and natural enemies occur at scales 
larger than individual farms (Bianchi et al., 2006) and is thus com
pounded by the existing fragmentation of farms (cf. Ntihinyurwa and de 
Vries, 2021). Hence, pest pressure on organic farms will depend on how 
neighbouring farms are managed. For an organic farm, there may be 
both positive and negative consequences of being surrounded by organic 
farms, depending on whether the landscape-scale effects mostly pertain 
to weeds and pests or to their natural enemies. However, the net con
sequences of these opposing drivers of crop damage from amalgamation 
of organic farms have been sparsely investigated. Both weed species 
richness and density have been found to increase with the proportion of 
organic farming in the landscape, but the number of studies are limited 
and some did not find any effects (Brusse et al., 2024). For arthropod 

Fig. 3. Six hypotheses about constraints explaining the low uptake of organic farming that may be particularly important in highly productive agricultural regions 
dominated by conventional cash cropping, nested at three levels. Low in the hierarchy, the socio-economic constraints that directly affect farmers’ decision making 
are contingent on the intermediate agronomic constraints that constitutes solutions to handle the certification constraints high in the hierarchy that are codified in 
organic production rules. Overcoming constraints high in the hierarchy will alter the likelihood that constraints lower in the hierarchy apply, whereas overcoming 
constraints lower in the hierarchy will leave those higher up unaffected.
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pests and natural enemies, the data is slightly more extensive, demon
strating limited effects of organic farming at landscape scales (Petit 
et al., 2020; Brusse et al., 2024). We are not aware of evaluations of 
effects of organic neighbours on yield.

Relevant knowledge and proof-of-concept may be crucial for farmers 
to adopt new, but potentially more risky production practices, such as 
organic farming. Existence of neighbouring organic farms may promote 
conversion by facilitating knowledge-based feedback or by the existence 
of well-developed and knowledgeable extension services based on a 
broader customer base (cf. Sapbamrer and Thammachai, 2021). Simi
larly, access to specialized equipment, for example, inter row hoes, may 
be better if farms are located close together; in Hanson et al. (2004)
organic farmers stated that they more than conventional farmers bonded 
with neighbours to share equipment and labour. In addition to knowl
edge spillover, collective behaviour may increase the conversion to 
organic farming through the creation of norms. Farmers’ decisions are 
known to be affected by the practices and successes of colleagues 
(Dessart et al., 2019). Since the conversion to organic farming can be 
constrained by low social acceptance (Läpple and Kelley, 2013), the 
adoption may be affected by neighbours successfully transitioning to 
organic farming (but see Boncinelli et al., 2016 who concluded that 
information spillover was more important). These social mechanisms 
may result in positive feedback related to conversion that exacerbates 
other constraints on organic farming in highly productive regions (H1- 
H4).

To conclude, self-reinforcing neighbourhood effects, both ecological 
and social, potentially contribute to the highly heterogeneous uptake of 
organic farming, but the extent of this has not been quantified. 

H5. High opportunity and management costs of replacing conven
tional production methods.

Lower yields compared to conventional farming can present sub
stantial opportunity costs for farmers contemplating converting to 
organic in highly productive regions. Several recent meta-analyses have 
shown that organic farming on average produces 18-25% lower yields 
for given crops (de Ponti et al., 2012; Seufert et al., 2012; Ponisio et al., 
2015; Alvarez, 2022; de la Cruz et al., 2023). The magnitude of expected 
yield-losses after conversion is hard to predict, because small-scale 
studies may underestimate yield differentials (Kravchenko et al., 
2017) whereas analyses of commercial harvests showing similar (Kniss 
et al., 2016) or larger (Brückler et al., 2018) yield differences may be 
biassed by higher uptake of organic farming in areas with lower pro
ductivity, and therefore yields (cf. Bichler et al., 2005; Rundlöf and 
Smith, 2006). Furthermore, estimates of yield differentials likely hide 
significant heterogeneities that reflect spatio-temporal variation in 
permissible practices as regulated by law and certification rules. How
ever, in the context of this study, the critical issue is whether yield losses 
after conversion are larger in highly productive areas, which is expected 
based on H1-H3.

For a particular crop, the proportional yield loss associated with 
organic farming may be slightly higher in more productive regions 
(Ländell and Wahlstedt, 2020) and in contexts associated with produc
tive areas such as simple crop rotations (Ponisio et al., 2015; Ponisio 
et al., 2017). However, a global meta-analysis found that yield differ
ences between organic and conventional farming was at most weakly 
related to field size or conventional yields as a proxy for farming in
tensity (Smith et al., 2020). Furthermore, there are substantial hetero
geneities in organic-conventional yield differences between crops 
(Ponisio et al., 2015), with yield differences tending to be larger for 
crops more prevalent in productive areas such as cereals and oilseed 
than for legume crops and grass-clover leys (de Ponti et al., 2012; Seufert 
et al., 2012; Kniss et al., 2016; Alvarez, 2022). Such crop-specific ana
lyses will miss consequences related to changes in crop rotations caused 
by transitions to organic farming. Given the need for introducing leys for 
BNF and weed management in organic crop rotations (H2), the oppor
tunity cost (i.e. forgone profit) will be larger than that indicated by crop- 

specific analyses (Alvarez, 2022). In addition, global and continental 
studies have shown that crop selection by organic farmers differs from 
that of conventional farmers, with less focus on primary cereals (e.g. 
wheat, rice and maize) and greater focus on a wider range of crops 
including secondary cereals (e.g. spelt and barley) and grain legumes 
(Barbieri et al., 2019). Thus, opportunity costs for converting to organic 
are likely larger in highly productive areas dominated by production of 
annual cash crops.

Over and above the risks associated with any agricultural investment 
due to random weather events and price fluctuations, organic farmers 
face additional production risks, because they are not allowed to apply 
synthetic fertilisers or pesticides (H1 and H2) (Berentsen and van 
Asseldonk, 2016), which results in lower yield stability in organic sys
tems (i.e. larger relative yield variability) (Knapp and van der Heijden, 
2018; Smith et al., 2019). This suggests that there will be an additional 
(opportunity) cost in terms of greater risk on converting to organic 
farming in highly productive regions, because the organic system will be 
perceived as riskier to the farmer than continuing with the conventional 
system.

In addition to yield losses, organic farms may also experience higher 
relative management costs in more productive regions. For a given ef
fect, the costs of mechanical weed control (Moss, 2019) and manage
ment and opportunity costs of conservation biological control of pests 
(Griffiths et al., 2008) may be higher than that of chemical control, 
which may differentially affect organic farming in productive regions 
where weed and pest control are less supported by perennial crops and 
there is less undisturbed habitat for natural enemies (H1). However, 
research on the cost effectiveness of organically approved weed and pest 
control is scant, but a pan-European analyses showed that organic farms 
had lower costs for crop protection, while labour inputs where relatively 
similar to conventional farms, but with large heterogeneities (Blockeel 
et al., 2025). In addition, the scarcity of livestock and hence locally 
available manure may result in higher transport costs or the need to rely 
on more expensive nutrient sources (H2) (cf. Nordin, 2021).

In conclusion, the combination of larger yield reductions and higher 
risk and management costs in productive regions should result in sub
stantially higher opportunity costs of converting to organic farming in 
these regions. 

H6. Strong need of policy payments.

Policy payments supporting organic farming through the EU’s Rural 
Development Programme have been pivotal for increasing uptake 
(Daugbjerg et al., 2011), and empirical evidence shows that adoption 
responds significantly to changes in payment levels (Le Gloux and 
Dupraz, 2024). However, these have contributed to heterogeneous up
take within countries due to very low conversion in high-productive 
regions (Fig. 1) (Rundlöf and Smith, 2006). Conversion in high- 
productive regions requires major structural changes and may result 
in large income losses compared to conversion in more extensive, low- 
productive regions (H5). Since payment schemes do not adequately 
reflect this spatial variation in the opportunity costs of organic farm
ing—because they tend to consist of uniform area payments for the same 
type of production within countries—farmers in high-productive regions 
are offered insufficient compensation to make organic farming attractive 
(Häring et al., 2004). However, exceptions exist (Lampkin et al., 1999; 
Lampkin and Sanders, 2022), but it is unclear if these instances of 
regionally differentiated payments fully compensate for differences in 
opportunity costs.

Some costs of converting to organic farming may be unrelated to 
agricultural productivity, such as machinery investments. However, 
opportunity costs per unit area are magnified in high-productive regions 
for several reasons. First, if organic yields are a certain proportion of 
conventional yields, the per-unit-area yield loss will be larger in high- 
productive areas. This effect that is compounded if proportional yield 
losses are themselves larger in such areas (H5). Second, since conversion 
entails larger changes in crop production systems in highly productive 
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areas (H3), the introduction of more complex crop rotations (i.e., 
including grass and legumes) entails higher opportunity cost (Häring 
et al., 2004; Alvarez, 2022). Consequently, uniform area-based pay
ments tend to overcompensate farmers in low-productive areas while 
being insufficient in high-productive areas.

Third, the opportunity cost of converting to organic farming on high- 
productive land, is further magnified by the obligatory transition period. 
Before farmers can sell their products as certified organic—and thus 
receive price premiums—they must, according to EU certification, pass 
through a transition period of one to three years (European Union, 2018). 
The forgone price premium constitutes an additional opportunity cost in 
the form of a fixed cost attributable to the transition period, which will 
be higher in high-yield regions due to higher organic yields. Overall, 
measures and budgets to support organic farming in the EU are 
considered insufficient to achieve the 25% goal for organic farmland 
(Willer et al., 2024).

To generate more geographically homogenous uptake, payments for 
converting to organic farming in high-productive regions must be suf
ficient to compensate for the higher opportunity costs associated with 
yield losses, management adjustments, production risk, and transition. 
Even if organic price premiums theoretically could fully compensate for 
these higher opportunity costs, it doesn’t change the fact that uniform 
policy payments disfavour conversion of high-productive land.

3. Overcoming constraints

3.1. A hierarchy of solutions

We have outlined six hypotheses explaining the generally low uptake 
of organic farming in highly productive, intensively farmed landscapes. 
Our individual hypotheses are intended to clarify the complex set of 
factors constraining the expansion of organic farming, rather than to 
serve as unambiguous determinants, as they are, in several instances, 
interrelated. That said, they can be arranged hierarchically (Fig. 3): 
certification constraints related to the codification of organic farming 
(H1, H2), if not overcome, may require agronomic solutions (H3), which 
in turn may be more or less feasible depending on the regional farming 
context (H4). All these constraints ultimately affect farmers through 
consequences for profitability (H5) and through the construction of 
policies to promote organic farming (H6). Hence, overcoming con
straints high in the hierarchy will alter the likelihood that constraints 
lower in the hierarchy apply, whereas overcoming constraints lower in 
the hierarchy will leave those higher up unaffected.

In this section, we discuss solutions to the low uptake of organic 
farming, with a focus on the situation in highly productive areas 
dominated by arable production of cash crops and relate the solutions to 
our hierarchy of constraints. Most of these solutions have been proposed 
previously but not presented in a systematic way that identifies the 
linkages between them.

3.2. Potential solutions

3.2.1. Develop sustainable approaches for weed, pest, and disease 
management and promotion of crop health (H1)

Because organic farming generally results in lower and more variable 
yields compared to conventional farming (de Ponti et al., 2012; Seufert 
et al., 2012; Ponisio et al., 2015; Smith et al., 2019; Alvarez, 2022; de la 
Cruz et al., 2023), and evidence suggests that best management practices 
substantially improve relative performance (Seufert et al., 2012; Ponisio 
et al., 2015), the potential for yield improvements is likely large 
(Karlsson, 2024). Ecological intensification (or eco-functional intensifi
cation) has been suggested as a general approach with specific relevance 
for reducing yield-losses from weeds, pests, and diseases with relevance 
to organic farming. It explicitly relies on better use of natural ecosystem 
processes to increase yields (or reduce environmental externalities) 
(Bommarco et al., 2013; Döring, 2019) by increasing planned and 

associated biodiversity on arable land and maintaining non-crop habitat 
structures at the scales of farms and landscapes. Much is known about 
how weed abundance and species composition can be regulated (Bond 
and Grundy, 2001; MacLaren et al., 2020), such that the major obstacles 
are to overcome negative impacts of direct control measures on e.g. soil 
health and biodiversity as well as the management and opportunity costs 
these methods entail. Accounting for the positive effect of weeds on 
ecosystem processes that benefit yields may help lessen the incentive to 
reduce weeds at all costs (Bretagnolle and Gaba, 2015; Crochard et al., 
2022). Whereas the empirical basis for the effect of ex- and in-field 
measures compatible with organic farming on pests and diseases is 
overwhelming, there is a context-dependence of the responses that 
makes it difficult for farmers to implement methods based on informa
tion in overarching syntheses (Karp et al., 2018). Recent efforts to 
organize a bewildering heterogeneity in results by defining archetypes, 
i.e. clusters of e.g. crop – pest – enemy systems that may respond simi
larly to eco-functional interventions, is a promising way forward 
(Alexandridis et al., 2022). Archetypes allow existing knowledge to be 
adapted to specific farm contexts, but developing such approaches re
quires stronger research on conservation biological control.

Methods based on input substitution rather than farming system 
redesign (Lamine and Bellon, 2009), can be promoted to control weeds, 
pests and diseases in organic production. These are technological al
ternatives to synthetic chemical inputs to control pests and diseases, 
such as the release of natural enemies for inundative biological control 
(Speiser et al., 2006), thermal or bacterial treatments for seeds 
(Lamichhane et al., 2022), or the use of natural insecticide or fungicide 
molecules (van Bruggen and Finckh, 2016). Precision approaches to 
weed and pest management in organic farming based on e.g. remote 
sensing and AI (Marino, 2023; Kaur et al., 2024) could improve effi
ciency and reduce costs. There is, however, a risk that the environmental 
benefits from organic farming are compromised because of such con
ventionalisation (Röös et al., 2018), which may even reduce the incen
tive for a system redesign pradigm that focus on natural regulation 
processes (cf. Lamine and Bellon, 2009). To secure the transformative 
potential of organic farming, priority should be given to strengthening 
the organic knowledge system (see section below) to support farmers in 
designing more sustainable production systems (cf. Darnhofer et al., 
2010; Milardo, 2025).

3.2.2. Facilitate the development of alternative nutrient sources (H2 and 
H5)

To be sustainable, organic farming must replace macro- and micro- 
nutrients sold off in agricultural produce (H2). Traditionally, organic 
farming has relied on systems that include livestock. However, a sus
tainable future requires a shift towards more plant-based foods to 
mitigate climate change associated with the food system, particularly in 
Europe and North America (Henchion et al., 2021). Although global 
meat consumption may continue to rise, there is some evidence that 
more industrialized countries have reached peak meat consumption 
(Whitton et al., 2021). This may, in the long run, reduce the amount of 
nitrogen fixed in feed crops and nutrients recycled through animals. 
Organic farming thus needs to identify alternative and sustainable 
sources of nutrients, including nutrient-rich materials of urban origin 
such as human wastes. Fractionation allowing recovery of P as struvite is 
now accepted for organic production (European Commission, 2023a), 
whereas the use of human urine is still prohibited (EU 2018/848 Article 
11 Regulation, Milestad et al., 2020). However, development of pellet
ized products enabling redistribution and application similar to other 
commercial fertilisers is ongoing (Kurniawati et al., 2023) and may be a 
future alternative to the currently marketed but costly fertilisers pro
duced from food industry wastes (e.g. bone meal, blood meal) (H5). 
Contaminants, e.g. heavy metals and microplastics, remain a concern in 
materials recycled from society. However, a recent review on the use of 
these products in organic farming suggests that many soils can degrade 
certain pollutants, and that pollutant levels in many urban materials are 
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lower than in the past (Bünemann et al., 2024), or in the case of 
bioactive compounds, can be reduced with insect larvae (Lalander et al., 
2025). Hence, there are ample opportunities to meet the nutrient de
mands of organic farming in a circular economy.

Leys are generally uneconomic on farms without livestock. However, 
farm-level to regional scale digestion of herbage to produce biogas can 
add additional income while at the same time improving the availability 
of the nutrients from the remaining digest (Koppelmäki et al., 2019). 
This enables greater precision in crop nutrient supply and higher 
nutrient use efficiency and yield quantity and quality (e.g., protein levels 
in bread wheat, Odlare et al., 2004; Möller et al., 2008; Magistrali et al., 
2020; Reumaux et al., 2026). Life cycle analysis of systems integrating 
biogas with grain production have shown potential to enhance nutrient 
recycling, BNF, and energy efficiency on farms (Tidåker et al., 2014), but 
the environmental and economic benefits depend on handling systems, 
technologies for spreading of the digest, and collaboration between 
farms and with other societal and private enterprises. Biomass compo
sition can have a major effect on the environmental impact of biogas 
production but mixing on-farm and off-farm residues is a way to 
manipulate this (Møller et al., 2022) and the net present value of such 
farm-level production of biogas and digestate was found positive with a 
smaller CO2 footprint of the digestate compared to mineral fertilizer 
(Vikki et al., 2025). Quality-controlled biogas digestates produced from 
other feedstock such as food industry waste, household food wastes or 
livestock manures in municipality-level biogas plants can provide 
similar benefits (Gustafsson and Anderberg, 2023). The bulky character 
of the digestates limits the feasible transportation distance, but dehy
dration and fractionation of the digestates and further processing can 
increase this distance and allow redistribution of the contained phos
phorus over a somewhat larger geographical area similar to fraction
ation of manure slurries (Pantelopoulos and Aronsson, 2021). Hence, a 
future biobased economy may significantly contribute to the possibil
ities to solve nutrient demands of organic farming.

3.2.3. Utilize crop diversification and the potential of plant breeding (H1, 
H2, H3 and H5)

Diversification of cropping systems in productive regions (H3) to 
increase BNF (H2) and supress and manage weeds, pests, and diseases 
(H1) provides opportunities to introduce alternative (or reintroduce 
traditional) crop species, varieties and mixtures for human consump
tion, livestock feed and to improve soil health. Examples are different 
types of pulses (grain legumes) such as peas, beans, lentils and lupins, 
heritage cultivars of cereals as well as traditional roots, tubers, oil crops 
and vegetables (e.g., Revoyron et al., 2022; Ortman et al., 2023). To 
facilitate crop diversification and scale up the present small-scale pro
duction of alternative crops, obstacles of different nature (upstream, 
downstream of farm, farm level and institutional obstacles) need to be 
removed (cf. Meynard et al., 2018; Brannan et al., 2023), which requires 
stronger and expanded seed supply systems (Sandström et al., 2024), 
strengthening of farmer knowledge about how to grow and manage 
novel crops (Reckling et al., 2020), and improved output market chains 
including processing in highly productive regions (Messéan et al., 2021; 
Weituschat et al., 2023).

For optimal yields, organic farming generally needs varieties tar
geted to organic conditions, particularly high competition from weeds 
and low nutrient availability (Lammerts van Bueren et al., 2011). 
However, organic farming predominantly uses varieties bred for high 
availability of nutrients and efficient control of weeds, pests, and dis
eases emerging from crop breeding based on conditions mainly found in 
conventional farming (Lammerts van Bueren et al., 2011). Hence, there 
is potential to increase the quality and quantity of yields by more tar
geted plant breeding and variety testing (Lammerts van Bueren et al., 
2011; Crespo-Herrera and Ortiz, 2015; Mitrović et al., 2023). However, 
conditions and goals differ among organic farms and farmers (e.g., 
Darnhofer et al., 2005; Lynch, 2022), challenging the very notion of 
“organic conditions”. In consequence, plant breeding for organic 

production needs to target competitive ability under a broad range of 
management conditions, which may require a focus on multiple vari
eties tailored for specific farm conditions. Develop new variety mixtures 
is an option that may allow greater adaptability (Wuest et al., 2021). 
Furthermore, the way in which varieties are tested may require a 
different approach in organic systems. Kravchenko et al. (2017)
demonstrate that the differences between field- and plot-scale experi
ments on crop yield are much larger in organic than conventional set
tings, such that field-scale evaluation of cultivars holds promise for 
better future variety selection (e.g., Participatory Plant Breeding, Colley 
et al., 2021; Ceccarelli and Grando, 2022).

New breeding techniques have been proposed as a way to close the 
yield gap in organic farming, e.g. by reintroducing lost genetic vari
ability (Andersen et al., 2015). However, crops derived from genetic 
engineering are currently not allowed in organic farming (EU reg 
Regulation (EU) 2018/848 Article 11 Regulation), since it is considered 
incompatible with its principles (Altieri, 2005; but see Andersen et al., 
2015). The use of new genomic techniques in organic farming will be 
continued to be banned according to the recent proposal by the Euro
pean Commission (European Commission, 2023c). However, that does 
not mean lack of room for utilization of other modern techniques, e.g. 
combining biotechnology with traditional breeding, that could foster 
faster development of crop plants optimal for organic conditions 
(Nuijten et al., 2017) and openness for novel developments could help 
make organic farming more competitive (Purnhagen et al., 2021). 
IFOAM has compiled a list of breeding techniques that are deemed 
compatible with organic farming principles and that could help to foster 
varieties and breeds suitable for organic conditions (IFOAM, 2017).

3.2.4. Strengthen the organic knowledge systems (H1, H2, H3, H4)
Organic farming is knowledge intensive and thus benefits from sci

entific advice, but also requires local, place-based solutions since the 
idea that the cropping system should fit the local conditions is embedded 
in its principles. The existing variation in how advisory support and 
extension services are organized, for example in the EU, from being 
embedded in conventional systems to separate and specialised services 
(Lampkin et al., 1999; Padel and Lampkin, 2007), provide a rich foun
dation to understand how to best combine accessibility, in depth sci
entific evidence on organic farming per se, and local agroecological 
knowledge. Promising developments are the development of organic 
farmers’ own peer supported knowledge exchange mechanisms 
(Šūmane et al., 2018; Malusà et al., 2022) and the OrganicAdviceNet
work funded by the EU, aiming for a network of 1000 organic advisers 
across all Member States and seven other European countries (https:// 
cordis.europa.eu/project/id/101134850). However, if the uptake of 
organic farming is to increase, developments are required across the 
whole food system. Moschitz et al. (2021) suggested that the Agricul
tural Knowledge and Information Systems for organic farming need to 
be developed into Food and Agricultural Knowledge and Innovation 
Systems. We contend that this could be beneficial to conversion in the 
often densely populated highly productive regions if it helps to create 
market opportunities or direct connections into catering through public 
procurement or restaurants.

Advice on organic farming must be tailored to the specific needs of 
different contexts (Milardo, 2025), which must include those of highly 
productive regions. For example, Swedish specialist arable farms have 
relied mainly on mineral fertilisers and pesticide inputs to maintain crop 
yield and quality. Converting to organic arable farming thus requires 
alternative management solutions for nutrient management as well as 
weed, pest and disease control using agroecological management prac
tices such as intercropping (Bedoussac et al., 2015) or service crops 
(Lagerquist et al., 2022). This transition calls for novel on-farm dem
onstrations, exchange visits for farmers and advisors, and vocational 
training adapted to the local conditions. Integration of livestock into 
specialist crop production in highly productive areas, requires advisors 
as well as farmers to be familiar with managing both crop and livestock 
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enterprises and to understand the benefits and challenges of integration 
from both financial and biophysical perspectives (see Vermunt et al., 
2022; Moojen et al., 2023) and to account for the need for specialized 
knowledge (see Moojen et al., 2023) and infrastructure (see Hermansen 
et al., 2004). One possibility to facilitate integration of crops and live
stock farming is to reduce administrative and legal barriers to partner
ships between livestock. In such partnerships, businesses could be 
financially separate, but the use of the farmland and resources is 
improved through integration of forage and grazing into the landscape 
(Martin et al., 2016).

3.2.5. Increase the cost efficiency of agri-environmental policies (H6)
Agri-environmental policy payments have been crucial for fostering 

conversion to organic farming, but current payment levels are too low to 
achieve substantial conversion in highly productive areas (H6). As has 
been argued for other agri-environmental measures (Hanley et al., 2012; 
Wätzold et al., 2016), spatial targeting is generally necessary to achieve 
environmental goals cost-effectively. Furthermore, it is important how 
goals for organic area are formulated for achieving environmental goals, 
e.g. the EU’s 25% goal (Kremmydas et al., 2025), as well as minimizing 
potentially negative net welfare effects on developing countries (Mérel 
et al., 2023). Such targeting can be achieved by addressing both the 
environmental problems associated with conventional agriculture and 
the environmental benefits of organic farming. Any policy instrument 
that restricts or internalizes costs (e.g., environmental taxes) of using 
inorganic fertilisers and pesticides will benefit organic farming by 
reducing the opportunity cost of organic farming (Michalke et al., 2023), 
particularly in highly productive regions where opportunity costs are 
higher (H5). Similarly, any spatial differentiation in agri-environmental 
payments that directly or indirectly relates to the environmental benefits 
of organic farming, will increase cost efficiency (cf. Hanley et al., 2012; 
Reed et al., 2014). If larger uptake in highly productive areas would 
increase environmental benefits, e.g. because marginal benefits are 
higher when uptake is low or because the contrast between organic and 
conventional farming is larger, spatial differentiation would increase 
cost efficiency (Sidemo Holm et al., 2024) (but see Gabriel et al., 2009). 
However, such differentiation may have social implications, such as 
perceived fairness, that need to be considered (Markova-Nenova et al., 
2023).

An action-based agri-environmental scheme based on very general
ized measures may suffer both from the context-dependence not being 
considered (Rundlöf and Smith, 2006) and “conventionalisation”, where 
intensification to increase profits undermines the intended environ
mental benefits (Röös et al., 2018). A drastic solution to improve cost- 
efficiency, would therefore be to replace payments for organic farming 
with payments for the intended environmental and social benefits it 
provides. One proposal to do this is using result-based payments (Herzon 
et al., 2018) which, in theory, could deliver similar benefits to society as 
certified organic farming, but with higher precision and lower costs 
attributable to spatial targeting. However, result-based schemes face 
several challenges, including i) uncertainty in achieving results and thus 
risk of not receiving payments, which can constrain uptake (OECD, 
2022), ii) issues of fairness if the same action generate different support 
depending on context (OECD, 2022), iii) difficulties in identifying 
credible indicators (Elmiger et al., 2023), iv) high cost of credible 
monitoring of the range of benefits that organic farming is expected to 
provide (e.g. biodiversity, environmental quality, soil health, circu
larity) (Burton and Schwarz, 2013; Bartkowski et al., 2021), and v) the 
fact that results may manifest at spatial scales larger than the farm (cf. 
Lindborg et al., 2017). A possible way to preserve the benefit of a broad 
principle-based scheme such as organic farming, while increasing cost 
effectiveness, would be to provide context-specific payments for actions, 
for example using a bonus based on modelled benefits, to maintain or 
improve environmental conditions (Sidemo-Holm et al., 2018; Bart
kowski et al., 2021).

3.2.6. Target markets, develop value chains and food systems (H5)
Economic constraints on the uptake of organic farming could be 

alleviated by measures targeting the entire food chain, including con
sumers, that increase demand, potentially raising farm revenue if they 
reduced downstream costs and/or increased consumers’ willingness to 
pay a premium for organic food. Such measures could be driven by both 
the private sector (Brouwer et al., 2018) and demand-side policy in
struments, such as green public procurement (GPP) and consumer in
formation (Daugbjerg, 2023). Related policy instruments include public 
funding of marketing efforts (Stolze and Lampkin, 2009) and raising 
consumer awareness of organic production (European Commission, 
2023b). However, it is a challenge to use such measures to dispropor
tionally promote uptake specifically in productive arable regions. For 
example, Lindström et al. (2020) and Jörgensen (2021) found that GPP 
increases the area of organic farmland in Sweden by increasing demand, 
but the latter study also highlighted the difficulty of targeting specific 
areas. Subsidizing processing, marketing, and distribution of organic 
agricultural produce specifically in highly productive regions may, 
though, result in better spatial targeting of uptake as farming, process
ing, and distribution are geographically inter-linked. Still, downstream 
instruments remain indirect and cannot be as target efficient as directly 
subsidizing organic farm practices in highly productive areas, although a 
policy mix may be the most efficient strategy (Sanders et al., 2011). 
However, a geographical dimension either in private initiatives (e.g., 
retailer-driven) or in public procurement may help targeting organic 
produce in densely populated arable areas and break the current nega
tive correlation between population density and organic farming uptake 
in the EU (Krajewski et al., 2024). However, the farm-economic impact 
of short food supply chains remains inconclusive (Chiaverina et al., 
2023), highlighting the need to further evaluate downstream policies 
promoting locally produced organic food.

Agriculture in highly productive regions is often dominated by arable 
crop production, which as we have shown constitutes a challenge for 
organic farmers (H2, H3). The increased need for and interest in a shift 
from animal to plant protein in human consumption to mitigate climate 
change provides a challenge for organic farming in general, but poten
tially also an opportunity to use an increased demand for pulses, 
including organic pulses, to generate synergistic effects for BNF on 
organic farms (cf. Herridge et al., 2008; van Loon et al., 2023). Current 
economic challenges of increasing production of pulses in highly pro
ductive arable regions (Reckling et al., 2016), may be partly overcome if 
a “protein shift” affects market prices of pulses. A French study of con
sumers indicates that organic consumers already have a comparably 
large interest in pulses as their diets are richer in plant-based foods than 
non-organic consumers (Kesse-Guyot et al., 2021). Such a protein shift 
may, however, require additional research into novel methods for pro
cessing plants (Wanasundara et al., 2024).

3.2.7. Upscaled multi-actor research across space and time (H1, H2, H3, 
H4, H5, H6)

Organic farming has historically been subject to low research and 
development investments (Niggli, 2015). This has resulted in knowledge 
gaps, such that additional research is required to allow the development 
of organic farming without compromising its sustainability ambitions. 
We here highlight two such gaps: the need to cover processes over large 
spatio-temporal scales and the need for trans-disciplinary research.

When evaluating our hypotheses, it is important to consider spatial 
scales, because solutions can be implemented at the level of fields, farms, 
landscapes, or society at large. Whereas many studies on the certifica
tion constraints have been carried out at plot or field scales, there is 
increasing evidence of consequences of agricultural management at 
larger scales (Griffiths et al., 2008; Tscharntke et al., 2012). If landscape- 
scale processes – ecological or social – are crucial for the opportunity 
costs of organic farming, it will require enhanced focus on farmer 
collaboration (Sutherland et al., 2012; Šūmane et al., 2018). Upscaling 
solutions evaluated at small spatial scales may also not always be 
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feasible (Leifeld et al., 2016), e.g. because of regional availability of 
manure only being sufficient to a limited number of farms, or scale- 
dependent pest-natural enemy relationships. Ultimately, upscaling in 
the most productive regions will be related to identifying solutions that 
are sustainable at large spatial scales without relying on major structural 
changes in the agricultural sector such as the reintroduction of livestock 
production. Thus research needs to consider the constraints to uptake of 
organic farming using relevant system boundaries. Furthermore, while 
we in our review mostly considered short time horizons because most 
evidence pertains to that timescale, it has been argued that organic 
farming may face long-term issues, not the least related to ongoing 
climate change which may increase issues of weeds and pests (Wiréhn, 
2018) with relevance for the possibility to farm organically in produc
tive regions. Hence, there is a need to climate-proof organic farming to 
handle weeds, pests, and extreme weather events, e.g. capitalizing on 
knowledge about agroecological methods (Biswas and Das, 2024).

Moving forward, transdisciplinary research where practitioners and 
scientists together design and implement farming and food systems 
research is one way to create new actionable knowledge both in relation 
to management practices and policy support. Co-designed research 
which involves farmers, researchers and other stakeholders in the 
problem formulations and let farmers play a key role in designing the 
solutions, is a mechanism for engaging farmers in how to redesign 
farming systems to meet desired goals (Lacombe et al., 2018). Ap
proaches such as Living Labs (Cascone et al., 2024) could be gainfully 
employed to support transition to organic farming in highly productive 
regions if they are based on a bottom-up approach engaging motivated 
farmers. Trans-disciplinary research may also bridge the current scale- 
related disconnect between academics and farmers, where general ap
proaches and small-scale studies fail to inform farming in practice 
(Kleijn et al., 2019). Such efforts can integrate research and practice 
through, for example, farmer innovation tracking, multi-actor design of 
research, and public funding of field-scale trials (Maas et al., 2021; 
Salembier et al., 2021). However, at the same time this research must be 
embedded in a system-level understanding of farming across the spatio- 
temporal scales most relevant for farming activities and ecosystem 
processes underpinning pest, disease and weed control, and explore 
costs and benefits for farms and production regions pinning pest, disease 
and weed control, and explore costs and benefits for farms and pro
duction regions (cf. Kleijn et al., 2019; Salliou et al., 2019). A possible 
way to achieve this would be to allow scientific evaluation of agri- 
environment schemes to be an integral part of national implementa
tion of such schemes, e.g. as part of the Common Agricultural Policy in 
Europe (Smith et al., 2016).

4. Conclusions and outlook

Agriculture is essential for the production of food, feed, fibre, and 
biofuels, but at the same time causes pervasive environmental exter
nalities, including biodiversity loss, eutrophication, chemical contami
nation, and the weakening of regulating ecosystem services (Vitousek 
et al., 1997; Power, 2010). While organic farming offers a pathway to 
more sustainable food production, we have summarized a suite of 
challenges (“Hypotheses”) that may constrain its expansion in regions 
where uptake is currently low, but where it may also be most needed 
because of its potentially high environmental benefits. These challenges 
can be hierarchically arranged, so that addressing more fundamental 
and often agronomic considerations may help to reduce challenges more 
related to socio-economic processes and policy (“Overcoming con
straints”). Currently there is a range of options to do this by adhering to a 
knowledge-based development of organic farming targeting the specific 
challenges (“Solutions”). However, it is important to realize two major 
constraints on such developments. The first is that organic farming may 
only be a partial solution to sustainability issues in agriculture, because 
of certification constraints (e.g. nutrient supply) and the infeasibility of 
growing certain crops profitably. The second is to find solutions that do 

not undermine the sustainability of organic farming itself, but rather 
further develop the concept and practices building on ecological prin
ciples to narrow the ‘ecological yield gap’ by increasing the delivery of 
ecosystem services to support crop growth and substitute external inputs 
(van Ittersum et al., 2025). One potentially promising avenue is the 
utilization of new plant breeding techniques; while the current stand
point is that GMO-techniques and new genomic techniques are incom
patible with organic farming principles, there are opportunities to use 
other modern breeding techniques (Nuijten et al., 2017; Purnhagen 
et al., 2021). Finally, organic farming is strongly dependent on being, 
and being perceived as, a sustainable solution. With the interest in 
climate change spiralling because of the inability of nations to meet the 
Paris agreement on climate change, it may be pivotal for organic 
farming to increasingly focus on how agricultural methods can better 
target climate change mitigation and adaptation.

We have outlined the evidence supporting the different hypotheses 
and demonstrated support for all of them, but with varying strengths and 
quality of the evidence. It is, however, important to consider that both 
conventional and organic farming are dynamic systems, such that the 
validity of the hypotheses may vary over both space and time. For 
example, increased demand for sustainability in conventional farming, 
with increasing restrictions on the use of inorganic fertilisers and pes
ticides (e.g., European Commission, 2020; Wesseler, 2022), may indi
rectly reduce the certification constraints of organic farming with 
consequences throughout the hierarchy of hypotheses. Likewise, the 
certification constraints of organic farming will depend on how 
permissive certification schemes are for e.g. the use of pesticides (cf. 
Larsen et al., 2021; Tscharntke et al., 2021), affecting the need for 
organically tailored crop rotations. Organic farming, as other farming 
systems, is also experiencing rapid technological development, which 
may substantially increase production (Darnhofer et al., 2010; Sidemo- 
Holm et al., 2021), implying that certification constraints may be highly 
time-dependent.

Organic certification is also a constantly evolving process (see for 
example https://ec.europa.eu/transparency/expert-groups-register/s 
creen/expert-groups/consult?lang=en&groupID=3794) and as new 
technologies become available, the value of such technologies to organic 
farming will need to be considered in the context of organic farming 
principles. Furthermore, the spread of agroecological knowledge and 
practices, not the least to extension services, will reduce the opportunity 
costs of organic farming. Finally, the volatility of markets and policy can 
quickly and radically impact the magnitudes of constraints to organic 
farming. For instance, food price increases, or an increasing share of 
customers avoiding animal produce because of perceived climate ef
fects, will reduce consumer demand for organic dairy and other live
stock products and raise opportunity costs of organic crop rotations 
(H3), while putting additional pressure on organic farmers to find 
innovative ways to overcome certification constraints if they are to 
remain in business.

Thirty-five years after introducing public support to organic farming 
in Europe (Sanders et al., 2011), it is still only a minority of farmland 
and mainly in low-productive regions that has been converted. The 
wider certification constraints of farming may also mean that it will 
never become the sole solution to sustainability issues in farmland. Still 
organic farming can make a significant contribution to the sustainability 
of the whole agricultural sector and may serve as an inspiration for 
agroecological solutions in conventional farming (Eyhorn et al., 2019). 
However, to maintain that role, the constraints we have outlined need to 
be overcome with implementation of best management, better use of 
existing knowledge and technology, better designed public policy and 
transdisciplinary research and development involving multiple stake
holders from design to implementation.
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Brandt, K.K., Möller, K., Harder, R., Hermann, L., Speiser, B., Oudshoorn, F., Løes, A. 
K., Magid, J., 2024. Do contaminants compromise the use of recycled nutrients in 
organic agriculture? A review and synthesis of current knowledge on contaminant 
concentrations, fate in the environment and risk assessment. Sci. Total Environ. 912, 
168901.

Burney, J.A., Davis, S.J., Lobell, D.B., 2010. Greenhouse gas mitigation by agricultural 
intensification. Proc. Natl. Acad. Sci. USA 107, 12052–12057.

Burton, R.J.F., Schwarz, G., 2013. Result-oriented agri-environmental schemes in Europe 
and their potential for promoting behavioural change. Land Use Policy 30, 628–641.

Carr, P.M., Cavigelli, M.A., Darby, H., Delate, K., Eberly, J.O., Fryer, H.K., Gramig, G.G., 
Heckman, J.R., Mallory, E.B., Reeve, J.R., Silva, E.M., Suchoff, D.H., Woodley, A.L., 
2020. Green and animal manure use in organic field crop systems. Agron. J. 112, 
648–674.

Carvalho, R., Guedes, P., Mateus, E.P., Silva, V., Tyrologou, P., Koukouzas, N., Ribeiro, A. 
B., Couto, N., 2025. Soil contamination in Europe unveiled: a review of pesticides 
and metabolites to watch. Open Res. Eur. 5, 257.

Casagrande, M., David, C., Valantin-Morison, M., Makowski, D., Jeuffroy, M.-H., 2009. 
Factors limiting the grain protein content of organic winter wheat in south-eastern 
France: a mixed-model approach. Agron. Sustain. Dev. 29, 565–574.

Cascone, G., Scuderi, A., Guarnaccia, P., Timpanaro, G., 2024. Promoting innovations in 
agriculture: living labs in the development of rural areas. J. Clean. Prod. 443, 
141247.

Ceccarelli, S., Grando, S., 2022. Return to agrobiodiversity: participatory plant breeding. 
Diversity 14, 126.

Chaplin-Kramer, R., O'Rourke, M.E., Blitzer, E.J., Kremen, C., 2011. A meta-analysis of 
crop pest and natural enemy response to landscape complexity. Ecol. Lett. 14, 
922–932.

Charles, R., Baux, A., Dierauer, H., Daniel, C., 2020. Organic rapeseed in Switzerland: 20 
years of practice. OCL Oils. Fat. Crop. Li. 27, 68.
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Henri, D.C., Chabert, A., Costamagna, A.C., De la Mora, A., de Kraker, J., 
Desneux, N., Diehl, E., Diekötter, T., Dormann, C.F., Eckberg, J.O., Entling, M.H., 
Fiedler, D., Franck, P., Frank van Veen, F.J., Frank, T., Gagic, V., Garratt, M.P.D., 
Getachew, A., Gonthier, D.J., Goodell, P.B., Graziosi, I., Groves, R.L., Gurr, G.M., 
Hajian-Forooshani, Z., Heimpel, G.E., Herrmann, J.D., Huseth, A.S., Inclán, D.J., 

H.G. Smith et al.                                                                                                                                                                                                                                Agricultural Systems 235 (2026) 104699 

13 

http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0215
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0215
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0215
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0215
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0220
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0220
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0225
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0225
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0225
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0230
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0230
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0235
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0235
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0235
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0240
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0240
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0240
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0245
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0245
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0245
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0250
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0250
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0250
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0255
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0255
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0255
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0260
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0260
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0265
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0265
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0265
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0270
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0270
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0270
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0275
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0275
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0280
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0280
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0280
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0280
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0285
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0285
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0285
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0290
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0290
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0290
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0295
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0295
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021DC0141R%2801%29
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021DC0141R%2801%29
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0305
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0305
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0310
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0310
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0310
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0315
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0315
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0315
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0315
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0320
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0320
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0325
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0325
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0325
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0325
https://ec.europa.eu/eurostat/databrowser/view/ORG_CROPAR__custom_2190595/bookmark/table?lang=en&amp;bookmarkId=e2e1e28b-6c43-4665-ada8-262b7a902dd2
https://ec.europa.eu/eurostat/databrowser/view/ORG_CROPAR__custom_2190595/bookmark/table?lang=en&amp;bookmarkId=e2e1e28b-6c43-4665-ada8-262b7a902dd2
https://ec.europa.eu/eurostat/databrowser/view/ORG_CROPAR__custom_2190595/bookmark/table?lang=en&amp;bookmarkId=e2e1e28b-6c43-4665-ada8-262b7a902dd2
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0335
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0335
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0335
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0340
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0340
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0345
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0345
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0350
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0350
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0355
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0355
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0355
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0360
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0360
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0360
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0365
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0365
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0365
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0370
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0370
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0370
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0370
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0375
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0375
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0380
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0380
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0385
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0385
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0390
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0390
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0395
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0395
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0395
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0395
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0400
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0400
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0400
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0405
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0405
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0410
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0410
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0415
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0415
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0415
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0420
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0420
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0420
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0425
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0425
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0425
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0430
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0430
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0430
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0435
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0435
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0440
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0440
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0445
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0445
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0445
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0450
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0450
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0450
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0455
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0455
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0460
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0460
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0460
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0460
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0465
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0465
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0465
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0470
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0470
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0475
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0475
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0475
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0480
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0480
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0480
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0485
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0485
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0485
https://lucris.lub.lu.se/ws/portalfiles/portal/183523261/Melanie_Karlsson_-_WEBB.pdf
https://lucris.lub.lu.se/ws/portalfiles/portal/183523261/Melanie_Karlsson_-_WEBB.pdf
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0495
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0495
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0495
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0495
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0495
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0495
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0495
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0495
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0495
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0495
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0495
http://refhub.elsevier.com/S0308-521X(26)00067-3/rf0495


Ingrao, A.J., Iv, P., Jacot, K., Johnson, G.A., Jones, L., Kaiser, M., Kaser, J.M., 
Keasar, T., Kim, T.N., Kishinevsky, M., Landis, D.A., Lavandero, B., Lavigne, C., Le 
Ralec, A., Lemessa, D., Letourneau, D.K., Liere, H., Lu, Y., Lubin, Y., Luttermoser, T., 
Maas, B., Mace, K., Madeira, F., Mader, V., Cortesero, A.M., Marini, L., Martinez, E., 
Martinson, H.M., Menozzi, P., Mitchell, M.G.E., Miyashita, T., Molina, G.A.R., 
Molina-Montenegro, M.A., O’Neal, M.E., Opatovsky, I., Ortiz-Martinez, S., Nash, M., 
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Evaluating the path to the European Commission’s organic agriculture goal: A 
multivariate analysis of changes in EU countries (2004–2021) and socio-economic 
relationships. Agriculture 14, 477.

Kravchenko, A.N., Snapp, S.S., Robertson, G.P., 2017. Field-scale experiments reveal 
persistent yield gaps in low-input and organic cropping systems. Proc. Natl. Acad. 
Sci. USA 114, 926–931.

Kremmydas, D., Beber, C., Baldoni, E., Ciaian, P., Fellmann, T., Gocht, A., Hristov, J., 
Pignotti, D., Vicario, D.R., Stepanyan, D., Tillie, P., 2025. The EU target for organic 
farming: potential economic and environmental impacts of two alternative 
pathways. Appl. Econ. Perspect. Policy 47, 602–623.

Kurniawati, A., Toth, G., Ylivainio, K., Toth, Z., 2023. Opportunities and challenges of 
bio-based fertilizers utilization for improving soil health. Org. Agric. 13, 335–350.

Lacombe, C., Couix, N., Hazard, L., 2018. Designing agroecological farming systems with 
farmers: a review. Agric. Syst. 165, 208–220.

Lagerquist, E., Menegat, A., Dahlin, A.S., Parsons, D., Watson, C., Ståhl, P., 
Gunnarsson, A., Bergkvist, G., 2022. Temporal and spatial positioning of service 
crops in cereals affects yield and weed control. Agriculture 12, 1398.

Lalander, C., Lopes, I.G., Gyftopoulos, N., Vinnerås, B., 2025. The impact of scale and 
frass recirculation on pathogen inactivation dynamics in black soldier fly larvae 
bioconversion. Front. Microbiol. 16.

Lamichhane, J.R., Corrales, D.C., Soltani, E., 2022. Biological seed treatments promote 
crop establishment and yield: a global meta-analysis. Agron. Sustain. Dev. 42.

Lamine, C., Bellon, S., 2009. Conversion to organic farming: a multidimensional research 
object at the crossroads of agricultural and social sciences. A review. Agron. Sustain. 
Dev. 29, 97–112.

Lammerts van Bueren, E.T., Jones, S.S., Tamm, L., Murphy, K.M., Myers, J.R., Leifert, C., 
Messmer, M.M., 2011. The need to breed crop varieties suitable for organic farming, 
using wheat, tomato and broccoli as examples: a review. NJAS-Wagen. J. Life Sc. 58, 
193–205.

Lampkin, N., Sanders, J., 2022. Policy Support for Organic Farming in the European 
Union 2010-2020. Thünen Working Paper.

Lampkin, N., Foster, C., Padel, S., 1999. The Policy and Regulatory Environment for 
Organic Farming in Europe: Country Reports. Universität Hohenheim, Stuttgart- 
Hohenheim. 
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Mérel, P., Qin, Z., Sexton, R.J., 2023. Policy-induced expansion of organic farmland: 
implications for food prices and welfare. Eur. Rev. Agric. 50, 1583–1631.
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