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Abstract

In Sweden, climate projections indicate longer growing seasons with more frequent extreme
weather events, such as droughts and heavy rainfall, posing significant challenges to existing
crop systems. Simultaneously, the sector is under growing pressure to reduce its environmental
footprint, especially in response to agricultural nutrients runoff contributing to the
eutrophication of the Baltic Sea. These dynamics underscore an urgent need for resilient and
diversified cropping systems. Sorghum, a low-input, climate-resilient cereal that serves multiple
functions as food, feed and bioenergy, presents a promising opportunity in this context. Due to
lack of knowledge and experience on how to integrate it into the existing farming systems,
sorghum remains underutilized in northern Europe. In recent years, agricultural research
experiments have confirmed that some varieties of sorghum can be successfully grown in
Sweden. Along this line, this study aims to analyze the key perceived agronomic, socio-
economic and policy enablers and barriers facing the adoption of sorghum in Sweden, with a
focus on farmers’ perspectives. Using a qualitative, multi-method approach, the research draws
on a systematic literature review, two focus group discussions, interviews with 10 organic
farmers and 14 agricultural stakeholders, and a complementary policy document analysis. The
thesis conceptualizes a framework to guide its analysis building on the factors influencing
introduction deducted from the literature and incorporating attributes from the Diffusion of
Innovation theory. The findings indicate that while sorghum offers clear agronomic benefits, its
adoption in Sweden is constrained by perceived biophysical mismatches, limited seed
availability, and a lack of agronomic guidance. Its success is seen as highly site-specific, with
concerns around wet weather tolerance, maturity timing, and soil compatibility. Market
uncertainties, coupled with infrastructure gaps and low consumer demand, further limit its
potential. Additionally, policy frameworks such as CAP subsidies and seed regulations were
found to be pootly aligned with the needs of new crops like sorghum. Specifically, sorghum’s
exclusion from official CAP crop codes, lack of registered seed varieties, and administrative
ambiguities around eligibility criteria limit farmers' access to subsidies and technical guidance.
This places the burden of risk and experimentation largely on farmers without sufficient
institutional support. The thesis concludes that introducing sorghum at scale will require
coordinated policy support, market development, and improved farmer engagement. A guiding
roadmap is proposed to support its sustainable integration into Sweden’s agricultural systems.

Keywords: Sorghum, Farmer Perceptions, Climate-Resilient Crop Adoption, Agricultural
Policy, Sweden
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Executive Summary

1. Problem Definition and Research Questions

Climate variability, environmental degradation, and the persistence of monocultural practices
increasingly threaten the resilience of Sweden’s agricultural system (e.g., Horn et al., 2022;
Wiréhn, 2018). Within this context, the Baltic Sea Action Plan (BSAP) sets targets for reducing
agricultural runoff and eutrophication, reinforcing the urgency of transitioning toward more
sustainable and diversified cropping systems (HELCOM, 2021b). Sorghum (Sorghum bicolor), a
drought-tolerant, low-input, and multipurpose crop, presents potential benefits for food, feed,
bioenergy, and soil health while also supporting nutrient reduction (Hossain et al., 2022). Yet,
sorghum remains largely unexplored in the Swedish context. Researchers, amongst others
through the SORG4NOBAL project, studied and successfully proved the possibility of growing
different varieties of sorghum in Sweden (SI, 2023). Now the key challenge lies beyond its
technical feasibility and in understanding whether and how sorghum can be effectively
integrated into Sweden’s existing farming systems.

This thesis aims to analyze the key perceived agronomic, market, socio-economic, and policy-
related enablers and barriers facing the adoption of sorghum in Sweden, and to propose
actionable recommendations for its sustainable integration. To guide this aim, the following
research questions were addressed:

e RQ1: What are the key factors influencing the introduction of sorghum into Sweden’s
agricultural system?

o RQ1la: What influences the introduction of new crops in general?
o RQ1b: What influences farmers’ adoption of sorghum in Sweden?

e RQ2: How does the current policy landscape facilitate (or hinder) farmers’ adoption of
new crops like sorghum in Sweden?

In order to be able to answer to RQ1, first we need to investigate what socio-economic factors
and agronomic properties influence the introduction of new crops in general (RQ1a), and then
which of these factors are perceived to influence the adoption of sorghum by farmers in
particular in Sweden (RQ1b). Out of these factors, special focus is paid on policy that facilitate
ot hinder farmers’ adoption of sorghum in Sweden (RQ3).

2. Research Design, Materials, and Methods

A qualitative, constructivist research design was adopted, emphasizing farmers’ lived
experiences and sense-making within their social contexts as a primary group and end-user of
crop innovations (Creswell & Creswell, 2018). The research combined a systematic literature
review, two focus group discussions (FGD), 24 semi-structured interviews (10 organic farmers
and 14 stakeholders), and a document analysis of EU and Swedish policy documents. The
literature review synthesized 55 peer-reviewed articles to identify the range of factors influencing
new crop adoption. This review shaped the conceptual framework that responds to RQ1a,
informed by the contextual factors from the literature and rooted in the Diffusion of
Innovations (DOI) theory (Rogers, 1983). An FGD with SORG4NOBAL partners helped
refine this framework, resulting in the conceptualization presented in Figure 00-1Figure 00-1
Conceptual Framework. Data interpretation was guided by a thematic analysis, supported by NVivo
software. Deductive coding based on the conceptual framework was combined with inductive
analysis to identify emergent themes. Triangulation of sources and iterative refinement of
research focus ensured internal validity.
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Figure 00-1 Conceptual Framework
3. Key Findings

In response to RQ1a, a conceptual framework was developed, showing that the introduction of
new crops is influenced by a combination of agronomic suitability, market access, and the
availability of knowledge and policy support systems (Figure 0-1). The framework, utilized for
this study, constitutes the theoretical contribution of this research.

In the specific case of sorghum (RQ1b), the findings show that while sorghum offers promising
agronomic benefits, particularly its drought resilience and low input requirements, its adoption
in Sweden is limited by a combination of perceived biophysical mismatches, market
uncertainties, and weak policy visibility. Sorghum is widely viewed as a climate-resilient crop
with potential benefits for low-input systems, degraded soils, and biodiversity. However, its
success was seen as highly site-specific, constrained by uncertainties around wet weather
tolerance, maturity timing, soil compatibility, and day-length sensitivity, limiting its reliability in
many Swedish regions. There was a general skepticism on whether sorghum can be suited to
Sweden’s northern and diverse biophysical conditions, and this presented a perceived bartier to
adoption, showing that knowledge on which varieties of sorghum could fit in which areas of
Sweden is a pre-requisite for adoption. Moreover, moderate yields were found to be acceptable
on marginal lands as a risk-mitigation crop, but sorghum’s underperformance compared to
maize in good years undermines wider uptake unless balanced by clear market incentives or
policy premiums. While several farmers were open to experimenting with sorghum, the lack of
adapted seed varieties and agronomic guidance remained key barriers. Additionally, market
access emerged as a decisive concern but not in isolation. It was understood as intertwined with
infrastructure gaps, low consumer demand, and the absence of clear pricing or secure sales
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channels. Nearly all farmers and half of stakeholders stressed that without a guaranteed buyer
and clear price, even the most agronomically promising crops fail once initial project funding
ends. Stakeholders reinforced that prearranged contracts and long-term partnerships are
essential to de-risk cultivation, underlining that market creation requires coordinated action
among farmers, buyers, and value-chain actors. Finally, socio-economic drivers, particularly
farmer motivation, play a key role. Curiosity, ecological ideals, and biodiversity goals inspire
many, yet profit considerations and risk aversion reduce the enthusiasm. Farmers tend to view
sorghum more as an “insurance crop” than a profit maximizer. Labor requirements proved
ambivalent: small-scale operations saw minimal hurdles, yet gluten-free certification and
attentive crop “baby-sitting” introduce process-specific burdens not widely documented in the
global literature. Cultural factors and peer networks can additionally influence adoption.

In response to RQ2, first, the study found that the policies affecting new crops’ introduction
are not fully visible to most farmers. Half of the interviewed farmers could not name a single
climate-resilient or diversification incentive, and those who did only cited generic infrastructure
grants or the need for EU crop registration. Second, subsidies under the CAP, though officially
crop-neutral, were found to favor established crops. The Swedish board of agriculture described
how sorghum could be entered via a “free-text” code instead of the dedicated codes,
constituting an extra bureaucratic hurdle that discourages experimentation. This aligns with
OECD (2018), which warns that administrative complexity undermines CAP flexibility, and
confirms Johansson & Gidlund’s (2021) critique that national implementation can re-introduce
crop-specific bias. Although organic and biodiversity schemes offer targeted payments, usually
easier to access, none explicitly cover sorghum’s environmental benefits, revealing a
misalignment between ecological potential and compensation design. Third, seed regulations
present a further barrier. Stakeholders and farmers emphasized the difficult import procedures,
a ban on selling farm-saved seed, and the prohibitive costs of variety registration. While these
rules uphold EU phytosanitary standards and Distinctness, Uniformity, and Stability (DUS)
requirements, they also hinder small-scale innovation. Finally, public investment in research,
centrally managed through Formas and EIP-AGRI, is viewed as well-designed but inaccessible
to smaller actors due to its reimbursement-only model.

4. Conclusions and Recommendations

The adoption of sorghum in Sweden is limited not by its technical feasibility but by a
combination of site-specific agronomic concerns, weak market incentives, low institutional
visibility, and insufficient policy support. To realize its potential, systemic and coordinated
efforts are needed. Based on the findings of this research, a guiding roadmap (Page 68) is
proposed targeting key actors, including Jordbruksverket, SLU, agricultural cooperatives,
municipalities, and the Ministry of Rural Affairs to create an enabling environment for
supporting farmers’ experimentation.

The roadmap is proposed in three interconnected phases. The foundation phase focuses on
enabling early experimentation by funding farmer-led agronomic trials, registering seed varieties,
and promoting awareness, while clarifying CAP eligibility and introducing transitional support
mechanisms. The scaling phase builds on eatly successes by documenting and sharing outcomes
from initial adopters, stimulating demand through public procurement and niche markets such
as school meals, establishing long-term contracts with processors and cooperatives to reduce
farmer risk, and integrating sorghum into political support mechanisms. Finally, the
infrastructure and incentives phase aims to institutionalize adoption by integrating sorghum into
climate adaptation strategies, investing in digital agronomic tools and advisory platforms, and
supporting local breeding efforts to develop well-adapted varieties.
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1 Introduction

Agriculture globally is becoming increasingly vulnerable to climate change, environmental
degradation, and the risks associated with large-scale monocultural practices (i.e. cultivating a
single crop over an entire farm or area (FAO, 2001)). The shifting of the weather patterns by
climate change leads to prolonged droughts, severe floods, extreme temperatures, extended dry
spells, and irregular rainfall patterns (IPCC, 2021). These changes not only affect crop yields,
but also threaten food security, economic stability, and ecosystems’ health all over the world
(FAO, 2018). At the same time, industrialized food systems that are enabled by practices like
deforestation, soil degradation, and the overconsumption of chemicals have amplified these
risks (FAO, 2024). This trend is further intensified by the “cheaper food paradigm,” where
producing more food at lower costs fuels greater demand, incentivizing land clearing and
monoculture expansion (Benton et al., 2021; ICDA, 2021). While monocultures have allowed
more efficient sowing and harvesting of high-in-demand crops to feed the growing populations
on the short-term (St. Clair et al., 2020), they come at high environmental and agricultural costs
on the long-term. Due to their genetic homogeneity, monocultures show increasing vulnerability
to diseases and pest outbreaks, climate extremes, soil degradation and eventual yield instability
(Nath, 2016). This underscores the need for more innovative agricultural approaches.

One promising path forward is sustainable agriculture, which focuses on decreasing negative
externalities on the environment and emphasizes the establishment and maintenance of farming
techniques that are already compatible with natural processes (Anshuman & Mallick, 2024,
Gamage et al,, 2024). Crop rotation, cover crops, conservation tilling and organic farming are
all examples of sustainable agriculture practices (Anshuman & Mallick, 2024). Equally important
is the concept of Climate Resilient Agriculture (CRA), which enables agricultural systems to
swiftly rebound from disrupting changes (Anshuman & Mallick, 2024). CRA includes
interventions such as enhancing soil resilience, adapting crop varieties and farming systems,
water conservation technologies and crop contingency plans (see Anshuman & Mallick, 2024
for a more detailed discussion). Adopting such strategies does not only address global
challenges, but also offers practical solutions for regions facing climate unpredictability.

Sweden’s agriculture — like much of Europe’s — is already facing increasing climate variability.
However, the agricultural sector in the Nordic countries is debated to be both a potential winner
and loser when it comes to climate change. With both the mean annual precipitation and peak
daily temperatures of Sweden projected to increase, the vegetation period is expected to extend
by 10-30 days between 2011 and 2040 (Horn et al., 2022). This translates to the agricultural
sector benefitting from climate change. On the other hand, it is also expected that extreme
weather events would become more frequent, threatening the Swedish agriculture if adaptation
measures are not adopted (Horn et al., 2022; Wiréhn, 2018). Since about 90% of the agriculture
in Sweden is rainfed, it is especially affected by changes in rainfall patterns posed by climate
change (Jacob et al., 2014); The predicted increased drought during the Nordic agriculture’s
growing season and increased precipitation during harvest are additionally expected to negatively
impact crop yields (Wiréhn, 2018). The 2018’s drought summer in Northern Europe showcased
the agricultural systems’ vulnerability (Grusson et al., 2021) as it led to substantial reductions in
cereal yields — 43% below the previous 5-year average — and a decline in livestock numbers due
to limited fodder availability (Statistika Meddelanden, 2018). Yet, the effect of climate change is
not the only force in play when it comes to negative environmental impacts.

Intensive agricultural practices have also contributed to environmental issues such as the
eutrophication of the Baltic Sea through the runoff of excess nutrients (HELCOM, 2021a). The
nutrient overload leads to oxygen-depleted zones that triggers the loss of marine biodiversity
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(HELCOM, 2021b). The result of this environmental catastrophe affects the entire ecosystem
and extends to losing the ecosystem services provided by the Baltic Sea, reflected in the suffering
of fishers’ livelihoods through damaging their fishing gears and reduced catches. Furthermore,
the eutrophication negatively affects the region’s historical and cultural values (HELCOM,
2021b). With Sweden’s vulnerabilities, it serves as an ideal case study to explore sustainable
alternatives that can enhance resilient agriculture and environmental quality.

Building on the sustainable and climate-resilient agriculture strategies outlined above, one of the
highly promising approaches is to harness agrobiodiversity — the diversification of crops,
farming management systems, and enhancing ecosystems (FAO, n.d.-a). Unlike sustainable
agriculture and CRA, which are often described as frameworks or goals, agrobiodiversity
functions as both a means and an outcome. It contributes to sustainability by enhancing soil
health, nutrient cycles, and ecosystem functioning and supportts resilience by buffering against
pests, diseases, and climate extremes (Thrupp, 2000). In this sense, agrobiodiversity is not a
separate concept, but a core strategy through which both sustainability and climate resilience
can be achieved (European Commission, 2023). Thus, integrating alternative crop options into
existing rotations becomes a strategic avenue to enhance resilience. Sorghum is a promising
candidate of such crops.

The UN General Assembly designated 2023 as the “International Year of Millets/Sorghum” to
inspire key stakeholders to consider sorghum in their operations and to raise public awareness
of sorghum's multipurpose properties as a food-feed-bioenergy crop (FAO, 2023). Globally,
sorghum is the fifth most cultivated cereal crop, particularly prominent in semi-arid regions
where it is valued for its resilience and versatility (Hossain et al., 2022). Despite its global
significance, sorghum remains largely unknown and underutilized in northern Europe, including
Sweden, where temperate climates and unfamiliarity have limited its cultivation. Sorghum is a
low-input, climate resilient crop that originated in Africa, well known for its exceptional drought
and heat tolerance (Hossain et al., 2022). Its deep roots and large biomass help advance efficient
nutrients uptake, accumulate organic carbon in the soil, and enable efficient water use (Hossain
et al., 2022). Moreover, sorghum’s overall low-input requirements reduce its dependence on
chemical fertilizers compared to other cereals (Hossain et al., 2022). Additionally, it is a C4 plant,
which means that it functions better in high light and drought conditions compared to C3 plants
like wheat and oats due to its specialized photosynthetic mechanism that capture carbon dioxide
more efficiently (Zhu et al., 2010). These agronomic advantages position sorghum as a crop that
can thrive under the increasingly unstable climate. Furthermore, not only is sorghum a major
feed crop for animals in both eastern and western countries (like Brazil, Australia and the United
States), but it also has great nutritional potential as gluten-free human food, and it can be used
for bioenergy generation due to its high biomass, among other potential uses (Hossain et al.,
2022). Hence, if sorghum can be introduced as an innovative crop rotation practice in the
Nordic-Baltic agriculture, it would potentially provide food, feed, fiber, and bioenergy while
lowering the eutrophication and pollution in the Baltic Sea and contributing to improved
resilience and soil health. Even though sorghum has generally gained credibility for being a
climate-resilient staple crop globally, its potential in the Nordic countries is underexplored and
its successful integration into Swedish agricultural systems depends on more than its agronomic
properties. Ongoing research indicates that sorghum can be successfully adapted to Swedish
conditions (SI, 2023), but a research gap exists in understanding how to effectively integrate
sorghum into local agricultural systems.

1.1 Problem Definition

The Baltic Sea Action Plan (BSAP) aims to address the pressing ecological challenges facing the
Baltic Sea (HELCOM, 2021b), with a particular focus on the pesticide pollution and
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eutrophication that stems from the intensive agricultural practices in the region. Incorporating
low-intake crops, such as sorghum, in the crop rotation systems could contribute to addressing
the problem. In the SORG4NOBAL project, which this thesis contributes to, researchers have
studied and successfully proved the possibility of growing different varieties of sorghum in
northern latitudes. The next step would be enabling its introduction through systemic support.

Much of the literature on sorghum has focused on its potential in food security, its diverse
applications as a food, feed, and bioenergy crop, and its climate resilience against diverse climatic
conditions (e.g., Ciampitti et al., 2020; Tonapi et al., 2020). Such studies have framed sorghum
as a versatile and adaptable crop with an outstanding ability to thrive even in drought, high
temperatures, and poor soil conditions. However, whether and how sorghum could fit into
existing agriculture systems in Sweden, or Europe, has not been researched yet. Nevertheless,
factors affecting the introduction of new crops have been researched for different cases, and
they generally vary between agronomic, economic, policy-related, social, and environmental
factors. Examples include analytical research on the introduction of rapeseed in Canada,
soybean in the US (Jolliff & Snapp, 1988), new varieties of disease resistant apples in different
areas of Europe (Nuijten et al., 2018), canola and pulse crops in the Australian wheat belt (Maaz
et al., 2018), and energy crops in Sweden (Ostwald et al., 2013).

Despite the extensive research on the adoption of new crops, factors influencing their
integration into agricultural systems are highly context-specific. The literature provides a general
listing of these factors, but there is still a need to understand Sweden’s unique agricultural and
policy landscape. For example, the national implementation of the Common Agricultural Policy
(CAP) and understanding the impact of Sweden’s seed regulations on the introduction of crops
are crucial aspects. This especially needs to be interlinked with the characteristics of sorghum as
a climate-resilient crop with low requirements and understanding what factors stand in the way
of crops that can enhance the resilience of Sweden’s agricultural systems. Without this
understanding, agronomic research may not translate into real-world adoption.

This research problem is thus twofold. Practically, it involves assessing whether and how
Sweden’s policy and market frameworks support the sustainable uptake of sorghum — a crop
that can simultaneously reduce environmental pollution, and contribute to a more resilient
agricultural system. Academically, it entails a thorough examination of the institutional and
socio-economic mechanisms that affect the integration of innovative, resilient crops within
established agricultural systems, resulting in a conceptual framework that explores the
contextual factors affecting new crop adoptions.

1.2 Aim and Research Questions

Researchers have confirmed that some varieties of sorghum can be successfully grown in
Sweden, but a significant knowledge gap remains regarding how to effectively integrate it into
existing farming systems. While this broader gap spans agronomic performance, market
development, and policy alignment, this thesis specifically contributes to understanding the
farmers motivations and perceived socio-economic and policy factors influencing adoption.

This research aims to analyze the key perceived agronomic, market, socio-economic and
policy enablers and barriers facing the adoption of sorghum in Sweden and propose policy
recommendations to support its sustainable integration in the Swedish agricultural system. This
will be done through capturing multi-stakeholder perspectives. To achieve this aim, two main
research questions have been formulated:
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e RQ1: What are the key factors influencing the introduction of sorghum into Sweden’s
agricultural system?

o RQla: What influences the introduction of new crops?
o RQ1b: What influences farmers’ adoption of sorghum in Sweden?

e RQ2: How does the current policy landscape facilitate (or hinder) farmers’ adoption of
new crops like sorghum in Sweden?

In order to be able to answer to RQ1, first we need to investigate what socio-economic factors
and agronomic properties influence the introduction of new crops in general (RQ1a), and then
which of these factors are perceived to influence the adoption of sorghum by farmers in
particular in Sweden (RQ1b). Out of these factors, special focus is paid on policy that (can)
facilitate or hinder farmers’ adoption of sorghum in Sweden (RQ?3).

Aligning with the BSAP, the SORG4NOBAL project explores the feasibility and benefits of
introducing sorghum into the Baltic Sea region with partners from Azerbaijan, Estonia,
Lithuania, and Ukraine (SI, 2023). This thesis will be feeding from and into the SORG4NOBAL
project to result in actionable recommendations for the sustainable integration of sorghum in
Sweden’s agricultural system.

1.3 Scope and Delimitations

This study is designed to examine the enabling conditions and obstacles within Sweden’s socio-
economic and policy landscape. Although sorghum introduction is being discussed in a broader
European context, this research is geographically and deliberately limited to Sweden due to the
constrained time available for the thesis and the relevance of Sweden in addressing Baltic Sea
eutrophication in the broader context of the need for resilient agriculture. Furthermore, the
study can be generalized for the regions above 48° Northern Latitude where sorghum adaptation
has not been fully exploited yet. The study uses qualitative research methods, including a
systematic literature review, focus group discussions with SORG4NOBAL project partners,
targeted interviews with relevant stakeholders, and an analysis of the key policies shaping
Sweden’s agricultural landscape. This approach is chosen to provide in-depth insights into
specific enablers and barriers to sorghum adoption from a diverse group of actors.

The delimitations of the study include the exclusion of any quantitative analysis; assessments of
sorghum yields, economic performance, or large-scale field trials are not incorporated.
Additionally, as current research has demonstrated the technical adaptability of sorghum in pilot
plots in Alnarp, Sweden (SI, 2023), this study does not evaluate actual integration trials. Instead,
it explores potential enablers and obstacles to future adoption. Moreover, the focus of the study
is on understanding the institutional and perceived socio-economic factors affecting its uptake
in the Swedish context from a qualitative standpoint — and not on the agronomic properties of
sorghum. Furthermore, while consumers are acknowledged to be key actors in driving demand
for crops, the study focuses more on farmers and policy makers — along with their interactions
together. This is motivated by the importance of farmers in adopting innovative crops and the
necessity of understanding farmers’ incentives, willingness and concerns when it comes to new
changes, in conjunction with policies supporting or inhibiting these changes. Finally, there is
currently very limited published research on sorghum in Europe, so the literature review on the
crop mostly borrows from research published in Africa, the US and Asia. This means that some
of the qualities unique to sorghum under the European climate are not practically reflected,
particulatly in Nordic areas, and subject areas like the potential advantages and uses of sorghum
have not been thoroughly defined nor tested in this region. To compensate for this, interviews
were held with crop specialists from Europe in their eatly research with sorghum.
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1.4 Ethical Considerations

While this research is done in collaboration with the SORG4NOBAL project, I carried out my
own independent research and chose the research direction and design with the help of my
supervisors. The costs associated with the Azerbaijan focus group were funded by the
SORG4NOBAL project for all the project partners, including my travel expenses. Other than
this, my research was not funded by external organizations. To maintain transparency and
integrity throughout the research, the ownership of different authors’ ideas, texts, images and
other written and visual material were attributed with an appropriate referencing system.

The quest of capturing perspectives from key stakeholders included collecting their written
consent for voluntary participation in the study for both the interviews and the focus groups.
Before conducting interviews, participants were provided with detailed information about the
study’s purpose, nature, and their right to withdraw from the study at will. They were also given
the option to tick for their consent to be identified by their organization and/or name, and for
their participation to be audio- and video-recorded and analyzed as illustrated in the consent
form provided in Appendix F. Even though most participants gave consent to be identified by
name, they were all eventually anonymized as no value was found in reporting them in this
research (Creswell & Creswell, 2018). Furthermore, the recorded interviews and all empirical
data were stored on a password protected folder on my hard drive as per the GDPR regulations,
and anonymization of the respondents took place with the codes stored on a separate file.

Moreover, as detailed in Section 3.1, this thesis follows an action research approach where
farmers were involved in awareness-raising activities prior to data collection. This approach
entails a key ethical consideration, which is the potential influence of these activities on the
responses of the interviewees who may have adjusted their perspectives based on the
information provided. This flags concerns regarding response bias and the authenticity of
participants’ pre-existing views, particularly relevant to the participants that have actually taken
part in these activities. To mitigate this, the interviews were designed to encourage open-ended
discussions and to emphasize that there are no right or wrong answers(Creswell & Creswell,
2018). Additionally, in farmers’ interviews, the motivations of farmers were explored for the
adoption of climate resilient crops in general before exploring the specific topic of sorghum to
test their willingness regardless of the communicated attributes of sorghum. In spite of these
measures, there remains a possibility of some influence as a limitation of the study, which should
be considered when interpreting the findings.

1.5 Audience

This research provides relevant insights for a broad range of stakeholders intersecting in
agricultural systems and involved in the promotion of climate-resilient agricultural strategies. It
is particularly useful for stakeholders interested in the promotion of sorghum in Sweden and in
the Baltic Sea region. First and foremost, policymakers and government agencies can benefit
from the study’s findings as it identifies key perceived socio-economic and policy-related factors
influencing the adoption of sorghum. Additionally, the thesis offers a guiding roadmap to
facilitate sorghum’s integration into Sweden’s regional agricultural systems, which can be useful
not just for actors interested in sorghum introduction, but also those interested in the
introduction of other climate-resilient crops and strategies in general.

Farmers and agricultural cooperatives are also a key audience to this research, since the findings
highlight their motivations and challenges in transitioning to the cultivation of new crops.
Understanding these factors enables the development of targeted support programs and
resources that empower farmers to adopt innovative crops and adaptation strategies. Moreovet,



Habiba Allam, HIEE, Lund University

the research contributes to the awareness raising among farmers on sorghum’s potential and
cultivation technicalities. Furthermore, interviews with various agricultural stakeholders
introduce the concept of climate resilient crops to those with little or no prior knowledge, with
the goal of broadening their understanding of available technologies and strategies that they can
utilize to help mitigate the effects of climate change. The hope is to give back to the farmers
community through knowledge sharing, and not just benefitting from them through data
collection.

For industry stakeholders, including seed companies and agricultural consultants, this research
can help them to better understand farmer decision-making processes, and the potential for
expanding sorghum cultivation in the region.

Finally, for researchers and academics studying climate adaptation in agriculture, food security
and sustainable farming practices, this thesis develops a conceptual framework that synthesizes
the key influential factors in the uptake of new crops. While caution needs to be taken in
generalizing the findings of this thesis, this framework offers a systematic approach for mapping
such variables, enabling researchers to adapt and apply the findings in different contexts. The
study’s qualitative approach and focus on farmers’ perspective can serve as a reference for future
research in related fields.

1.6 Disposition

This thesis is organized into six chapters:

Chapter 1 introduces the research topic, and outlines the research aim, scope, ethical
considerations and the audience for whom this thesis is intended.

Chapter 2 presents a review of the relevant literature, starting with an overview on sorghum,
and moving towards the factors influencing the introduction of new crops, Sweden’s agricultural
policy landscape, and a conceptualization of the framework used in this study (addressing

RQ1a).
Chapter 3 discusses the research design and the employed materials and methods.

Chapter 4 presents the research results and analysis. The first three sections (4.1-4.3) respond
to RQ1b through presenting the interview findings and cross-matching them against the
literature review. Section 4.4 responds to RQ2, integrating the interview responses on the policy-
related factors and with the complementary document analysis for triangulation and a deeper
understanding.

Chapter 5 offers a reflection on the conceptual framework and discusses how this research’s
methodological choices affected the results and introduced limitations. This is also where areas
for future research are recommended.

Finally, Chapter 6 concludes the research by summarizing the main findings and presenting a
guiding roadmap for sorghum introduction that is grounded in the research results.
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2 Literature Review

Most of the existing literature on sorghum has focused on its agronomic performance, breeding
efforts and genetic improvement, and potential role in food security in the Global South. There
is limited attention in research given to the socioeconomic, policy, or market-related aspects of
its adoption, especially in Northern regions like Sweden. As a result, there is a knowledge gap
concerning how and under what conditions sorghum could be introduced to the country’s
cropping systems.

To address this gap, the literature review is organized into four parts. Section 2.1 focuses on the
current body of research related to sorghum, summarizing what is known about its agronomic
properties, environmental benefits, and general adoption trends. This section lays down the
foundation for understanding sorghum's potential and the types of systems in which it may be
integrated. Section 2.2 shifts focus from sorghum specifically to a broader exploration of crops
with similar characteristics and/or uses, looking into the factors affecting their introductions in
different contexts. This comparative lens draws on examples such as caraway, intermediate
wheatgrass, and willow to identify key drivers and barriers that shape the adoption of new crops.
Section 2.3 then presents an overview on the relevant aspects of Sweden’s agricultural policy
landscape affecting adoption within the country. Finally, section 2.5 provides the conceptual
framework that highlights the relevant factors that may also influence sorghum’s uptake in the
Swedish context, building on Section 2.2 and experts’ opinions.

2.1 What We Know About Sorghum

This section offers a brief overview on the sorghum’s global presence and its characteristics to
justify its appeal for Sweden. It is important to mention that the literature inspiring it is mostly
borrowed from developing countries and studies from the global South, in particular south of
the 48 degrees latitude, reflecting the under-explored properties of sorghum more in the
Northern Countries. This is because much of the existing research on sorghum is concentrated
in the warmer topical and sub-tropical zones. In contrast, breeding programs targeting long-day
conditions and low temperatures characteristic of Northern Europe are limited and relatively
new. The availability of genetic prototypes suited for these regions remains a bottleneck, and
the long timelines required for breeding further slow the process. Hence, a disclaimer is
necessary that this section reflects the status of sorghum in areas of the world different to the
one in question here — which makes sense given its novelty in the Northern Latitudes.

Sorghum (Sorghum bicolor) is an annual cereal grain of the grass family (Poaceae) (FAO, 2023). It
is the fifth most important cereal crop worldwide with an important role in food security,
especially in areas prone to climate-induced stresses (Ciampitti et al., 2020; Tonapi et al., 2020).
It has proven to be resilient to drought, high temperatures and poor soil conditions, yet it
remains underutilized in many areas outside of its traditional locations (i.e. Sub-Saharan Africa
and South Asia) (Hossain et al., 2022; Morales et al., 2024). These characteristics are explored
further in this section.

Over 90% of global sorghum production happens in developing countries, especially in semi-
arid Africa and Asia (FAO, n.d.-b), as it is mostly cultivated across the tropical, subtropical and
temperate regions (Morales et al., 2024; Tonapi et al.,, 2020). Whereas some researchers are
optimistic about improvement of yields globally because of the crop’s adaptability to climate
change (Hossain et al., 2022), others highlight the slow rate of genetic gains of sorghum
compared to other cereals and present a more pessimistic prospect (Ciampitti et al., 2020).
Current research indicates that yields are significantly less specifically in developing countries
and attribute it to sorghum cultivation moving to marginal lands with less soil quality or less
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favorable climates which are inherently less productive (Hossain et al., 2022; Teferra & Awika,
2019), as opposed to developed regions like the US and Latin America where intensive
cultivation and high input prevail.

Sorghum is bred into several types with varying uses and applications across different locations.
If divided based on its use, then its main types are grain sorghum, sweet sorghum, forage
sorghum and biomass sorghum (Ge et al., 2022; Purseglove, 1972); Grain sorghum has variable
grain weights with growth depending on many factors, while sweet sorghum has sugary juice in
its stems, forage sorghum grows tall and is used as animal feed and biomass sorghum has long
flower heads used to make brooms (Ge et al., 2022; Purseglove, 1972). Sorghum grain is a staple
cereal in parts of Africa, India, and China - that is ground into flour for flatbreads, porridges,
and snack foods (FAO, n.d.-b). Being gluten-free, sorghum flour and products have gained
interest in healthy foods. Yet, the major share of sorghum production goes to feed; grain
sorghum is heavily used particularly in poultry and cattle rations as a maize substitute, whereas
forage and sweet sorghums serve as silage, hay or grazing as the whole plant (stems and leaves)
is nutritious fodder (Mwamahonje et al., 2024). Additionally, sweet sorghum juice can be used
in ethanol or butanol biofuel production, and even as a traditional sweetener ICRISAT, 2020).
There are many differences in how sorghum looks, arising from both natural evolution and
human breeding (Ge et al., 2022). This shows sorghum has a lot of useful genetic diversity,
serving its varying utility from food and feed, to biomass and biofuel production to its industrial
purposes as building material (Hossain et al., 2022; Tonapi et al., 2020). While not exclusively,
sorghum in developing countries serves more as a staple food for more than 500 million people,
while for developed countries the usage shifts towards livestock feed and biofuel production
(Ciampitti et al., 2020; Hossain et al., 2022; Teferra & Awika, 2019; Tonapi et al., 2020). The
contrast between its role in subsistence farming versus the niche industrial uses also highlights
a divergence in global significance and a required understanding of the potential unique needs
of countries for sorghum.

Sorghum’s major strength lies in its adaptability to diverse climatic conditions — including wide
ranges of temperatures and moisture regimes in addition to the possibility of planting it in rain-
fed and irrigated areas — which makes it a good candidate for addressing agricultural challenges
that are posed by climate change (Ciampitti et al., 2020; Tonapi et al., 2020). It is a C4 crop that
has a high water-use efficiency and photosynthesis at high temperatures (Zhu et al., 2010). These
agronomic advantages position sorghum as a crop that can thrive under the increasingly unstable
climate, which stands true when compared to maize — the cereal grown most widely in Europe
(European Research Council, 2023). Simply put, sorghum’s tolerance to drought and high
temperatures increase its potential as a climate change adaptation crop in Europe.

Sorghum contributes to sustainable farming through the incorporation of different
environmental benefits. For instance, sorghum is a popular cover crop that adds large amounts
of organic matter, enhances soil microbial biomass and breaks pest cycles when grown (Paudel
et al., 2021). Its extensive root systems improve the soil structure and water infiltration (Paudel
et al, 2021). Additionally, studies show that sorghum can release natural chemicals with
biological nitrification inhibition (BNI) capacity that slow down nitrification in the soil (Bozal-
Leorti et al., 2023). This means that as a cover crop, it may help reduce nitrogen pollution for
the crops that are planted afterwards. Moreover, sorghum is a low input crop that, due to its
efficient nitrogen use, performs well with minimal irrigation and fertilizers, which lowers
greenhouse gas emissions and runoff (University of Copenhagen, 2025). When grown as a
summer crop (May-October) in rotations, sorghum diversifies the landscape. Compared to
continuously growing maize or rice, including sorghum can break disease and insect cycles
(University of Copenhagen, 2025). By using less water and chemicals, sorghum cultivation helps
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preserve the on-farm biodiversity and soil microbial diversity. Due to the eco-friendly benefits
sorghum offers, it is starting to be grown in new places.

Sorghum acreage in the EU has been expanding. Southern European countries grow sorghum
on a modest but growing scale as a drought-resilient rotation crop (European Research Council,
2023). Evidently, sorghum’s production in Europe experienced a 57% rise over the past decade
(European Research Council, 2023). France leads this trend with ~103,000 ha of grain sorghum
in 2024 (European Research Council, 2023), while Spain remains the largest European importer
for livestock sorghum feed but has potential to boost domestic production (European Research
Council, 2023). Meanwhile, there are breeding programs in Northern Europe that are exploring
early-maturing varieties suited to cooler climates for its low-input requirements, soil-health
benefits and adaptability to changing climate (SI, 2023; Teferra & Awika, 2019).

2.2 Factors Influencing the Introduction of New Crops

""New crops must attempt to succeed within a system that has evolved to favor
conventional crops” (Blade & Slinkard, 2002, p. 67)

Factors affecting the introduction of crops have been researched for different cases in different
areas, and they generally vary between agronomic, economic, policy-related, social, and
environmental factors. Relevant literature has shed light on the interplay of some of these factors
and their implications for successful crop introduction and scaling. These factors are mapped
to relevant literature in Appendix A to illustrate how they informed the conceptual framework.
Yet the dynamics behind introducing new crops into such systems are far from straightforward.

A compelling entry point to understand how the introduction of new crops is shaped by
different intersecting factors can be presented through the story of hybrid corn adoption in the
United States. In the mid-20" century, the U.S. government pushed hybrid corn as a way to
increase yields. However, Kloppenburg (2004) argues that corn yields could have been increased
without hybridization and that the U.S. government only promoted this hybridization because
it provided a biological patent that attracted the private sector’s interest in plant breeding. The
question remains: why? This is because hybrid seeds cannot be replanted, so farmers would have
to buy new seeds each year, offering a profit model for private companies. This means that the
government was not just advocating productivity, but was creating a market that shifts powers
from farmers to the private sector (Kloppenburg, 2004). Fitzgerald (1993) points out that the
hybrid corn led to de-skilling the farmers who before the hybrids used to save corn seeds, select
the traits, and operate with a deep breeding knowledge. With hybrids, however, the farmers
turned into seed buyers and lost part of their expertise and control. Such arguments assume that
technology leads to one clear outcome (e.g., de-skilling, corporate control, ... etc). More
nuanced views are offered by Buttel (2001) who contributed that not all farmers were simply
victims of these technologies and that many farmers welcomed hybrid corn because it solved
their very real problem of low corn yields. During this time, Buttel argues that farmers supported
university research which brought useful breakthroughs, and that this means that farmers
sometimes embrace technologies, even if they reduce their own independence. This suggests
that farmers are not passive recipients of policy or technology; they weigh costs, benefits, risks
and needs when choosing a new crop or technology. So, while policy incentives or extension
support can create an enabling environment, new interventions ultimately depend on how well
they align with farmers’ priorities.

This example illustrates a central theme in the literature: the adoption of new crops is rarely the
outcome of a single driving factor. Instead, it is co-shaped by institutional agendas, market
incentives, technological constraints, and farmers' petrceptions of risk and opportunity.
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However, to simplify this literature review, different factors are extracted from the literature and
expanded on for clarification. With the example of hybrid corn in mind, it is important to
remember that these factors do not operate in isolation, but instead they interact and co-shape
the pathways through which new crops are introduced and adopted.

2.2.1 Agronomic Properties of the New Crop

Perhaps the primary consideration when thinking about factors affecting the adoption of a new
crop is what exactly is this crop and what does it offer. The agronomic properties of a crop (i.e.,
the crop’s physical and biological characteristics) play an important role in whether farmers
choose to grow it (Lassoued & Smyth, 2023; Olsson, 2017). These traits affect many aspects of
farming, including how easy it is for the crop to grow, how much it yields, and how well it fits
into existing farm systems.

One of the most important agronomic traits affecting adoption is yield potential. In a study
done in Western Canada, farmers and seed producers identified crops’ yields as a primary factor
in their decision to adopt it (Lassoued & Smyth, 2023). Since many seed producers are paid by
yield, this becomes a key factor in their decision to produce new varieties (Lassoued & Smyth,
2023). Similarly, farmers are more likely to adopt new crops if these crops offer a clear boost in
productivity.

Another important factor is the crop’s resistance to extreme climatic conditions and diseases
(Lassoued & Smyth, 2023). Tolerance to drought or excess moisture is a critical trait. In areas
affected by climate change, drought-resistant or early-maturing crops are found to be getting
more popular (Erekalo & Yadda, 2023). For example, in dry regions, farmers are more likely to
choose crops that can grow with little water or even with saline water (Jolliff & Snapp, 1988).
Moreover, farmers who see high temperatures as a serious risk often turn to crop diversification
as a solution (Aryal et al., 2018). How long it takes for the crop to be ready for harvest — referred
to as days to maturity - can also influence adoption (Lassoued & Smyth, 2023). This is because
if a crop takes too long to mature, it may be damaged by early frost or heavy rain (Erekalo &
Yadda, 2023). Therefore, farmers prefer early-maturing crops, and crops with growing cycles
that match the local climate (Blade & Slinkard, 2002; Olsson, 2017). Crops also need to be well-
suited to the biophysical local conditions, such as the soil and climate (Olsson, 2017). Even if a
variety is technically improved, it may not work well everywhere. For example, in southern
Ethiopia, the adoption of drought-tolerant and eatly-maturing varieties is found to depend a lot
on local environmental conditions (Erekalo & Yadda, 2023).

Other physical characteristics of the plant also affect its adoption. For instance, plant height can
affect how easy it is to harvest a crop (Blade & Slinkard, 2002). The case of meadowfoam in the
Willamette Valley in the U.S. serves as an example where the crop’s upright growth made it
easier to collect using standard farm equipment, which made it more appealing to farmers (Jolliff
& Snapp, 1988). Farmers also value weed competition and pest resistance since crops that
naturally fight off weeds and pests reduce the need for chemicals and extra work (Olsson, 2017).

Together, these agronomic traits shape how well a crop fits into existing farming systems and
their perception by farmers largely influences adoption.

2.2.2 Market Dynamics

There is a recurring theme in the literature focusing on the importance of market pull, consumer
acceptance and establishing robust value chains in introducing new crops (Abdoulaye &
Sanders, 2000; Blade & Slinkard, 2002; Jolliff & Snapp, 1988; Maaz et al., 2018; Mola-Yudego
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et al., 2014; Nuijten et al., 2018; Olsson, 2017; Ortman et al., 2023; Ostwald et al., 2013). Some
of the factors identified in the research include understanding the potential market size,
identifying existing or potential uses for the new crops, ensuring a steady supply chain to meet
market demands, favorable price ratios between alternative and familiar crops, and the
adaptability to specific climate and soil conditions (Abdoulaye & Sanders, 2000; Jolliff & Snapp,
1988; Nuijten et al., 2018; Olsson, 2017; Ostwald et al., 2013). This section synthesizes the
different interactions between market demand and crop introductions, including customer
preferences, infrastructure, price signals, and supply chain integration.

2.2.2.1 Market Demand

Severe shortages of vegetable oil during wartime significantly pushed the development of
soybean in the U.S. and the scarcity situation bypassed the initial barriers to the crop’s
introduction (Jolliff & Snapp, 1988). However, one cannot just wait for scarcity situations to
open similar windows of opportunities.

The presence of a structured market significantly shapes the potential for new crop scaling. If
the existing markets align with new crops, the transition can be relatively smooth (Nuijten et al.,
2018). The flourishing of oilseed rape in Finland is an example of a new crop that was supported
by an existing demand for domestic protein sources in animal feed (Peltonen-Sainio &
Jauhiainen, 2020). This indicates that a “ready-to-go” market supported the expansion of this
new crop. Another success story is caraway expansion in Finland which was supported by
emerging industries and as a result caraway was transformed from being a minor crop to Finland
being a key player in the world’s caraway markets (Peltonen-Sainio & Jauhiainen, 2020).

In contrast, the literature provides several examples of how weak or fragmented demand can
act as major barrier against new crop adoption. For instance, despite the potential of Perennial
Energy Crops (PECs) and of willow Short Rotation Coppice (SRC) in decarbonization and their
environmental benefits, they remain underutilized in many regions due to the absence of a
structured market and a lack of market development (Ben Fradj et al., 2020). Furthermore, the
lack of demand for willow chips in Sweden hindered the competitiveness of willow plantations
against fossil fuels despite the real declining biomass prices (Mola-Yudego et al., 2014).

Farmers often seck concrete information about market conditions before committing to new
crops (Mola-Yudego et al., 2014). Demand volumes, price expectations and buyer interests are
all factors affecting the profitability of the crops, and they remain a decisive motivator (Olsson,
2017). When no clear market exists, initial investments become risky and this discourages
experimentation.

2.2.2.2 Structural and Infrastructural Constraints

Beyond demand, structural limitations within the agricultural and food systems can hinder the
successful scaling of new crops. A major obstacle is the lack of processing infrastructure,
especially for crops like PECs that fall outside mainstream commodity systems (Ben Fradj et al.,
2020). Existing supply chains are built around dominant crops and economies of scale, making
them incompatible with the smaller, more variable outputs of novel crops (Blade & Slinkard,
2002; Jolliff & Snapp, 1988; Meynard et al., 2018; Olsson, 2017). One way to go around this is
to target creating a niche market for the new crops, which is discussed in Section 2.2.2.4.

Unique production processes also pose challenges (Blade & Slinkard, 2002; Jolliff & Snapp,
1988). For example, stakeholders in Germany’s dairy sector highlighted the lack of milling
facilities and the need for specialized processing technologies as a barrier to adopting sorghum
(Pedersen et al.,, 2024). Similarly, in Lithuania, wheat sector actors highlighted the lack of
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technical solutions that align with existing production lines and remain viable (Pedersen et al,,
2024). Moreover, many crops require specialized infrastructure for handling, storage, and
transportation (Rosenberg et al., 2022), and farmers might hesitate to grow a new crop if it
requires expensive new machinery for sowing or harvesting (Naik et al., 2025). This is especially
the case when the crop is not commonly grown, which makes the cooperation on machinery
sharing less accessible (Olsson, 2017). For example, pulse crops may need equipment like bean
ladders to reduce breakage during transport (Blade & Slinkard, 2002). Additionally, certain crops
must be stored under specific conditions or go through post-harvest drying with crop-specific
drying facilities (Blade & Slinkard, 2002). Without these tailored infrastructural elements, the
adoption of such crops becomes significantly more challenging.

Proximity to specialized infrastructure is also critical. This is especially the case for some
perishable crops such as kenaf, where cultivation needs to be near pulp processing facilities
(Jolliff & Snapp, 1988). Additionally, the food industry’s limited capacity to handle new grain
legumes directly from the field — and the corresponding need to develop adequate processing
capabilities — further illustrates this challenge (Olsson, 2017). Significant investments in facility
expansion are only considered when production volumes justify the cost (Olsson, 2017),
echoing the challenge of the economies of scale mentioned previously.

These limitations are not only technical or logistical; instead, they are also deeply rooted in the
social and institutional sphere of agricultural systems. As Glenna et al. (2011) argue, social
structures determine which agricultural technologies are developed and who can access them.
For instance, plant breeding is often perceived as unbiased and universally beneficial, yet it is
influenced by political and economic agendas (Glenna et al., 2011). This is exemplified by the
lack of well adapted varieties for many alternative crops due to minimal breeding attention
directed to them by the consolidation of breeding companies (Peltonen-Sainio & Jauhiainen,
2020). This situation is exacerbated by an endless cycle, described by Blade & Slinkard (2002):
without a stable supply, buyers are reluctant to offer attractive prices, while farmers hesitate to
grow a crop in the absence of price guarantees or consistent market access. In a nutshell, no
markets mean no growers and vice versa. The result is that even though many new crops have
strong potential for market access, end users face an unreliable supply at the beginning and are
thus hesitant to offer competitive price that would encourage farmers to grow the crop. This
creates a frustrating cycle where capable and interests growers exist, and so do legitimate end
users, but without coordination, neither side moves forward (Blade & Slinkard, 2002; Crews &
Rumsey, 2017).

2.2.2.3 Customer Preferences and Acceptance

Consumer preferences often act as gatekeepers to new crop adoption. In several instances,
deeply rooted preferences have slowed the spread of alternative varieties despite their agronomic
or environmental advantages (Nuijten et al., 2018; Seppi et al., 2012). For example, the slow
uptake of scab-resistant apple varieties in Europe was not due to a lack of utility, but partly
because the initial varieties suffered from issues with eating and storage qualities (Nuijten et al.,
2018), which led to low consumer acceptance. Even when better tasting scab-resistant varieties
became available, consumers had already become very accustomed to the popular ones.

Shoppers value convenience and brand recognition, especially in large supermarkets, making
them reluctant to switch to unfamiliar options (Nuijten et al., 2018). Because of this, organic
growers supplying Europe’s markets continue to grow the mainstream apple varieties despite
the difficulty of growing them organically — a difficulty not only attributed to their disease
susceptibility but also because they require more hand pruning (Nuijten et al., 2018).
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This highlights a key dilemma: while technical performance may appeal to producers, consumer-
side attributes like flavor, appearance, and cooking quality ultimately determine market traction.
These preferences may reinforce lock-in effects around established varieties, delaying the shift
toward more sustainable or resilient options.

Still, there are signs of shifting consumer openness in different studies. For instance, French
farmers cultivating intermediate wheatgrass IWG) observed a growing demand for novel and
differentiated products and noted that “consumers are rather open-minded and are looking for novel
things” (Ginot et al., 2024, p. 12). Farmers capitalized on this interest by proactively engaging
with local partners and bypassing centralized distribution systems, demonstrating how
consumer openness can foster new market opportunities. This openness is similarly echoed in
Sweden, where the increased interest in traditional landrace cereals reflects a rising awareness of
cultural and nutritional value (Ortman et al., 2023). The Swedish farmers have responded by
promoting these qualities to bakers and consumers (Ortman et al., 2023).

Importantly, nutritional education around dietary diversity can help shift consumer preferences,
especially when products are framed as contributing to health and heritage. In Bolivia, for
example, native chilies that were once underutilized gained traction through innovative
processing and marketing (e.g., chili marmalade and chili paste) (Garcia-Yi, 2014). While
biodiversity conservation didn't influence initial purchase decisions, it positively impacted the
repurchase decisions (Garcia-Yi, 2014). This suggests that narratives of conservation and farmer
livelihood improvements may be more effective in building long-term consumer loyalty rather
than immediate sales and that taste is not always the central factor; cultural narratives, health
promotion, and education can shift consumer demand toward lesser-known crops.

2.2.2.4 Niche Markets and the Challenge of Scaling

Many new crops first find success within niche markets, including farmers’ markets, organic
shops, or local cooperatives. These outlets offer initial access to consumers and allow growers
to experiment with shorter supply chains and direct marketing (Ortman et al., 2023). In Sweden,
farmers growing landrace cereals sold directly to consumers using farm shops, farmers’ markets,
landrace-focused cooperatives, and REKO-rings - which are social media-based marketplaces
(See Lorentzon, n.d. for more on REKO-rings) (Ortman et al., 2023). This direct model helped
consumers understand the product and justified premium pricing. Similarly, French farmers
experimenting with intermediate wheatgrass (IWG) also spontaneously made direct links to
users, bypassing dominant supply chain norms and more central actors (Ginot et al., 2024). They
approached local cooperatives, bakers, and brewers to explore product development and sales
and being in a niche helped them connect production with demand (Ginot et al., 2024).

Niche markets offer flexibility and lower volumes requirements, making them more open to
new varieties (Nuijten et al., 2018). Smaller supermarkets, organic shops, and box-schemes often
maintain close consumer relationships, which makes storytelling effective. For instance, the
white-fleshed potato ‘Bionica’ failed in Dutch supermarkets but succeeded in an organic box-
scheme once its story was shared in weekly newsletters (Nuijten et al., 2018).

While producers prefer to stay in niche markets and maintain their exclusivity over maximizing
yields (Ginot et al., 2024; Ortman et al., 2023), early success in a niche can lead to broader
adoption. Still, scaling up brings challenges, not just in volume and logistics (Section 2.2.2.2),
but also in consumer familiarity (Section 2.2.2.3), technical knowledge (Section 2.2.3.5), crop
competition (Section 2.2.2.5), and systemic policy or economic barriers (Sections 2.2.4 and
2.2.3.1). While dominant market players could drive change, they often lack incentives to disrupt
established systems (Isgren et al., 2020; Olsson, 2017).
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2.2.2.5 Competition with Established Crops

Conventional crops remain dominant due to deeply embedded institutional, infrastructural, and
market advantages. As discussed in section 2.2.4, well-established policies and subsidies are
designed primarily for conventional annual crops. Programs like crop insurance and emergency
product registrations support these crops exclusively (Blade & Slinkard, 2002; Snapp, 2020). For
example, in Poland, even though willow has high production potential, few farmers grew it until
specific subsidies were introduced (Ben Fradj et al., 2020). Furthermore, in Northern Ghana
and the USA, targeted subsidies for staple crops further limit incentives for diversification
(Appiah-Twumasi & Asale, 2022; Isgren et al., 2020).

Conventional crops also benefit from mature market infrastructures. As noted earlier,
processing facilities, transportation networks, and established value chains are built around
dominant crops. Even in Canada, which has seen some diversification success, over 20 million
hectares are still dedicated to traditional crops like wheat, batley, and canola (Blade & Slinkard,
2002). In Finland, even though the expansion of oilseed rape was boosted by existing industry
demand, minor crops such as buckwheat and hemp have lagged behind due to undeveloped
markets and limited support for specialized cultivars (Peltonen-Sainio & Jauhiainen, 2020).

Profitability is another important driver for farmer decisions and yet another factor mostly
favoring conventional crops. New crops must demonstrate not only potential economic returns
but also overcome the perception that conventional crops deliver more reliable income (Fadina
& Barjolle, 2018; Olsson, 2017; Soto et al., 2018). In regions where a particular conventional
crop like rice dominates, farmers may view other crops as not worth it economically, especially
if they are renting land and focusing on seasonal returns (Rosenberg et al., 2022). Farmers
routinely compare new crops against the established ones, setting high standards for
performance and market consistency.

2.2.3 Socio-Economic Factors

The adoption of new crops begins with decisions made at the farm level and shaped by farmers’
everyday realities (Isgren et al., 2020; Quiroga et al., 2025). Socio-economic factors such as
access to land and financial resources, labor availability, risk perception, and social networks all
play a critical role in shaping whether and how farmers go about novel crops. This section
explores how such socio-economic dimensions create enabling conditions or barriers to
adoption and lays the foundation for the subsequent discussion on the role of policy and
institutional support.

2.2.3.1 Risk Perception and Economic Security

Farmers' views and motivations ate at the heart of decisions to adopt new crops. Their choices
depend on how they weigh uncertainty, risk, and the benefits of a new practice (Ginot et al.,
2024). Ultimately, profitability remains the cornerstone of farmer decision-making. It is
influenced by input costs, productivity, and market prices (Mola-Yudego et al., 2014; Olsson,
2017). Farmers may choose to diversify their crops to boost income by planting lucrative highly-
profitable crops, and to spread their income during off-peak periods between the traditional
harvests (Schroth & Ruf, 2014). Moreover, economic gains were found to be a significant
positive driver for the adoption of CRA technologies in India (Naik et al., 2025). This is also
true for Canada, because the desire for higher returns can drive the adoption of new seed
varieties based on their productivity output, quality and diseases resistance, all of which impact
yield and hence, profit (Lassoued & Smyth, 2023). Yet, reliable buyers, clear price signals, and
predictable demand remain vital (Kuehne et al., 2017). Many farmers express a preference for
fixed-price contracts or secured buyers, especially when trying out a new crop (Gillich et al.,
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2019; Ostwald et al., 2013). However, processors and buyers are often unwilling to commit until
consistent volumes and quality are assured, again reinforcing the barrier to entry (Blade &
Slinkard, 2002). In some cases, policy instruments like carbon taxes or renewable energy
incentives can tip the scale by enhancing the competitiveness of new crops — especially true for
energy or climate-resilient varieties (Ben Fradj et al., 2020; Weger et al., 2021). Still, the lack of
basic economic data such as production costs or yield prices can make it difficult for farmers to
positively evaluate new opportunities (Olsson, 2017; Snapp, 2020).

Farmers also adopt new practices when they see clear benefits that go beyond direct profitability,
such as higher productivity or reduced risk (Erekalo & Yadda, 2023). For example, perennial
grains might be appealing for planting on marginal land despite lower yields (Isgren et al., 2020).
Moreover, in a study based on interviews in Sweden, Marquardt et al. (2016) found that high
yields may not be as crucial when strong agricultural subsidies are in place, and that factors such
as labor savings, flexible time management, and reduced costs for fertilizers and fossil fuels
provided by new crops can decrease the focus on yield levels. Avoiding risk is another key factor
in farmers’ decision-making (Fadina & Barjolle, 2018). In semi-subsistence farming, the appeal
of perennial crops can lie in their ability to minimize risk in drought-prone areas (Isgren et al.,
2020). However, the increased perceived risks and market uncertainty around new crops can
deter farmers from adopting them (Fadina & Barjolle, 2018).

2.2.3.2 Farm Size and Resources

The literature also highlights the role of farm size and associated available resources in whether
farmers adopt a new crop (Fadina & Barjolle, 2018; Isgren et al., 2020). Larger farms usually
have more land, livestock, and capital, which gives them more freedom to try out different
farming practices (Aryal et al., 2018; Gudina & Alemu, 2024). For example, farmers with big
farms in India are more likely to use methods like minimum tillage or plant stress-resistant seed
varieties (Aryal et al., 2018). They are also found to have the capacity — and tendency — to set
aside large areas for perennial energy crops (Aryal et al., 2018). Moreover, a study in Ethiopia
found that farmers with larger farm areas are better able to adopt conservation agriculture,
improve soil fertility, and diversify their crops (Gudina & Alemu, 2024). Larger farms also tend
to adopt multiple strategies at the same time, such as agroforestry and perennial plantations
(Fadina & Barjolle, 2018).

On the other hand, small farms have their own challenges in adopting Climate-Smart
Agricultural Practices (CSAPs). Small land size or fragmented land spots can make it hard to use
mechanized methods like those needed for minimum tillage (Aryal et al., 2018). Additionally, a
study in Ethiopia found that farmers with smaller plots who face drought or other shocks might
depend more on local seed varieties and may not diversify as much or use improved seeds as
often compared to farmers who are better off (Makate et al., 2022). In contrast, another study
on willow adoption shows that small farms are still trying to diversify their crops, especially to
meet diversification subsidies requirements (Ben Fradj et al., 2020). This shows that while larger
farms may have more options and capabilities to adopt different strategies, small farms can also
be motivated to diversity their crops.

Livestock ownership is another factor affecting crop introductions. Households with more
animals are found to be more likely to mix their cropping systems by adopting practices like
crop diversification, minimum tillage, improved seeds, and nutrient management specific to
their site (Aryal et al, 2018). Having many animals also tends to encourage the use of
conservation agriculture (Gudina & Alemu, 2024). This is because crop diversification could
offer a variety of fodder and feed resources for the animals which creates a mutually beneficial
relationship (Fadina & Barjolle, 2018; Isgren et al., 2020; Kashe et al., 2023). However, livestock
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farmers might still be hesitant to change their land use toward certain crops, like perennial energy
crops, since these farmers often need dedicated areas for growing fodder (Ben Fradj et al., 2020).

Access to credit and financial services also plays an important role in this topic (Aryal et al.,
2018; Gudina & Alemu, 2024; Kifle et al., 2022). When farmers can get loans or financial
support, they are more likely to invest in improved farming methods, including crop
diversification (Aryal et al., 2018; Gudina & Alemu, 2024). Having access to credit, for example,
can enable them to buy necessary inputs for crop diversification, such as seeds or tools (Kemboi
et al., 2020). However, access to credit does not always lead to more adoption. In some cases, it
can even discourage farmers from trying new seeds or diversifying their crops, possibly because
of the specific terms or limitations that come with the loan (Aryal et al., 2018).

Many farmers also face financial challenges that prevent them from investing in alternative
crops, especially when the initial costs are high (Ben Fradj et al., 2020; Schroth & Ruf, 2014).
This can be especially true for crops requiring new machinery or imported seeds, or crops that
have delayed returns, which makes them less appealing (Aryal et al., 2018; Jolliff & Snapp, 1988).
To overcome these barriers, services like Custom Hiring Centers (CHCs) in India have become
popular (Naik et al., 2025). These centers allow farmers to rent expensive equipment at lower
costs instead of buying it, and this makes new practices more accessible (Naik et al., 2025).

2.2.3.3 Labor Requirements and Availability

Labor is a key factor in whether farmers adopt new crops. When considering a new crop,
smallholder farmers often consider the amount of labor available, its cost, and the return on
that labor (Isgren et al., 2020). One study also claims that if more family labor is available,
farmers are more likely to diversify towards higher-value crops (Kumar et al., 2012). This
essentially means that more labor leads to greater diversification.

It is also important to mention that different crops have different labor needs. For example,
with perennial crops, zero tillage is a common practice that may lower labor during planting,
but it also often increases the labor needed for weeding (Isgren et al., 2020). Moreover, crops
that mature unevenly, especially evident in perennials, might make it harder for mechanized
agriculture (Isgren et al., 2020). However, they could also spread the work of harvest over time,
benefiting smallholder farmers that depend more on manual labor (Isgren et al., 2020). In Mali,
farmers said that less labor is one of the biggest benefits of growing perennial sorghum (Isgren
et al., 2020). This suggests that crops needing less labor may be more easily adopted. In contrast,
high labor demand is considered a barrier. For instance, jatropha was not quickly adopted in
Mexico because it needs a lot of work during its early growth stages, even though labor
requirements decrease later (Soto et al., 2018).

Adopting new crops can also mean learning new labor management skills. If farmers are unsure
about the true costs of labor or what exactly is required for successful growing, they may choose
not to opt for this crop (Di Bene et al., 2022). This is also true if they need to buy special
equipment for crops that are not common (Olsson, 2017). In other words, crops that need less
labor or fit well with existing practices face fewer obstacles.

2.2.3.4 Cultural Norms and Farmer Networks

Whether or not farmers are willing to try new crops is influenced by cultural norms that include
the local customs, traditions, values and beliefs. The literature shows that farmers often look to
their neighbors when making decisions and are thus influenced by their peers (Pedersen et al.,
2024). If others in the community are successfully growing a new crop, it is more likely that
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others will follow — this phenomenon is called the “neighboring effect.”” However, if people
around them are skeptical or negative about the change, farmers might avoid adopting it
(Pedersen et al., 2024). They may also avoid trying new crops, not out of a lack of conviction,
but under the pressure of conforming to the prevailing norms and to avoid disapproval or
criticism (Pedersen et al., 2024).

Cultural values and traditions can also affect adoption (Pedersen et al., 2024; Rosenberg et al.,
2022). Many farmers follow long-established practices passed down over generations. New
crops might be rejected simply because they don’t fit traditional methods (Pedersen et al., 2024).
For example, in some communities, people prefer certain crop varieties for their taste or cooking
qualities. So even if a new variety is better in terms of disease resistance or yield, it may be
ignored if it doesn’t match local preferences (Nuijten et al., 2018).

Social networks are also key. Farmers often rely on family, friends, and local contacts for seeds
and information — especially in rural areas where trust and mutual support are vital (Mariel et
al., 2024). Some farmers also maintain links outside their community, such as with traders or
migrants, and these bridging ties can help introduce new crops. For example, in Madagascar,
vanilla was introduced through such external networks (Mariel et al., 2024). Still, trust plays a
central role, and farmers are more likely to adopt something new if recommended by someone
they trust. These networks can both support and limit adoption by reinforcing conformity with
traditional crops.

In short, adopting a new crop is not just about whether it is profitable or easy to grow. It is also
about whether it fits into the community’s cultural and social world. For any new crop to
succeed, it is important to understand and respect these local norms and values, and explore
ways to utilize the farmers’ social networks to the benefit of the introduction.

2.2.3.5 Knowledge and Extension Services

Knowledge plays a very important role in helping farmers decide whether to grow new crops.
In addition to general skills, there are specific types of knowledge that matter for adopting new
crops. Farmers need to know the proper cultivation methods, understand market demands and
contract options (Di Bene et al., 2022; Ostwald et al., 2013). When farmers lack this technical
or market information, they are less likely to take the risk. External actors such as researchers,
extension agents, and market players help fill these knowledge gaps by providing research
findings, best practices, and market requirements (Nuijten et al., 2018; Quiroga et al., 2025; Tanti
et al, 2022). Additionally, farmers learn through different channels, including education,
farmers’ close networks, training programs, and extension services (Carof et al., 2015). Research
shows that when farmers are well-trained and educated, they feel more confident and are more
willing to try new practices (Olsson, 2017). Knowledge also arms them with the tools to manage
risks, such as potential problems with the crop or unpredictable market changes (Olsson, 2017).
Moreover, involving farmers directly in research allows them to learn and allows researchers to
tailor new crops to local conditions using the farmers’ specific knowledge (Ginot et al., 2024;
Quiroga et al., 2025; Rosenberg et al., 2022; Snapp, 2020). The participatory research is found
to be a good methodology of bridging the gap between the recommendations of the research
and the practical on-farm implementation (Quiroga et al., 2025).

2.2.3.6 Farmers’ motivations and Perceptions

Farmers motivations and perceptions are very important in determining their willingness to try
new crops. They are shaped by many of the factors discussed eatlier, such as the relative
advantage of the new crop, economic conditions affecting profitability and income stability, and
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social factors including their networks, knowledge and trainings. This section explores additional
influences on farmers’ motivations.

Interestingly, research shows that some farmers simply enjoy the challenge of experimentation
and are driven by the satisfaction of new trials and their attempts to improve their cropping
systems (Ginot et al., 2024). For example, smallholder farmers in Malawi across different
socioeconomic backgrounds are open to experimenting with new practices (Hockett &
Richardson, 2018). While some farmers experiment out of curiosity, others are driven by goals
such as adapting to climate change, enhancing soil health, and generating income (Hockett &
Richardson, 2018). This exploratory mindset can encourage the adoption of innovative crops.

Other farmers are guided by their values and beliefs. Their commitment to methods like organic
or sustainable farming leads them to choose crops that align with their principles (Ginot et al.,
2024; Ortman et al., 2023). For example, Swedish farmers who grow traditional, landrace cereals
were found to be primarily motivated by their vision for sustainable farming and diverse
cropping systems (Ortman et al., 2023).

Farmers also weigh the benefits of a new crop against what they already grow. They take into
consideration factors like profitability, environmental benefits and ease of use (Hockett &
Richardson, 2018). In France, for instance, the promise of improved soil health and lower input
requirements made farmers consider intermediate wheatgrass as a beneficial option (Ginot et
al., 2024). This implies that the farmers’ ability to learn and access information related to the
relative advantage of a crop is central to its adoption (Hockett & Richardson, 2018).

Perceptions of climate change also play a role. Many farmers are motivated to try more resilient
crops in response to changes in rainfall patterns and temperature increases (Alam et al., 2017).
Their experience with climate shifts pushes them to adopt drought-resistant varieties or diversify
their crops as a way to adapt to environmental challenges (Fadina & Barjolle, 2018; Hockett &
Richardson, 2018).

Finally, a farmer’s confidence in their own abilities strongly influences adoption. Those who
believe they can successfully grow a new crop or learn new methods are more likely to try them
(Ginot et al., 2024; Hockett & Richardson, 2018). Low-risk trials where crops can be tested on
a small scale help build this confidence (Kuchne et al., 2017). Additionally, training, peer advice,
and personal skills all contribute to this sense of capability (Fadina & Barjolle, 2018; Pedersen
et al., 2024). Understanding these motivational factors is essential for designing effective
strategies to promote the adoption of new crops.

2.2.4 Policy and Institutional Support

Building on the previously discussed factors, policy emerges as a powerful cross-cutting force
that shapes the landscape in which crop introduction decisions are made. Whether through
direct financial incentives, regulatory frameworks, or knowledge dissemination mechanisms,
policy can either amplify or undermine efforts to adopt new crops. It is then not merely one
factor among many, but a systemic driver that conditions how other enablers or constraints play
out in practice.

The literature on crop introduction mechanisms consistently highlights the important role of
policy in influencing the adoption. Incentives like the public investments in research, subsidies
for improved seeds, and extension services can significantly lower barriers of introductions,
especially in initial phases where profitability is yet to be established (Jolliff & Snapp, 1988;
Khumalo et al., 2024; Maaz et al., 2018; Pedersen et al., 2024). Moreover, research highlights the
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effectiveness of establishing subsidies and incentives in promoting the adoption of new crops
(Mola-Yudego et al., 2014; Ostwald et al., 2013). Furthermore, policy can facilitate the technical
knowledge sharing and the provision of information to farmers which stimulates them to adopt
new strategies when they become available (Alam et al., 2017). This suggests that policy is a
powerful enabler, but its impact is deeply intertwined with other systemic factors.

2.2.4.1 Positive Policy Influences

Several international examples highlight how targeted policy interventions have successfully
enabled crop diversification. For example, the success of oilseed and pulse crop’s introduction
in the cereal-dominated Canadian market was attributed to the initial public investments in
research development, policies like wheat quotas that created incentives for diversification, and
national crop insurance programs (Lassoued & Smyth, 2023). Similarly, government policies like
the Fertilizer Subsidy programme and its successor, Planting for Food and Jobs (PFJ)
programme, have contributed to increased crop diversification in northern Ghana (Appiah-
Twumasi & Asale, 2022). These programs subsidize fertilizers and improved seeds and support
farmers through agricultural extension support, hence reducing the risks of adopting unfamiliar
varieties or crops, encouraging diversification (Pauw, 2022; Schroth & Ruf, 2014). However, it
is important to recognize that these initiatives receive criticism regarding their limited capacity
for effective monitoring and evaluation, which makes it difficult to measure long-term impacts
accurately (Pauw, 2022). On the topic of seeds, the current Ethiopian seed policy promotes the
development of an integrated seed sector that combines formal and informal seed systems
(Makate et al., 2022). Such system supports the introduction and uptake of new varieties while
maintaining the quality and certification of certain seeds (See more at Makate et al., 2022). This
policy mix can be seen as a balanced approach that recognizes both innovation and local
adaptation, though its real-world performance needs continuous evaluation.

Within Europe, the launch of the Farm to Form and Biodiversity strategies within the Green
Deal aims for more resilient and sustainable food production systems (Di Bene et al., 2022;
European Commission, n.d.-c). The Common Policy of Agriculture (CAP) supports crop
diversification strategies that contribute to achieving national sustainability targets (European
Commission, 2024). Additionally, the governments have been using funding from the European
Agricultural Fund for Rural Development (EAFRD) to support regional Rural Development
Programs (RDPs) (Di Bene et al., 2022; European Parliament and the Council, 2013). These
programs are part of the EU’s efforts to promote sustainable rural and agricultural development,
and under them, farmers can receive financial support if they voluntarily adopt certain
environmentally friendly farming practices. These include practices like minimum tilling, crop
rotations, green manure and cover crops (Di Bene et al, 2022). In Sweden, governmental
subsidies helped to reduce the initial investment costs for farmers adopting new willow perennial
plantations, facilitating their introduction (Mola-Yudego et al., 2014). A similar example is the
introduction of willow SRC in Poland, where subsidies under CAP are highlighted as being of
“paramount importance” for encouraging its adoption (Ben Fradj et al., 2020). To illustrate, in
Poland, subsidizing willow is projected to increase the percentages of farm groups going for it
from 9% with only diversification support to 20% and 45% with willow subsidies of €100 ha™
and €200 ha™, respectively (Ben Fradj et al., 2020). Policies have also contributed to driving
land use balance between turnip and oilseed rape in Finland, with the aim to alleviate Finland’s
dependency on imported soybeans and encourage a local production of different protein
sources (Peltonen-Sainio & Jauhiainen, 2020). These examples underline the positive role of
well-designed policy interventions; however, they also reveal the dependency of success on
consistent and context-sensitive implementation.

19



Habiba Allam, HIEE, Lund University

2.2.4.2 Negative Policy Influences

Even though policies can contribute to an encouraging atmosphere for crop introductions as
exemplified above, they can also act as barriers. For example, policies that favor crop
specializations, like crop insurance programs supporting individual commodities, can discourage
crop diversification (Abdoulaye & Sanders, 2006; Maaz et al., 2018). Such policies can also
disincentivize farmers to deviate from established cropping patterns, even if the diversification
offers environmental or economic benefits. This is because subsidized markets and research
investment have reinforced large-scale production of high-calories annual crops at the expense
of diversity (Snapp, 2020). Take India’s Public Distribution System (PDS) as an example, where
the system primarily distributes subsidized wheat and rice, thus creating a large and consistent
market for these cereals. This in effect has led to a decline in the production area of alternate
crops (Snapp, 2020). Such a decline was further supported by the country’s targeted investment
in genetics, agronomic advice and subsidized inputs for wheat and rice. Similarly, the USA’s
government subsidies that incentivize the production of a few annual crops potentially limit the
upscaling of perennial polycultures that could be more sustainable (Glenna etal., 2011). National
interventions like that of Sahelian governments in food markets during bad rainfall years by
releasing stocks are also highly criticized, even though their aim was to stabilize food prices
(Abdoulaye & Sanders, 2006). It has been argued that allowing prices to rise in adverse years
would reward farmers that have adopted improved and more resilient practices, which would
encourage further adoption (Abdoulaye & Sanders, 2006). Policy can also impede crop
plantations through different means. For example, in Cote d’Ivoire and Ghana, policies that
claim state ownership over the naturally growing forest trees hinder farmers from planting native
timber trees in cocoa farms and sways them instead to favor exotic species that do not follow
under these restrictions (Schroth & Ruf, 2014). These examples critically reveal how policy can
inadvertently create conditions that favor conventional crop systems over diversified or resilient
ones.

In the same way, in Europe, regulatory barriers can obstruct new crop adoption. An example of
a well-intentioned policy instrument was the set-aside scheme introduced by the EU in 1992
(Ericsson et al., 2009). The scheme was meant to reduce the overproduction of food crops
through giving financial support to set-aside land unused for food production, which sparked
farmers’ interest in trying new, long-term energy crops (Helby et al., 2003). The problem was
that the set-aside rate — the percentage of land that farmers were required to leave from food
production — kept changing based on the prices and market status of cereals. For example, it
changed from 12% in 1995 to 3% in 2000 when the cereal prices went up (Ericsson et al., 2009;
Helby et al., 2003). So, from a farmer’s perspective, this kind of volatile policy represents a major
risk. For example, if a farmer was planning to grow a perennial energy crop that takes several
years to mature while relying on the income from the set-aside support, they could lose that
support halfway through their investment. That is to say, while the set-aside scheme was
designed to encourage diversification, its instability actually discouraged farmers from
committing to long-term crops as they could not count on the policy’s stability to justify the
risk. Another example of policy acting as an obstacle instead of enabler is the seed legislation in
Sweden that enforces strict uniformity requirements, which has made the commercial use of
landrace cereals more difficult (Ortman et al., 2023). This is because locally-adapted landrace
cereal varieties are naturally diverse and are not genetically consistent, so these regulatory
requirements result in farmers not being able to easily register or sell such varieties commercially,
even though they may be well-suited to the local climate and soil. Such constraints not only
reduce genetic diversity in cropping systems but also limit the potential for regionally suitable
alternatives to emerge. This is further supported by Snapp (2020), who argues that the CAP has
inadvertently favored a few annual crops through market support and subsidies, creating a “lock-
in trap” that makes it more difficult for more diverse and new crops to gain traction. This
suggests a bias towards established systems.
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In summary, the literature presents a multi-faceted picture of policy influence. On the positive
side, well designed policies, through subsidies, research support, or integrated seed systems, can
encourage the adoption of new crops by addressing technical, economic, and knowledge-related
barriers. However, the instability and uncertainty of some policies, their historical focus on
conventional crops, and the withdrawal of specific support can act as significant barriers.
Moreover, policies in one region can have negative consequences for new crop adoption in
another due to global competition. Therefore, the impact of policy on new crop adoption is not
unidirectional and depends heavily on the specific design, stability, and broader context of those
policies.

2.3 Sweden’s Policy Landscape Relevant to New Crop Introduction

This section introduces an overview of the relevant policy landscape in Sweden that holds the
potential to influence new crop introductions.

2.3.1 The EU CAP Framework and Its Implementation in Sweden

The CAP of the European Union is structured around two main funding pillars: Pillar 1
(European agricultural guarantee fund (EAGF)) revolves around providing direct income
support to farmers (European Commission, n.d.-a). This support is largely area-based and it is
dependent on compliance with environmental and climate-related requirements, such as Good
Agricultural and Environmental Conditions (GAECs) and Statutory Management Requirements
(SMRs) (European Parliament, 2016a). On the other hand, pillar 2 (European agricultural fund
for rural development (EAFRD)) funds rural development programs and it is co-financed by
both the EU and Member States (European Parliament, 2016b). The aim of pillar 2 is to enhance
environmental performance, climate resilience, innovation, and the viability of rural
communities. This pillar includes agtri-environmental-climate measures (AECMs), support for
organic farming, and funding for pilot projects and knowledge transfer (European Parliament,
2016b). A third, cross-cutting dimension of the CAP encompasses conditionality, eco-schemes,
and climate/environmental objectives that are integrated across both funding streams
(European Commission, n.d.-a). As of 2023, the CAP is governed by three core EU regulations:
Regulation (EU) 2021/2116 (on the financing, management and monitoring of the CAP),
Regulation (EU) 2021/2115 (Establishing rules on support for national CAP strategic plans),
and Regulation (EU) 2021/2117 (modifications to existing agricultural product regulations)
(European Commission, n.d.-a).

In Sweden, CAP implementation is administered by the Swedish Board of Agriculture
(Jordbruksverket) (European Commission, n.d.-a; Jordbruksverket, n.d.). Direct income
support under pillar 1 is meant to ensure the income stability of farmers and encourages them
to adopt environmentally friendly farming practices (Regeringskansliet, 2022). The main form
of support there is the Basic Income Support for Sustainability (BISS), which provides payments
per eligible hectare, regardless of the specific crops grown (Regeringskansliet, 2022). The BISS
is based on land eligibility and compliance with environmental standards (Regeringskansliet,
2022). Additional payments are available for young farmers and smaller farms through the
Complementary Redistributive Income Support for Sustainability (CRISS) (Jordbruksverket,
n.d.). These payments are also non-crop-specific.

It is important to look back on the evolvement of the CAP subsidy system to understand the
logic behind moving away from crop-specific subsidies. Until the beginning of the 2000s, CAP
subsidies were linked to the production of specific crops/products (e.g., per ton of wheat or
milk produced) (European Commission, 2022). This strategy caused the overproduction of
some products based on what pays more under the subsidy, leading to surpluses and market
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inefficiencies (European Commission, 2022). As a result, payments got decoupled from
production and shifted towards the amount of eligible agricultural land that a farmer manages,
causing farmers to base their production decisions on market demand and prices rather than
guaranteed subsidies for specific products (European Commission, 2022; Viaggi et al., 2010).
An important side note is that this shift also aimed to encourage farmers to maintain their land
in good agricultural and environmental condition rather than solely focusing on maximizing
production, since their subsidies were detached from the actual production (European
Commission, 2022). The actual — and projected — implications of this shift has been studied
across different locations and for different scenarios (e.g., Matthews et al., 2013; Viaggi et al.,
2010), but what is important to know for the purpose of this study is that crop-based subsidies
were initially in place and there were strong-enough motives to shift away from them. As
previously mentioned, the direct support per hectare is contingent on certain compliances (See
more at Regeringskansliet, 2022), which fall out of scope for this thesis to discuss, but are
nonetheless important to note.

Sweden additionally dedicates 20% of its CAP funding (around EUR 1.3 billion) to voluntary
eco-schemes that reward farmers for implementing environmentally friendly practices including
crop diversification, maintaining fallow land for biodiversity, or reducing pesticide use
(European Commision, 2024). These eco-schemes are optional and provide additional payments
to farmers who adopt practices that go beyond the basic requirements. Four key annual-based
environmental compensation schemes exist in Sweden’s CAP Strategic Plan (Regeringskansliet,
2022):

1. Organic production compensation in Sweden's CAP Strategic Plan designed to support
farmers who convert to or maintain organic farming practices

2. TFlowering Fields and Field Edges scheme that aims to promote biodiversity by
encouraging farmers to establish non-productive ecological zones like buffer strips,
flowering zones, and beetle banks.

3. Precision Agriculture and Planning which supports the adoption of digital tools and
methods that enhance resource efficiency and environmental outcomes (e.g., optimized
fertilization, spraying, and crop planning)

4. Carbon Storage and Reduced Nitrogen Leakage that targets catch crops grown primarily
during autumn and winter to reduce nutrient losses and increase soil carbon
sequestration

Each of these schemes targets specific environmental goals and has distinct eligibility criteria
based on crop types, land use, or farming practices. In practice, eligibility may be complicated
by administrative procedures, especially for underutilized or novel crops like sorghum.

2.3.2 The Swedish seed system

The Swedish seed system is governed by both national regulations and EU directives, shaping
how seeds can be produced, imported, and marketed. Sweden’s implementation of the EU Plant
Health Regulation (EU) 2016/2031 and Implementing Regulation (EU) 2019/2072 mandates
that all plants and plant products entering the EU must be accompanied by a phytosanitary
certificate to prevent the introduction of pests and diseases (EU 2019/2072, 2019). Sweden
enforces these regulations through the Swedish Board of Agriculture (Jordbruksverket), which
requires importers to comply with specific documentation and inspection procedures
(Jordbruksverket, 2022).

The EU seed marketing legislation, particularly Council Directive 66/402/EEC, stipulates that
only certified seed of varieties listed in the EU Common Catalogue or the relevant national list

22



Sorghum for Sweden? Perspectives on Climate-Resilient Crop Adoption from the Field

may be legally marketed (Council Directive 66/402/EEC, 1966). While farmers are generally
allowed to save seeds from certified varieties for their own use, the sale or exchange of such
farm-saved seeds is prohibited unless the seeds are certified and the seller is a registered seed
supplier (Council Directive 66/402/EEC, 1966). This legal framework is designed to ensure
seed quality, protect breeders’ rights, and maintain traceability, but it can also limit informal seed
exchange, especially for less-established or niche crops.

The certification process for new varieties includes compliance with strict Distinctness,
Uniformity, and Stability (DUS) criteria, and for agricultural crops, a Value for Cultivation and
Use (VCU) test is additionally needed which is based on the crop’s agronomic performance,
including its yield and resistance to harmful organisms (see European Commission, n.d.). These
requirements involve rigorous testing and high costs, which tend to favor large seed companies
that have the resources and capacities to navigate these requirements.

In Sweden, organic farming must comply with EU Regulation 2018/848, which requires that
seeds used in organic production be organically produced and certified (IFOAM Otrganics
Europe, 2022). These seeds must be grown without synthetic inputs and derived from parent
plants that are managed under organic conditions for at least one generation for annual crops
or two years perennials (Jordbruksverket, 2025). Farmers are required to source their seeds from
the national organic seed database (OrganicXseeds) which includes a list of available organic
seed varieties (Jordbruksverket, 2025). If no suitable organic seed is available, farmers may apply
for a derogation, and pay a processing fee, to use non-organic seed, and the application must be
approved by their certification body (Jordbruksverket, 2025).

2.3.3 Public Investment in Research

Sweden’s CAP Strategic Plan (2023—2027) promotes agricultural innovation and knowledge
development primarily through its Agricultural Knowledge and Innovation System (AKIS)
(Regeringskansliet, 2022). Key support includes funding for skills development, collaboration,
and innovation grants via the EIP-Agri initiative, which encourages Operational Groups where
farmers, researchers, and advisors jointly test new ideas (Regeringskansliet, 2022). However,
Sweden’s AKIS faces fragmentation and limited coordination among researchers, advisors, and
farmers, weakening links between scientific research and practical agricultural needs (Blix
Germundsson, 2024; OECD, 2018). This lack of integration across basic research, applied
research, and advisory services restricts innovation dissemination (Adenfelt et al., 2025; OECD,
2018). For example, firms in the food value chain encounter barriers such as limited funding
and weak research-industry linkages, with support often focused on early-stage innovation
rather than scale-up (Johansson & Gidlund, 2021). Moreover, Sweden’s market-based advisory
system provides inadequate support for applied research in rural areas, limiting the capacity to
foster sustainable agricultural innovation (Blix Germundsson, 2024; OECD, 2018).

Beyond the CAP, other actors such as universities, advisory services, and farmer associations
also play an important role in supporting knowledge and innovation, often using national or EU
research funds like Horizon BEurope (Regeringskansliet, 2022). Improved coordination and
stronger links between funding and commercialization could enhance the development of
climate-resilient crops in Sweden.

Sweden’s National Food Strategy 2.0, published in March 2025, emphasizes resilience and
competitiveness through food chain robustness, export promotion, and quality enhancement
(Regeringskansliet, 2025). Supported by increased public investment via the 2024 /25 Research
and Innovation Bill, research funding will grow by SEK 6.5 billion (2025-2028), bolstering
agencies like Formas and extending the National Food Research Programme. These efforts aim
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to accelerate innovation and climate adaptation in close partnership with the private sector.
Additional funding includes SEK 105 million annually (2023—-2027) through EIP-Agri and SEK
1.8 billion under CAP for competence-building and cooperation on climate and sustainability
(Regeringskansliet, 2025). Sweden also supports EU initiatives to utilize new genomic
technologies (NGTs) for developing resilient crops suited to Nordic conditions, a key focus of
this study.

Another source of innovation funding is Sweden’s National Food Strategy 2.0. Published in
March of 2025, the strategy places a strong emphasis on enhancing resilience and long-term
competitiveness across the food system, with 3 central pillars: increasing the food chain
robustness, promoting exports, and endorsing the Swedish quality and gastronomy
(Regeringskansliet, 2025). To support these goals, the Swedish government has proposed
substantial public investment through its 2024/25 Research and Innovation Bill, with research
and development shares set to increase by SEK 6.5 billion between 2025 and 2028
(Regeringskansliet, 2025). This includes targeted reinforcement for Formas, Sweden’s research
council for the environment and agriculture, and an extension of the National Food Research
Programme through 2028 (Regeringskansliet, 2025). These initiatives aim to accelerate
innovation uptake and climate adaptation in the food chain, with research activities expected to
occur in close collaboration with private sector actors. Complementary funding includes SEK
105 million annually (2023—2027) through the EIP-Agri innovation support scheme, and SEK
1.8 billion (2023-2027) under the CAP for competence-building and cooperation, particulatly
in climate and environmental sustainability (Regeringskansliet, 2025). Additionally, Sweden
supports EU-level efforts to enable the use of new genomic technologies (NGTs), recognizing
their potential in developing resilient crop varieties suitable for Nordic conditions, which is
particularly relevant for the purpose of this study

2.4 Interim Summary

The literature review underscores the interconnected factors influencing the introduction and
adoption of new crops, revealing that adoption decisions are shaped by a combination of factors.
Agronomic traits directly impact farmers’ perceptions of the crop’s advantages, complexity, and
suitability. However, these biophysical characteristics alone are insufficient. Robust and
accessible market opportunities, including demand, price stability, and buyer availability, are
crucial for making new crops economically viable for farmers. Socio-economic conditions
further affect adoption through farmers’ resource availability, risk attitudes, knowledge, and
social networks — all of which affect their capacity and willingness to try new crops.
Complementing these are policy frameworks which can either enable or constrain crop
introduction through subsidies, research funding, seed certification, and extension services. The
conceptual framework developed (section 2.5) consolidates these diverse influences through
mapping how farmers’ perceptions are nested within broader systemic factors.

Despite this comprehensive understanding, notable knowledge gaps persist. Most importantly,
while previous research has examined these factors in various combinations, few, if any, studies
systematically integrate all four categories within a unified framework. This fragmented
approach limits a holistic understanding of how these dimensions collectively interact to shape
new crop adoption. Additionally, there is limited research on how these factors interact with
farmer perceptions specifically in the Swedish context, and none on how current policies
practically influence the adoption of sorghum —and other climate resilient crops. Therefore, this
study is designed to respond to these gaps by exploring the key factors influencing the
introduction of sorghum into Sweden’s agricultural system (RQ1) and investigating how the
current policy landscape influence farmers’ adoption of new crops like sorghum in Sweden
(RQ2).

24



Sorghum for Sweden? Perspectives on Climate-Resilient Crop Adoption from the Field

2.5 Conceptual Framework

This section introduces the conceptual framework utilized in this study, as illustrated in Figure
2-1. The framework was developed using a combination of methods, heavily relying on the
literature review to extract and map the key factors discussed as influential for the adoption of
CSAPs in general and new crops specifically (see Appendix A). Inspiration for the factors
affecting farmers’ willingness to adopt new crops was drawn from the Diffusion of Innovation
(DOI) theory attributes and cross matched with the literature review. These factors were then

validated and updated through a workshop role-playing activity with experts on sorghum from
different countries (see section 3.2.2).

As backed by the literature review, understanding how and why farmers adopt new crops is a
complex process shaped by many interlinked factors. The conceptual framework developed for
this study in response to RQ1a secks to unpack this complexity through identifying the main
influences on crop adoption. While the framework is based on factors extracted from the
literature review, it is also rooted in the DOI theory developed by Rogers (1983). It explains
how new ideas and technologies spread within a population. Thus, the framework attempts to
account for the specific dynamics of agricultural innovations through combining some concepts
and attributes from the DOI with findings from the literature on agricultural adoption and
farmers behavior. The framework is structured as a layered model that starts with the central
outcome (crop adoption) followed by layers of influences: the perception layer inspired from
the DOI attributes, the categorical influences (agronomic, market, socio-economic, and policy-
related), and their more divided sub-components.
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Figure 2-1 Conceptual Framework

The framework is presented as a layered model, beginning with the central outcome of crop adoption. The red
layer represents perceptions, drawing from Diffusion of Innovation (DOI) attributes, followed by broader

categorical influences (agronomic, market, socio-economic, and policy-related) and their more detailed sub-
components shown in faded colors.

Source: Author’s Llustration Based on Literature Review and Experts’ Opinions
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2.5.1 Central Layer: Crop Adoption

The decision to adopt a new crop is at the heart of this framework. This decision is not binary
and does not happen in isolation, but is better understood as a process that involves
experimentation, learning, and improvement. Farmers assess risks and benefits not only in terms
of profitability but also in terms of long-term viability, labor requirements, cultural values,
market dynamics, the surrounding policy fabric and alignment with their overall livelihood
strategies, among other factors. Thus, the framework frames adoption as an outcome of a
complex interaction between the different factors.

2.5.2 First Layer: Farmers’ Perception — The Diffusion of Innovations
Attributes

Building on the DOI framework (Rogers, 1983), five attributes are identified as critical in
shaping farmers’ perceptions and their willingness to adopt a new crop. These attributes are not
specific or dependent on the crop and its characteristics alone, but they are also shaped by how
the farmer interprets the crop in their context:

Relative Advantage

This refers to “the degree to which an innovation is perceived as better than the idea it supersedes” (Rogers,
1983, p. 15). For agricultural innovations, this superiority may be expressed in economic terms,
such as higher profitability or increased yield potential as discussed in section 2.2.3.1. However,
it is also important to note that even though economic advantage is often central for commercial
farmers, other factors such as a decrease in discomfort or an increasing ease of management can
be significant especially for small-scale farmers — see sections 2.2.2.5 and 2.2.3.3. Another
important note is that the relative advantage of new crops (innovations) does not need to be an
objective superiority, but it is instead more important to consider the ‘perceived’ relative
advantage when thinking about farmers’ willingness.

Compatibility

“The degree to which an innovation is perceived as being consistent with the existing values, past experiences, and
needs of potential adopters.” (Rogers, 1983, p. 15). So, in the context of this thesis, compatibility
means how well the new crop fits with the existing practices, values, and needs of the farmers.
This means that if a crop aligns with the cropping calendar, machinery, and soil management
practices already in use, its adoption by farmers becomes more likely compared to one that
challenges the existing system and demands a change in practices. If the crop also matches
farmers’ cultural values or farming traditions, that’s even better. For example, organic farmers
might be more inclined to adopt crops with environmental benefits and those that provide soil
health benefits because they align with their values of bettering the environment and their needs
of improving their soils without using chemical inputs (Section 2.2.3.6).

Complexity

“Complexity is the degree to which an innovation is perceived as difficult to understand and use.” (Rogers,
1983, p. 15). The DOI posits that certain innovations are more readily understood by their
adopters, while others that are more complicated will be more slowly adopted, if at all. This
relates to how difficult or easy the new crop seems to be understood and managed as farmers
are more likely to adopt something that seems simple and straightforward. They may hesitate,
however, if the new crop requires special knowledge, new tools, or has unfamiliar growing cycles
(Sections 2.2.3.1 and 2.2.2.2). For example, managing pests that are new to the region, or
learning how to process the crop, can seem overwhelming.
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Trialability

“Trialability is the degree to which an innovation may be experimented with on a limited basis” (Rogers, 1983,
p. 15). This is translated to the degree to which farmers can try out the new crop on a small
scale before fully committing. If they are allowed to plant a small plot of sorghum, for example,
and see how it performs, they will feel more confident in deciding whether or not to expand its
use. This small-scale testing reduces the feeling of risk and uncertainty (Rogers, 1983).

Observability

“Observability is the degree to which the results of an innovation are visible to others. The easier it is for individuals
to see the results of an innovation, the more likely they are to adop?” (Rogers, 1983, p. 16). Farmers often
learn from watching their peers. If they see that a neighbor is growing a crop successfully —
especially if the crop looks healthy and is making money — they are more likely to try it
themselves (Section 2.2.3.4). On the other hand, if they never see the crop in action, it will
remain unfamiliar and possibly risky.

These attributes serve as the immediate filters through which farmers evaluate new crops. While
they explain a lot, it is important to remember that they are about perceptions; even if sorghum
has many real advantages, if farmers don’t perceive them, its adoption would be slow.
Additionally, these perceptions are not formed in isolation. They are shaped by a wider set of
conditions.

2.5.3 Second and Third Layers: External Influence Categories

To understand what shapes farmers' perceptions of a new crop, the framework incorporates
two additional layers of external influences that capture the broader systemic conditions
affecting how a new crop is introduced and experienced. They are grouped into four main
categories: agronomic properties, market dynamics, socio-economic factors, and policy and
institutional support. These categories are not mutually exclusive; they interact with each other
and with the perception layer. Each category encompasses several specific factors that influence
how the crop is perceived and adopted. While detailed descriptions are provided in Sections
2.2.1 2.2.4, this section highlights how each category interacts with others within the system.

Agronomic Properties of the Crop

This category (See section 2.2.1) directly shapes how farmers view the crop’s relative
advantages, how well it fits into their current systems (compatibility), and whether they find
it easy or hard to grow (complexity). In the framework, this layer is not isolated; it also links to
markets (for example, through demand for drought-resistant crops) and policies (for example,
through support for breeding local varieties), showing how a crop’s traits interact with the
broader system.

Market Dynamics

Even if a crop is agronomically suitable, its adoption is unlikely without robust market support.
Market conditions (See section 2.2.2) strongly affect whether farmers see the crop as profitable
(relative advantage), whether they feel that it fits within the existing market structures
(compatibility), and whether they can see real success stories (observability). If markets are
weak or complicated, it can also increase the crop’s perceived complexity. In the framework,
market dynamics connect closely with agronomic properties (e.g. whether traits match market
demand) and with policies that can help build supply chains or stabilize prices.

Socio-Economic Factors
This category covers farmers’ personal situations and their social environments (See section
2.2.3). It shapes how farmers understand and respond to the crop — whether they can try it on
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a small scale (trialability), whether they find it easy or hard to manage (complexity), if they
have available channels and networks to see how the crop is doing in trials (observability),
whether it fits their current way of farming and their belief system (compatibility), and how
much of an advantage they think it offers (relative advantage). This layer also links to others
since the socio-economic conditions affect how farmers respond to market opportunities and
how much they can benefit from policies or support programs.

Policy and Institutional Support

This category includes all the public rules, programs, and support systems that can help — or
hinder — farmers in adopting new crops (See section 2.2.4). Good policy can improve farmers’
views of the crop’s benefits (relative advantage). It can make it easier for farmers to learn
about and manage the crops (complexity), for example through extension services.
Additionally, it could increase opportunities to see and test the crop (observability and
trialability). If policies are unclear or unsupportive, they can block adoption altogether. In the
framework, this layer supports all the others, shaping how varieties are developed, how markets
function, and how capable or confident farmers feel.

2.5.4 Framework Operationalization Disclaimer

While the full framework captures the ideal system of influences on new crop adoption, this
thesis will not empirically test every element, nor conduct quantitative analyses (like cost-benefit
studies, market demand modelling, agronomic trials etc.). Instead, the research focuses on:

e Farmers’ perceptions (core layer 1): Through semi-structured interviews (see
Chapter3), this thesis explores farmers’ perception of sorghum’s DOI attributes in their
own contexts.

e Emergent external factors (outer layers 2&3): When farmers and experts
spontaneously raise issues related to agronomic traits, market conditions, socio-
economic realities, or policy support and restrictions, those will be probed to understand
their perceived influence on adoption decisions. For example, if a farmer expresses
their worry that there is no buyer for sorghum, then this will be recorded as evidence
that market demand (layer 3) is an important factor in their decision making. On the
other hand, this thesis will not gather independent data on sorghum market volumes or
run yield trials for examples; it will only depend on and report farmers’ own mentions
of these issues.

Through framing the outer layers as contextual lenses instead of the object of the analysis, this
approach keeps the study’s scope defined and feasible. It ensures that the analysis remains
grounded in farmers’ lived experiences and perceptions, while acknowledging that more
comprehensive and detailed evaluations of agronomy, market and policy would require
additional research beyond this thesis.
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3 Research Design, Materials and Methods

This chapter details the methodology utilized for this research, starting with how the research is
designed and which worldview it adopts throughout this exploration. It then focuses on the data
collection methods and the materials collected to achieve the research’s aim. How data is
structured and analyzed comes next, followed finally by a consideration and reflection on the
role of the researcher and validity of the results throughout the study.

3.1 Research Design

This thesis adopts a qualitative research design to explore the institutional, market, policy-
related, and socio-economic factors influencing the adoption of sorghum in Sweden, relying
heavily on the perceptions of farmers as a primary group and end-users of crop innovations. A
qualitative approach is deemed suitable for this as it allows for exploring the complexity and
interlinkages of these factors, while aiming to gain an in-depth understanding of the
phenomenon grounded in the participants’ “perceptions and experiences, and the way they make sense of
their lives” (Creswell & Creswell, 2018, p. 320; Lincoln et al., 1985). The research is informed by
and situated within a constructivist worldview, which acknowledges the role of subjective
experiences within their social contexts in shaping knowledge (Creswell & Creswell, 2018). In
this particular case: why farmers in Sweden perceive factors influencing sorghum adoption in
certain ways, shaped by their historical experiences, social interactions and the specific Swedish
sociopolitical fabric. However, it is crucially important to note the role of the author’s experience
and judgement in the data collection and interpretation, and hence, reflexivity is employed in all
the stages of this research with an understanding that the author’s role is not neutral nor
objective, but engaged and interpretive with potential biases (Creswell & Creswell, 2018).

The research also incorporates elements of action research, aiming to support learning and
reflection among participants while generating knowledge. As sorghum is a novel crop in
Sweden, prior to the interviews, awareness raising activities were run among interested farmers,
including a short podcast and a webinar. These tools served to trigger reflection on the idea of
adopting a new crop and helped surface what types of information farmers perceive as necessary
for making such decisions.

The study is designed to address the research questions through multiple steps and approaches,
combining a systematic literature review with primary data collection through interviews and
focus groups, and a complementary content analysis of the relevant documents and policies.
The process is iterative: data collection and analysis evolve through cycles of engagement with
different sources, allowing new themes and questions to emerge over time. For example,
stakeholders’ interviews highlight and add to the relevant policy documents to be reviewed, and
the focus groups add to the identified stakeholders to be interviewed. This design enables the
refinement of the research focus and the integration of complementary insights from various
actors and materials, consistent with a constructivist worldview (Creswell & Creswell, 2018).

A foundational step was the development of a conceptual framework. A systematic literature
review examined factors influencing the adoption of new crops in different contexts. This
informed the inclusion of innovation attributes from the Diffusion of Innovations theory
(Rogers, 1983), based on the premise that perceived crop characteristics — such as relative
advantage, compatibility, and complexity — are shaped by the surrounding institutional and
socio-economic environment. The resulting theoretical draft of the framework was then tested
and modified through an in-person focus group with experts from the SORG4NOBAL project.
The focus group aimed to include the perspectives of key actors in the framework as a feature
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of constructivism, and also as a step towards triangulating the findings from the literature review
to ensure qualitative validity and reliability of the framework (Creswell & Creswell, 2018).

This layered, iterative design not only supports the understanding of sorghum adoption in
Sweden but also aims to contribute methodologically through a transferable framework to
examining the introduction of novel crops in other socio-political and agricultural contexts. A
simple visualization of the research design is presented in Figure 3-1.
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Figure 3-1 Visualization of the Research Design

Source: Author’s interpretation

3.2 Data collection methods and materials collected

This section details the four methods used for data collection: An extensive systematic literature
review, two focus groups, semi-structured interviews with key stakeholders, and complementary
document analysis — An overview of which can be found in Appendix C.

3.2.1 Literature Review

To inform this study of the factors influencing the adoption of new crops across different
contexts (Section 2.2), a systemic literature review was performed using Scopus database. It was
inspired by Okoli’s guide (2015), following four main steps.

Step 1 included an initial literature identification and screening to ensure reliable sources’
inclusion in this review. The relevant literature was initially identified using primary search terms,
(see Appendix B). The resulting literature was screened by only including open access “Peer-
reviewed journal articles” in English. This step resulted in 198 articles.

Step 2 was the theoretical screening of the articles to ensure their alignment with the study’s
objectives based on conceptual relevance. At this stage, studies were included only if they
examined the market-related, systemic, institutional, or socio-economic factors influencing the
uptake or adoption of new or alternative crops. Studies situated particularly within climate-
resilient or sustainable agriculture frameworks were also included. Studies exclusively focusing
on the socio-demographic determinants of farmer decisions (e.g., age, education), impacts of
adopting climate-smart agricultural (CSA) and non-crop-based CSA practices, and gender-
specific adoption patterns were excluded. Also excluded were studies on non-crop-based CSA
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practices, such as irrigation or livestock. Detailed agronomic studies that focused on crop
suitability modeling, performance simulations, or the effect of climate on yield were excluded
due to the thesis's socio-institutional focus. This screening process ensured that the final pool
of literature directly related to the thesis aim, resulting in 50 articles and excluding 154 articles.

Step 3 involved excluding articles that were replicated throughout the different search results
and appeared more than once. This further eliminated 6 articles, resulting in 44 relevant articles.

Step 4 involved the inclusion of the expert-recommended sources and snowballing technique
to expand the scope of relevant literature. Snowballing involved screening the reference lists of
key articles and identifying frequently cited works within the field to uncover additional studies
that met the theoretical criteria of this thesis. This step was useful in locating relevant studies
that were not retrieved through the keyword-based searches conducted in step 1. This resulted
in the inclusion of additional 11 sources, yielding a total of 55 articles for the qualitative
analysis, and informed the development of the conceptual framework explained in greater depth
in Section 2.5. The sorghum-specific literature was identified through expert recommendations
from thesis supervisors, SORG4NOBAL project stakeholders, and interviewed researchers, as
well as relevant grey literature. This targeted approach aimed to bypass technical studies on
sorghum breeding and genetics, which fall outside the scope of this thesis, and instead focused
on its uses, geographical distribution, and potential relevance for adoption. This approach was
chosen given that initial screenings revealed limited research on sorghum adoption itself.

3.2.2 Focus Group Discussions

Two Focus Group Discussions (FGDs) were conducted in collaboration with the
SORG4NOBAL project to support the development and validation of this thesis, as
summarized in Table 3-1. The agenda of the workshop is attached in Appendix (D), and the
consent forms for the workshop in Appendix (E).

Table 3-1 Information about the FGDs held

Focus | Purpose of the Focus | Participants Methodology Date & | Location

Group | Group Duration

#1 To gain a better 10 stakeholders from Semi-structured 14 Oct, Online
understanding of the | Denmark, Lithuania, discussion; detailed 2024 (2
challenges and Estonia, Sweden, The notes and hrs)
opportunities faced Netherlands, and Ukraine; | transcription
by different countries | including researchers, collected with
working towards farmer association reps, consent
sorghum adoption, and pioneer farmer
and informing the collaborators
problem definition of
the thesis.

#H2 Validating and 12 participants during Role-play exercise; 1 Onsite in
refining the SORG4NOBAL project group discussions; March, Baku,
conceptual meeting in Baku including | framework reflection | 2025 Azerbaijan
framework initially researchers, farmer and adjustment. See | (2.5 hrs)
constructed through | associations, and Appendix D
the literature review. | universities.
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3.2.3 Semi-Structured Interviews

Semi-structured interviews served as a cornerstone of this research methodology, designed
around perceptions and lived realities. The interviews were divided into two main groups:
farmers and other key stakeholders. All interviews were held online via Zoom or Google Meet,
and participants were informed about the thesis topic through an invitation letter sent via email
which can be found in Appendix F. Additionally, the consent form and all agreements were sent
prior to the scheduled interview, following the ethical guidelines (see section 1.4 ). The questions
for the interviews were kept broad to provide room for introspections (Creswell & Creswell,
2018) and to allow for emerging themes to come up through discussions. Two interview guides
were designed and tailored for farmers and different stakeholders, included in appendix G.
Anonymity of the interviewees was maintained by replacing their names with codes. The roles
of participants along with their country locations, interview dates and length can be found in
Appendix H. In total, 24 interviews were held with different stakeholders, including 10
interviews with organic farmers. Throughout the study, reference to interviews is made through
the participants’ codes: F1-F10 for organic farmers and P01-P14 for other stakeholders.

3.2.3.1 Farmers Interviews

Since sorghum is a new crop to Sweden that many farmers have not heard of before, knowledge
sharing was an important element in this research design. Prior to farmer interviews, a podcast
presenting an overview of sorghum was created using Google’s NOTEBOOKILM software.
The software was fed information about sorghum from the SORG4NOBAL project documents
and a transcription of the first FGD with the project researchers. The podcast was then shared
with Swedish organic farmers through Ekologiska Lantbrukarna - the Swedish organic farmers
association on their website. While there is no way of knowing how many people listened to the
podcast, the association has about 1500 members of Swedish organic farmers with access to the
podcast. The second awareness raising activity was a one-hour webinar for farmers organized
in collaboration with experts from the project. The experts in the webinar presented more
detailed information about what sorghum is, what it could be used for and how it could be
planted, in addition to experiences with sorghum trials in the Netherlands and Denmark and
the experience of the SLU pilot study in Sweden. A total of 28 participants attended the webinar,
of which 9 were organizers and presenters. The webinar also served as an introduction to this
thesis and an invitation for farmers to participate in the study.

To answer RQ1b, 10 semi structured interviews were conducted with organic farmers. The
focus of the questions here was the motivations and barriers perceived by the interviewees in
adopting new crops, and for those who have heard about sorghum before, more questions were
asked with the DOI framework in mind concerning how they perceive sorghum’s relative
advantage compared to the crops they traditionally grow, its compatibility with their farming
practices, and complexity. The observability and trialability elements were not asked for directly,
but rather noted whenever mentioned during other parts of the interviews. Whereas the
framework lists the potential categories of influencing factors in farmers’ decision to adopt new
crops, it is important to note that farmers were not asked to elaborate on every factor and were
instead triggered to organically mention the factors important to them. This was intentional to
avoid biasing the results towards agreeing with the developed conceptual framework.

Initially, some contact information for organic farmers was received through Ekologiska
Lantbrukarna for the interviews and they were contacted via email. Conventional farmers were
also sought after, individually, through Facebook Groups of Swedish Farmers, and through LRF
(Federation of Swedish Farmers). However, these connection attempts were not fruitful as
invitations were either unanswered or received replies of non-interest, limiting the pool of
interviewees to organic farmers. The implications of this are discussed in Section 5.2.
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3.2.3.2 Key Stakeholders Interviews

To answer RQ1b and RQ2, 14 stakeholder interviews were held. Incorporating interviews with
key stakeholders was crucial for understanding farmers’ perspectives, motivations, concerns and
willingness to change, especially realized through interviewing agricultural advisors working
closely with farmers (RQ1b). Additionally, interviews with seed companies and niche crop
experts were important to understand the bottlenecks of how sorghum seeds may be distributed
within Sweden’s seed regulations and what factors influence this distribution. Researchers
working on non-traditional crops in general and in sorghum specifically provided valuable
insights on the viability of sorghum in Sweden and its potential. Finally, interviews with
individuals working at the intersection of policy and agriculture served to provide more insights
on the policy workings (RQ2).

3.2.4 Document Analysis

Document analysis was used as a complementary method to triangulate the interview data,
enhancing the credibility and richness of the study’s findings (Creswell & Creswell, 2018). This
method involved a review and interpretation of relevant policy and strategic documents to gain
insight into institutional perspectives. It also served to address potential gaps in the primary data
and offered a broader contextual understanding of the regulatory environment surrounding new
crop introduction. The documents — summarized in Table 3-2 - were selected based on the
interviews, and their relevance to Swedish and EU-level agricultural strategies. Swedish policy
documents were translated using Google Translate. Section 5.2 acknowledges the potential
limitations of this translation approach.

Table 3-2 List of Documents/ Policies involved in the content analysis

No. | Document/ Language | Scale Description Publishing
Policy Name Date

1 At a glance: Sweden’s CAP | English National | Sweden’s CAP plan that 2024
Strategic Plan (European defines the country’s
Commission) strategy to cover all the
main instruments funded
by CAP. This document
showcases some of the
CAP’s main features.

2 Sweden’s Strategic plan for | Swedish | National | This document outlines 2024
the implementation of the Sweden’s implementation
common agricultural strategy of the CAP 2023-
policy in Sweden 2023- 2027.

2027

3 Evaluation Report of the Swedish | National | The Evaluation Report 2025
strategic plan's with assesses how Sweden’s
contribution to the English CAP Strategic Plan
agricultural knowledge and | Summary supports its Agricultural
innovation system (AKIS) Knowledge and Innovation
(Utvirdering av den System (AKIS) through
strategiska planens bidrag strengthening links between

farmers, advisors, and
researchers to promote
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No. | Document/ Language | Scale Description Publishing
Policy Name Date
till lantbrukets kunskaps- innovation and sustainable
och innovationssystem) farming.
4 Sweden's Food Strategy Swedish | National | A comprehensive plan 2025
2.0 decided by the government

to enhance the nation's
food sector.

5 European Commission's English EU- The website Non-
website for an overview of Level dated
the CAP 2023-2027,
including its aims, history,
and current rules.

6 Regulation English EU- This Regulation 2021
(EU) 2021/2115 of the Level “establishing rules on
European Parliament and support for strategic plans
of the Council of to be drawn up by
2 December 2021 Member States under the
common agricultural policy
(CAP Strategic Plans”

3.3 Methods for Data Analysis

The data analysis process employed a thematic analysis approach in sequential steps following
the guidelines of Creswell & Creswell (2018). This process includes “segmenting and taking apart
the data (like peeling back the layers of an onion) as well as putting it back together” (Creswell & Creswell,
2018, p. 318) to try to make sense of the dense data collected and organizing them into themes
to create a narrative for the factors affecting new crops introduction in Sweden. The iterative
analysis helped unveil new connections and a more nuanced understanding of the factors in

play.

First, to develop the conceptual framework guiding this study, a synthesis matrix was
constructed in Microsoft Excel for the literature review sources. I used inductive methods to
extract the key ideas from the texts. These ideas constructed my Y-axis in the synthesis matrix,
whereas notes from each source were recorded along the X-axis. I then used this matrix to
engage with the literature and analyse it in my literature review. The template for the synthesis
matrix can be found in Appendix I. This matrix allowed for the organization and comparison
of thematic insights from the literature, particularly influencing the adoption of new crops. The
resulting themes informed the categories of my conceptual framework, which informed the
structure of the interview guide and provided the analytical basis for RQ1a.

Second, to process the data from the interviews — audio-recorded using Zoom or Google Meet
— Transcription was conducted through a paid professional service (Transkriptor.com). After
that, the transcripts were manually reviewed and cleaned. A thematic analysis was conducted
using a computer-assisted qualitative data analysis tool (NVivo software) to code the qualitative
data. The coding scheme was deductively informed by the conceptual framework developed in
the literature review (Section 2.5) with the codebook presented in Appendix J. This structured
coding process enabled the identification of patterns and divergences across different actor
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groups and across different sources, allowing for a comparison of the findings between the
literature review and the interviews.

To strengthen the validity of the findings, the study used triangulation by comparing different
sources (like farmers and other stakeholders), methods (like interviews and the literature
review/complementary document analysis), and perspectives (like the conceptual framework
and what came up in the data through coding). This helped confirm key insights from different
angles and made the conclusions stronger.

3.4 Reflexivity, Research Reliability and Validity

Given the qualitative and constructivist nature of this study, issues of reflexivity, reliability, and
validity were addressed throughout the research process to ensure credibility and
trustworthiness (Creswell & Creswell, 2018).

Reflexivity was actively practiced at all stages of the research. As the researcher, I remained
critically aware of my own role, background, and potential influence on data collection,
interpretation, and analysis (Creswell & Creswell, 2018). My interest in sustainable agriculture,
familiarity with climate adaptation discourses, and my previous work experience with farmers
in Egypt and South Africa may have shaped the way I approached interview questions and
interpreted responses. To mitigate this, I had ongoing discussions with thesis supervisors which
helped shape the framing of my interview questions to ensure they are not leading (Creswell &
Creswell, 2018). Following the interviews, I rewatched the recorded sessions to reflect on how
my phrasing may have influenced participant responses and whether my interpretations were
consistent with the intent of the participants’ perspectives.

Reliability in qualitative research “Gudicates that the researcher’s approach is consistent across different
researchers and among different projects” (Gibbs, 2007 as cited in Creswell & Creswell, 2018, p. 314).
To support this, I used a clear and transparent interview protocol, consistent data coding
procedures that included going back to the codes making sure their meaning do not shift during
the process, and detailed documentation of research steps. Interview transcripts were reviewed
more than once, and coding was supported by a pre-constructed framework that was later
refined through inductive analysis.

Qualitative validity is “based on determining whether the findings are accurate from the standpoint of the
researcher, the participant, or the readers of an account’ (Creswell & Miller, 2000 as cited in Creswell &
Creswell, 2018, p. 314). To ensure the validity of the findings, several strategies were used. First,
data from different sources were compared to check for consistency, including data from
farmers, stakeholders, policy documents, and academic literature. Second, different methods
such as interviews, focus groups discussions, literature review, and policy analysis were
combined to cross-check findings. Third, the analysis was based both on a conceptual
framework from existing literature and on what participants shared in practice, helping to
connect theory with reality. Finally, feedback from project partners, including during the
SORG4NOBAL focus group and expert interviews, helped confirm that the findings made
sense to those directly involved.
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4 Results and Analysis

This chapter presents the findings from interviews with organic farmers and agricultural
stakeholders in Sweden. Sections 4.1 to 4.3 primarily address RQ1 (factors influencing sorghum
adoption), while Section 4.4 focuses on Research Question 2 (the policy environment shaping
adoption). Each of the first three sections is followed by an integrated discussion linking findings
to the relevant literature. Section 4.4 similarly includes a discussion that integrates insights from
the complementary document analysis. The visualization of the results for each of the four

categories by percentage of interviews where a factor was mentioned is presented in Appendix
K.

4.1 Agronomic Properties
4.1.1 Resilience to Extreme Climatic Conditions

Across the interviews, there is a strong consensus on the drought resilience of sorghum as one
of its most important attributes, as highlighted by seven out of ten farmers (FO1, F03, F05, F06,
F07, FO8, F09) and 6 out of the 14 stakeholders (P01, P02, P06, P11, P13, P14), especially in
the context of changing weather patterns in Sweden. Several farmers mentioned the eastern and
southeastern regions of Sweden — characterized by sandy soils and lower rainfall — as key areas
where sorghum could perform well. One farmer (FO1) explained that there is a “big interest for
growing crops that could work better in hot summers with a really dry climate.”

Past climate shocks were frequently referenced as inflection points that increased the farmers’
awareness of the need for resilient crops. The 2018 drought, in particular, was mentioned by
both farmers and stakeholders as a pivotal event and a wake-up call triggering experimentation:

[“Sorghum: was one of the crops that actually grew in the drought... A lot of farmers started to
get an interest for sorghum that year because there was not enough feed for the cattle.’] (P01,
Jordbruksverket, 6 Mar, 2025)

[“We harvested everything that was possible to harvest anywhere... and it seemed like Sudan
grass [closely related to sorghum (Author’s note)] actually doesn’t die — it just waits, and then
geves something if it rains later”’] (P02, Ekologiska Lantbrukarna, 20 March, 2025)

This delayed but eventual productivity was seen as a risk mitigation strategy, particularly in
mixed farming systems with livestock (FO3).

In addition to historical experience, long-term adaptation planning was also featured in FO8’s
reasoning, reflecting a growing sense of urgency and inevitability regarding climate change:

[“We have to test stuff that’s maybe not profitable in 2025, but in 2035 we have to grow
them. .. we have created a monster out there since we start burning this ugly fossil fuel and we
can't handle it. But we try. Or we could try anyway.”] (FO8, 7 April, 2025)

However, while this foresight highlights an aspect of strategic planning for future
agricultural adaptation that is not immediately pressing but important for long-term
sustainability, it was not echoed by other actors.

The specific physiological properties of sorghum — such as its being a C4 crop and that
it stops developing when confronted with high temperatures - triggers farmers' interest
to experiment with sorghum. Especially those working without irrigation or artificial
fertilizers.
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It is important to flag here that some farmers also emphasized that drought resistance alone is
not enough. In wetter regions or seasons, resilience to heavy rainfall and flexibility in planting
schedules were considered equally important. A farmer (F06) explained “If has to take extremes
both ways. .. it also bas to be good to stand rain, especially in the fall. .. the drought resistance is mainly important
Sor the first period of growth.”. Moreover, there was also some common uncertainty among the
respondents regarding adopting climate resilient crops whose yields do not compare to the
traditional crops. This was especially stressed within the context of Sweden where extreme
weather events are not yet perceived as frequent events requiring interferences, exemplified by
this quote:

[“I think for these farmers, it [sorghum] was good to get food for animals and it worked when
it was dry. But when the rain comes, the legumes and the grass grow good. So then there was

no need for it. It was more easy and to have legumes and grass”] (P03,
Hushallningssallskapet, 21 March, 2025)

The findings on sorghum’s climate resilience largely echo the established literature, but also
reveal where Swedish farmers’ perspective diverge from global patterns. Across the interviews,
there was a strong belief in sorghum’s ability to withstand dry and hot climates, which are the
attributes making it prized in semi-arid zones (e.g., Ciampitti et al., 2020; Tonapi et al., 2020).
Additionally, the 2018 drought in Sweden emerged as a pivotal discussion moment in the
interviews affecting the willingness of farmers to experiment with resistant crops and shifting
their perceptions to risk management options. This mirrors the analyses of how extreme events
catalyze the uptake of drought-tolerant varieties (Aryal et al., 2018; Erekalo & Yadda, 2023).

However, there are also some divergences from the literature. For example, only one farmer
articulated a long-term perspective, whereas adaptation literature suggests farmers generally
adopt resilient crops as part of proactive climate-smart strategies (Abdoulaye & Sanders, 2000;
Olsson, 2017). This points to a gap between theoretical “climate readiness” framing and the on-
the-ground decision making process in Sweden that incorporates and, in some cases, priorities
other considerations. Finally, while the literature often treats drought tolerance as universally
advantageous (e.g., Ciampitti et al., 2020; Tonapi et al., 2020), the results show that in the wetter
Swedish regions, sorghum needs to also showcase its resilience against excessive rains.
Moreover, sorghum’s value seems to diminish in comparison with grasses that potentially
recover after rain, which is another context-specific pitfall that the literature — dominated by
tropical/subtropical cases — does not fully capture.

4.1.2 Suitability to Biophysical Conditions

Climatic suitability emerged as a key determinant in farmers' decisions (FO1, F02, F03, FO6, FO7,
F08, F10) to adopt or reject new crops, including sorghum. It was also a recurrent theme among
different stakeholders (P2, P03, P07, P08, P09, P10, P12). Across multiple interviews,
respondents emphasized that a crop’s adaptation to the local biophysical conditions (climate
and solil) is a precondition for sustained cultivation. As F10 explained, “z# must be quite stable in the
climate. .. You can't grow crops that are too far away from [being] suited to Sweden — like frost tolerance and
how many days |are required] from sowing to harvest and so on.”

Several farmers and stakeholders highlighted the unpredictable nature of Swedish weather —
becoming increasingly so with climate change — as a significant barrier to the adoption of new
crops like sorghum. FO2 emphasized that “?he weather is the biggest problen becanse we've had really wet
summers bere a couple of years now.” Drawing a parallel with maize, PO7 noted that despite successful
breeding efforts that allow maize cultivation in Sweden and Denmark, “wost of the time it doesn't
reach maturity,” and when it does, it coincides with wet autumn conditions, making harvesting
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difficult and often resulting in spoilage. They explained: “You can’t actually sell it as mature grain
because it rots after harvest.” This experience underscores the broader climatic challenges that new
crops face. For sorghum in particular, P07 emphasized the need for a shorter maturation period
and earlier sowing dates, which would require breeding for both cold germination tolerance and
frost-resistant seedlings. As they explained, ‘% it’s cold for a month then it doesn’t matter that you sowed
them earlier because they don’t grow for that month.” The issue of maturity timing was echoed by P03
(Hushillningssillskapet) and P08, who emphasized sorghum's sensitivity to both spring frost
and cooler flowering periods.

Stakeholders further reinforced region-specific challenges. As PO2 recounted, a farmer trialing
Sudan grass initially saw success during drought years (2018 onwards), but later abandoned it in
2020 due to unreliable rainfall and poor returns. PO8 added that many sorghum varieties require
consistent daily temperatures of around 20°C to establish propetly, making early sowing in
northern regions unfeasible. This was consistent with FO1’s view that sorghum might be more
appropriate for "the South of Sweden," whete temperature and light conditions are more favorable.

The interactions between the soil and the climate were also highlighted as important factors by
two farmers (FO2 and F03) where FO3 reported poor performance of certain legumes due to
heavy clay soils as a barrier to their adoption, while FO2 worried that their clay-heavy land might
not suit sorghum. This pinpoints the importance of the suitability of the crop to Sweden’s soils
and the related knowledge dissemination.

Furthermore, adaptation to local light conditions is critical. As stated by PO7 that “sorghum likes
exctreme light,” and while Sweden provides enough light during the growing season, crop success
is still highly dependent on favorable seasonal conditions. In contrast, P09 explained that they
had tried two sorghum varieties before and they did not work because they did not adapt to
Sweden’s day length, stating that they think sorghum failed because it received too much sun
that it kept growing and not reaching the seeding stage. This implies that there is a contradiction
in the perception of the effect of Sweden’s day length on sorghum’s growth. It is also important
to note here that sorghum has different varieties which could have been bred to different
daylight tolerance, influencing the experiences of the farmers and hence, their perceptions of
the crop’s climatic needs. Farmer FO1 touched on this issue of seeds varieties and their
adaptability to the climate, as well as how it affects farmers’ motivations and perceptions: “/
think that the biggest issue is to get the right seeds with the highest rate of succession [...] it's easy to get a bad
variety for this climate. And then you say that this do not work.”

Lastly, the broader viability of sorghum in Sweden with regards to the biophysical suitability was
questioned by P08, who asserted that while sorghum suits "/ow rain, strong heat" regions, “such
conditions in in Scandinavia. .. are hard to see in the near future."

Sorghum’s suitability to biophysical conditions departs from the literature more often than it
converges. Sorghum’s global cultivation literature emphasizes its broad climatic suitability with
its tolerance of high temperatures, moisture stress, and adaptability to both rain-fed and irrigated
systems (e.g., Hossain et al., 2022; Morales et al., 2024). However, most case studies come from
environments where day-length and frost are non-limiting. The literature also points that
breeding for early maturity and cold germination remains in its infancy for long-day temperate
zones (Morales et al., 2024; Teferra & Awika, 2019), which the results agree with through
farmers’ need for more information and their concerns/doubts regarding whether sorghum
cultivation is even possible in Sweden. Hence, the critical need for cold-tolerant, early-maturing
sorghum lines matches literature recognition that temperate photoperiod and germination traits
are under-developed. Additionally, farmers’ concerns and calls for locally adapted varieties echo
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those in the literature, which becomes even more relevant for Sweden’s regional climate
heterogeneity.

However, the results also offer divergences from and nuances to the literature. The first point
of departure in this context address sorghum’s sensitivity to excess light, where a Swedish trial
(P09) found that Sweden’s extended daylight delayed maturity, causing sorghum to “4eep growing”
and not seeding. This response to too much day-length rather than too little has little precedence
in the literature, which largely assumes photoperiod insensitivity outside tropical latitudes.
Furthermore, although sorghum literature underscores poor-soil tolerance, several farmers
worried that heavy clay (F03) or fine sand (F02) would limit root penetration and water
management in Swedish conditions. There is a contradiction in farmers’ expectations of
sorghum’s suitability to their soils which needs to be further explored.

4.1.3 Weed Competition and Pest Resistance

Concerns about weed resistance and pest control emerged across several interviews, particularly
in relation to organic farming systems where herbicide use is limited. A total of six farmers (FO1,
F02, FO3, FO4, FO6, F09) and five stakeholders (P03, P04, P05, P06, P11) highlighted weed-
related challenges and the implications of sorghum’s growth patterns for competition with
weeds. As FO2 described, “I do row cultivation on all my crops... but how it [sorghum] competes with the
weed in the row, I don’t know. So that's interesting.” Similarly, FO3 noted that certain crops like lupin
performed pootly on their farm because “i# has quite bad resistance to weeds. So, the weeds could easil)
take over,” signaling farmers’ concerns about the crop’s ability to establish and suppress weeds
early in the season, and that poor resistance to weed could act as a barrier to implementation.

The risk of new or problematic weeds being introduced through seed imports was a concern
shared by F04 and P04, particularly with reference to crops that have been introduced in the
past. P04 also raised the possibility that sorghum could act as a weed itself under certain
conditions, much like rapeseed does when it self-seeds in following crop rotations, but stated
that they do not know if sorghum would behave the same.

P05 added that in organic systems, mechanical weeding is the most common method during
early growth stages, but because sorghum is large and spaced farther apart than wheat, “yox have
more distance between the rows and you wonld have it easier for weed to come up.”

On the other hand, some interviewees viewed sorghum’s weed suppression ability more
positively, particularly once the crop is established. As P03 explained “If sorghum grows good, it
grows very fast... so if you just come over the first 2—3 weeks, then weeds are no problem after that. But in the
beginning, it can be.”

This emphasizes that weeds might only be a problem at the beginning of sorghum’s growth, but
then it is no longer, showcasing a trade-off that farmers need to consider. Interestingly, some
stakeholders even noted sorghum’s potential as a weed-management tool. P06 (Swedish
University of Agricultural Sciences) mentioned that some farmers have incorporated Sudan
grass (a sorghum relative) into their rotation to combat persistent weed problems, suggesting
potential indirect benefits. Similarly, FO6 noted that increasing crop family diversity—including
crops like sorghum—could support weed suppression through rotational benefits, stating that
“we like to have from different crop families... so sorghum is also grass, but it's still quite different from the
grains.”

More broadly, stakeholders like P11 emphasized that weed control options remain limited,
especially in organic systems:
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[“T'he weed control is rather difficult because of the lack of technical and chemical projects at
onr disposal. Y ou can do tilling, but when you till, you diminish the productivity of your ground.
It's not a durable, sustainable technigue. So, they (farmers) want to do no till, but to do that
they need effective control... We need chemicals. But weed control is such a hard point to
manage. We cannot also be blind to this aspect.”’] (P11, Sorghum 1D, 28 March, 2025)

This points to a general constraint faced by farmers interested in adopting crops like sorghum,
where existing tools for integrated pest and weed management may be insufficient or
underdeveloped, which is especially true for new crops that have a small market still. These
mixed experiences underscore the need for further experimentation and local adaptation to
determine whether sorghum can provide a net benefit in weed management within Swedish
organic systems, or introduce more complexity.

In terms of pest pressure, only one farmer (F09), and one stakeholder (P11) reported notable
experiences. F09 shared that while his father experimented with an alternative crop that initially
went well, “%hen one year just got eaten by insects |...] and he didn’t get anything paid.” This led to the
abandonment of that crop in favor of more reliable options like grass, pointing to the
importance of pest resistance in crop adoption decisions. On the positive side, P11 highlighted
that sorghum's closed flower structure makes it less prone to insect damage, potentially reducing
the need for pesticide use, offering an ecological and economic benefit.

When it comes to weed control, past experiences with imported seeds leading to self-seeding
weeds (P04) or weed invasions reveal a heightened caution in Sweden towards weed risks. This
ecological dimension seems underplayed in the sorghum literature that focuses on agronomic
traits rather than invasive potential. Moreover, despite that the global studies celebrate
sorghum’s low-input credentials (e.g., Zhu et al., 2010), Swedish stakeholders wary that EU
registration costs for herbicides specific to sorghum (or any small crop) are prohibitive, leaving
organic growers with few non-till options (P11). This regulatory-driven constraint on weed
management tools is largely absent from literature centered on developing-country contexts
where there are more chemical options broadly available.

4.1.4 Environmental Benefits

Across the interviews, another recurring theme was sorghum's potential to contribute to more
environmentally sustainable farming systems. Farmers (FO3, FO5, F06, FO7) and stakeholders
(P02, P03, P06, P09, P13) recognized its lower input requirements, positive effects on soil health,
and adaptability to climate stress as key ecological advantages.

Several respondents highlighted sorghum’s low dependence on synthetic fertilizers, especially
nitrogen. Additionally, P06 referred to the multi-year trials at SLU plots demonstrating that
sorghum grew for three consecutive years without fertilizer inputs. He elaborated on the crop’s
unique “aerial roots” that secrete a mucilage supporting nitrogen-fixing bacteria, positioning
sorghum as a valuable crop for organic and low-input systems, aligning with current consumer
trends toward organic and environmentally friendly products.

Soil regeneration and long-term health were additional motivations. Farmers saw sorghum as a
way to revive degraded or fallow land. FO5, for instance, whose land was not used for many
years and needed a new start stated that his interest in sorghum was born because he heard it
might be good for the soil. Similarly, P13, who is an expert on sorghum breeding in The
Netherlands, emphasized that sorghum offers farmers an opportunity for better management
and improved system efficiency, referring to this as a way of circular thinking since sorghum
not only gives a product, but also improves their soil health with less chemical inputs.
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Sorghum was also appreciated for its contribution to crop rotation, soil structure, and
biodiversity. FO6 described sorghum as a useful addition due to its agronomic difference from
typical grains, which could help disrupt pest and weed cycles. This was also resonated by
stakeholder P03 who added that introducing sorghum breaks the cycle of disease associated
with repeated legume cultivation.

Sudan grass — sorghum’s relative — was also recognized for its bulk biomass production and its
role as a green manure, particularly after potatoes, where it was appreciated for breaking
nematode cycles and improving soil health. Moreover, P02 interviewed some farmers who
claimed that Sudan grass’s quick die-off with the first frost, and ease of incorporation into the
soil without herbicides made it attractive for farmers seeking sustainable soil management
practices, especially for growing after potatoes.

Several participants also linked sorghum to broader environmental concerns. For instance, PO6
noted its role in addressing eutrophication, while FO6 explained how their farming ideology was
strongly influenced by climate change awareness. So, sorghum has the potential to be seen by
both farmers and stakeholders not only as a promising crop from a production standpoint, but
also as a gear in environmentally beneficial farming practices. Its adaptability to drought,
potential to reduce fertilizer dependence, and suitability within diverse crop rotations are all key
factors potentially affecting this perception.

When it comes to sorghum’s perceived environmental benefits, some farmers and stakeholders
perceived them as a driver for adoption. This aligns with the literature as environmental co-
benefits — such as soil regeneration and reduced synthetic fertilizer use — are increasingly
recognized as “relative advantages” that drive interest in novel crops (Ginot et al., 2024; Hockett
& Richardson, 2018). In semi-subsistence contexts, the capacity of new crops to rehabilitate
degraded ground has proven a strong motivator (Isgren et al., 2020), which was also mirrored
in one of the interviews where the farmer’s land had been abandoned for a long time.

4.1.5 Yield Potential

Yield potential emerged as another consideration shaping the adoption of new crops,
particularly sorghum. This factor was touched on by 3 farmers (FO1, F04, F06) and 3
stakeholders (P02, P08, P12), where the perceived yield of a crop was weighed against both
climatic resilience and market feasibility, often making or breaking adoption decisions.

Some farmers indicated that lower or moderate yields are not necessarily a barrier to adoption
if aligned with land limitations or if the crop performed well in marginal conditions. For
instance, FO1 who is working in Gotland Island, characterized by dry climate and light soils,
noted that “They [Farmers in Gotland] have a lot of fields that they do not expect so much from becanse of
[the biophysical] conditions. And then lentils work quite well. So, they are happy just with a moderate yield,”
suggesting that the yield benchmark can be relative, shaped by land quality and historical

outcomes.

Drought resilience was highlighted as a motivating factor in some instances, even when
accompanied by moderate yields. For example, F04 stated that their interest in maize was initially
driven by its drought resistance, emphasizing the practical value of stable yields under stress.
However, this motivation was conditioned: “But it's no point growing anything if no one is buying it,”
highlighting the persistent intersection of yield, resilience, and market demand.

More resistance also appeared in some interviewees that expressed frustration with yield
unpredictability in new or niche crops. P02 mentioned a case where a farmer on Sweden’s dry

41



Habiba Allam, HIEE, Lund University

east coast experimented with Sudan grass, initially yielding good results, but ultimately proving
unreliable during severe drought. Moreover, some stakeholders directly questioned sorghum’s
competitiveness on a yield basis:

[“But we are only harvesting some 700 to 2000 kilos a hectare, and even in good places for
growing sorghum, the yield is relatively low... So, compared to maize, if you have sufficient
water then sorghum ahways yields less than maige and therefore maize will be selected over
sorghum in these regions. .. If you only had dronght every four years, then there's three other
years you will have good conditions, and then I cannot see that you will grow sorghum in the
three other years because the year would be 20% or something like that compared to maize.”|
(P08, Carlsberg Research Laboratory, 25 March, 2025)

In such framing, the more productive crop is chosen in normal years, weakening the case for
sorghum unless drought becomes a persistent annual threat. Because sorghum must compete
within a diverse crop portfolio that includes barley, wheat, oats, maize, sugar beets, and silage
crops, P08 notes that unless it is supported by strong policy incentives or market development,
sorghum’s lower yield profile remains a substantial barrier. Experiments with soybeans revealed
a similar thought pattern. P12, an agricultural expert from Lantmannen Lantbruk, reflected on
repeated soybean trials over decades: “You can grow them, but you can't grow them on a commercial

basis. .. They yield too little”.

The discussion around yield potential reinforces its role as a decisive — yet context-dependent —
factor in the adoption of new crops like sorghum. The literature on sorghum emphasizes its
value in low-input and stress-prone systems, but also acknowledges its comparative yield
disadvantage to crops like maize under optimal conditions (Ciampitti et al., 2020; Morales et al.,
2024). Swedish insights confirm this trade-off between yield and resilience, but also adds nuance
that the bar for “acceptable yield” is not fixed. Instead, it seems to be shaped by land quality,
farmer expectations, and local performance histories. This aligns with the general adoption
literature that highlights how yield is often judged in relation to a farm’s baseline and available
alternatives (Isgren et al., 2020; Olsson, 2017).

What stands out from the Swedish context is that farmers may tolerate lower yields in marginal
areas, but only under certain conditions, such as when crop’s resilience is high and its
marketability exists. This echoes broader findings that new crops’ adoption becomes more likely
when they compensate lower productivity with co-benefits like low input needs, stress
resistance, marketability, or access to niche markets (Blade & Slinkard, 2002; Snapp, 2020).
However, where these compensations are lacking or their perception seems far from being true,
as is currently the case with sorghum in Sweden, the yield gap becomes a critical constraint.
Importantly, the Swedish case illustrates how yield is evaluated not only in agronomic terms,
but on a comparison basis, like how often the crop can deliver compared to more familiar and
productive alternatives. This supports adoption literature that frames “relative advantage” as
central to uptake decisions (Lassoued & Smyth, 2023; Rogers, 1983). In regions where drought
is still seen as occasional rather than systemic, this perceived advantage is weakened.
Furthermore, while the global literature emphasizes sorghum's yield stability under climate
stress, it rarely examines how that performance plays out over several years in cooler, temperate
climates like Sweden, where drought is not guaranteed every year. So even if sorghum performs
well in a bad year, it may underperform in normal or rainy years, making it less attractive on
average over time.
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4.1.6 Resistance to Diseases

Although few interviewees — 2 farmers (FO6, F09) and 2 stakeholders (P04, PO7) — directly
discussed crops’ disease resistance in their adoption decisions, their reflections touched on
sorghum’s potential advantages and uncertainties in this area.

The Lack of local knowledge and research was a concern raised by FO6 and P04; FOG6 raised the
need for certified seeds and testing for seed-borne diseases, noting that it’s unclear whether such
data exists for sorghum. Similarly, PO4 expressed that sorghum is only good if it does not
introduce or multiply existing soilborne diseases, like those affecting wheat, yet they admitted
to knowing little about sorghum in that regard.

A more nuanced view was offered by P07, who stressed that introducing new crops into
a rotation requires careful understanding of pathogen interactions. They explained that
introducing sorghum could unintentionally increase disease pressure if varieties are not

adapted to local pathotypes.

The Swedish context here highlights the practical gap between sorghum’s theoretical advantages
when it comes to disease resistance and the on-farm realities. The concerns of farmers and
stakeholders about seed-borne diseases, soilborne pathogen carryover, and cross-infection with
maize highlight the absence of multi-year, temperate-climate trials that validate sorghum’s
resistance under the local conditions. This mirrors broader adoption literature emphasizing that
disease resistance can motivate farmers to adopt a new crop (Lassoued & Smyth, 2023), but
adds some nuance to it; pathogen profiling and local validation are important to introducing any
new crop safely. Without these localized data, even crops with strong innate resistance may be
perceived as risky innovations rather than reliable additions to crop rotations.

4.1.7 Physical Characteristics

Also only directly mentioned by few interviewees — 1 farmer (F03) and 2 stakeholders (P03,
P05) — the physical characteristics of crops emerged as a factor influencing adoption decisions.
F03 noted that despite the favorable characteristic of lucerne (alfalfa) crop due to its rapid
growth under dry conditions, it presents harvesting challenges due to its faster maturation
compared to other crops in the field, a feature that could be also relevant when it comes to
sorghum.

According to P03, farmers previously trying sorghum also emphasized sorghum’s fast vegetative
growth, which helps suppress weeds once the crop is established. Although some weeds may
compete during the eatly growth stages, the crop's rapid canopy closure mitigates this issue. The
crop's tall stem adds to its biomass appeal and creates opportunities for direct grazing. This,
according to P03, can reduce the need for harvest, storage, and plastic silage wrapping. On the
contrary, sorghum's row spacing and plant size were noted to potentially leave more space for
weeds between rows (P05) as noted in section 4.1.3.

The discussion around physical characteristics reinforces their role as context-dependent factors
in crop adoption. The literature highlights traits like plant height, and weed competitiveness as
important for fitting new crops into existing systems (Blade & Slinkard, 2002; Olsson, 2017).
These traits can simplify harvest and reduce input needs, making crops more attractive to
farmers. The Swedish context confirms this but adds important nuance. F03’s experience with
lucerne shows how mismatched growth timing can complicate harvests. Moreover, P03 and
P05’s observations on sorghum highlight that benefits like canopy closure and biomass yield
depend on field layout and management. This supports the literature’s view that physical traits
matter, but only when they align with local equipment, rotations, and timing (Rogers, 1983).
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4.2 Market Dynamics

4.2.1 Market Demand

Across almost all interviews with farmers (FO1-F05, FO7- F10), and among 6 of the stakeholders
(P02, P04, P09, P10, P11, P12), market demand emerged as a decisive factor in farmers’
willingness to adopt new crops. As FO1 plainly stated, “7f ##'s sellable, if somebody wants it, if I conld
do something with it... I would like to try new crops.” This sentiment recurred throughout the dataset,
reflecting a pragmatic orientation towards crops that offer economic return. Farmers repeatedly
described previous initiatives where growing guidance was provided without a viable outlet for
the harvest, resulting in disappointments once funding ended. They highlighted the gap between
research initiatives and market readiness, emphasizing that “zhere has to be a market that kind of
nmiotivates farmers to grow it even when the project runs out. Becanse if you can't sell it or use it in a good way for
animal feed or something, it always kind of just goes out into nothing after a while” (FO1).

F06 illustrated this further with the example of lupins that they dropped despite its agronomic
potential because “we cannot sell them... the market is not really mature for them.” Furthermore, FO6 is
a farmer that tries a lot of new crops on their farm, and they shared that their experience taught
them that “completely new crops that the consumers don't know about are difficult because then we have to pull
the whole wagon of informing people abont why they should buy it.”” Additionally, they noted that although
they would prefer to grow more nitrogen-fixing pulses and alternative oil crops, current demand
still prioritizes conventional grains. Furthermore, they drew on international experiences with
sorghum, and mentioned that they work with projects trying to substitute maize for sorghum,
“but people want maize” and so they were faced with persistent consumer preferences that are hard
to shift. This was also echoed by P04 who is a production advisor working directly with farmers
and providing extension services, and P10 who is a researcher at SLU specializing in
intercropping and heritage cereals:

[“IF's really simple. Farmers don't grow stuff for fun. 1t's their job... And it's not like they eat
it themselves |[...] It costs a lot of money to prepare a large field and [it] takes time. And so,
yeah, it's really about if somebody's going to be willing to create a product ont of it.”] (P10,
SLU, 24 March, 2025)

The uncertainty around who would purchase sorghum and at what price was a consistent
concern. As F04 remarked, “we need to know who is going to buy this, what time of the year... what price,”
warning also of the risk tied to depending on a single, possibly unstable buyer: “/...] i #t's a small
company, a new company, you don't really know in in the end if the company is bankrupt.”. Other farmers
echoed this apprehension, noting the difficulty of building trust in new or niche supply chains.
F09 articulated the risk of such volatility: “waybe next year they (partnering company) have a full inventory
and don’t need that.” Even in optimistic scenarios, interviewees emphasized that demand must be
backed by reliable, long-term partners.

For some farmers (F02, FO7), unfamiliarity with sorghum itself intensified the challenge: “I don't
know anyone who buys sorghum to this day” (FO7). Yet they remained open to experimentation if a
clear market emerged. FO8 underlined the importance of visible consumer interest: ““... You have
to see a customer that this will solve a problem for, or create a new thing for them to eat [...] So, you know that
you can make something ont of it.”

P02 reinforced this point, arguing that successful adoption depends on guaranteed
buyers and prearranged contracts. This was not only about economic logic but also
about managing the gamble inherent in commodity farming, especially when it comes
to crops not yet explored within the existing farming system.
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Overall, these reflections underscore a key message: for sorghum — or any new crop for that
matter — to be taken seriously, the development of a stable, and trustworthy market is not just
beneficial, but it is essential.

These perspectives on market demand reinforce its position as a fundamental prerequisite for
the adoption of new crops like sorghum. The literature review similarly emphasizes that without
an assured market, farmers are unlikely to experiment, regardless of agronomic potential or
ecological benefits (e.g., Nuijten et al., 2018; Olsson, 2017). The Swedish context also points out
to the degree to which market uncertainty shapes adoption hesitation. While the literature notes
that marketability and consumer awareness are often needed to build demand (Nuijten et al,,
2018; Seppa et al., 2012), Swedish farmers add that even when those are present, the lack of
trust in small or unstable buyers can still undermine adoption. This deepens the literature’s
insights by emphasizing the need for reliable contracts and long-term value chain partnerships
to distribute risk and signal legitimacy. The Swedish findings additionally show that farmers’
willingness to grow novel crops like sorghum is not just dependent on theoretical demand, but
on clear, visible pathways to monetization, such as pre-arranged purchase agreements and
product development plans.

4.2.2 Structural and Infrastructural Constraints

Another crucial area affecting the adoption of new crops in Sweden is the availability and
adaptability of infrastructure for processing and storage, and how these systems align with
farmers’ existing equipment and resources. While some technical aspects such as sowing and
harvesting have been considered manageable by several farmers, the broader logistical and
infrastructural landscape remains a significant barrier. Structural and Infrastructural constraints
were discussed as influencing factors and reflected on by 8 out of 10 farmers (FO1, F03-F07,
F09-F10) and 10 out of 14 stakeholders (P02-P06, P10-P14).

Even when farmers are interested in experimenting with sorghum, structural gaps in technical
knowledge and logistical support pose significant hurdles. P14 emphasized that sorghum is still
unfamiliar in Sweden, and that both advisory services and infrastructure tailored to its needs are
lacking when asked about the barriers. This gap means that farmers may struggle to make
informed decisions or access guidance on best practices. Storage and transport logistics are
especially important for grains, and “#he infrastructure around growing sorghum has to develop” (P14).

From a more optimistic lens, several factors were identified as potentially enabling sorghum
adoption from an agronomic and economic perspective. P13 mentioned that Swedish farmers
already have grain drying equipment — potentially making sorghum easier to handle than in
countries like the Netherlands. Moreover, P11 underlined that sorghum shares similarities with
maize in terms of “common materials - you can use every material you used to produce corn; you use it for
sorghum... So, it’s really good for them,” making sorghum relatively easy to adopt within existing
systems. This technical compatibility lowers entry costs, especially for farmers already growing
silage or grain maize, and was highlighted as a compelling incentive.

The farming technology’s availability and access was also discussed by several farmers who have
experience drying or storing alternative crops. FO3 described experimenting with lupin and
found drying feasible due to on-farm adaptations. However, this is not the case for everyone.
Some farms lack proper storage conditions, especially for cereals or grain-like crops. As F03
added, “We don’t have a good storage on the farm for cereals. .. I think silage is the thing we would use sorghum:
for.” In contrast, others perceive machinery as a less significant concern. F04 argued: “Of course
we need the machines for cropping, but 1 think machines is a small problem. .. most farmers are very keen fo buy
new machines.”. Similarly, FO5 downplayed equipment bartiers: “T rent that kind of service. .. they can
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use any kind of sizes of seeds, so that’s no problem as far as I can tell.” This contrast reveals a divergence
based on farm scale and financial flexibility. Farmers who rely on rental services or who are part
of shared machinery networks may feel more equipped to experiment with new crops, while
those needing specialized equipment for processing (like drying or dehulling) experience higher
thresholds to adoption.

Some responses also highlighted the chicken-and-egg problem with infrastructure investments
and demand: without demand, it's risky to build processing capacity, but without that capacity,
the crop can't find a consistent market.

[“If [erops like buckwheat or sunflowers] are to be used as human feed, we need to debull them
and process them... it’s hard. You have to import machinery... it’s a lot of money and yon
don’t want to start that if you don’t have a market. The challenge with adapting new crops is
that the structure to build the market and the industry around it is harder than mafking farmers
grow it.”’] (FO1, 18 March, 2025)

Even those with positive attitudes toward experimenting, like FO6, recognize that their capacity
is unique due to proximity to markets: “We sel/ directly to customers |...] But we also understand that
we are in a very lucky position between Uppsala and Stockholm. Not everybody can do it like we do.” This
reinforces a critical insight: infrastructure is not only a technical barrier but also a geographic
and market-access issue. Farmers near urban centers are more willing to risk experimenting with
alternative crops because they have access to a more diverse and flexible consumer base. Those
in more remote regions face more pressure to find consistent buyers and long-term contracts,
without which their infrastructure investments remain unjustified.

The lower input needs and simpler chemical treatment requirements also make sorghum
attractive from a cost-saving perspective. “So, #f you have a more sober crop, less consuming, then you
have less cost of installation” (P11). However, this economic appeal may still be overshadowed by
risks and uncertainties arising from the limited availability of crop protection products and
regulatory obstacles, particularly in organic systems where alternatives are scarce. This signals
the more complex and structural challenge raised by stakeholders involving the regulatory
environment surrounding plant protection products in the EU. The limited availability of
approved herbicides and pesticides for sorghum creates a major barrier for widespread adoption:

[““T'he weed control is rather difficult becanse of the lack of... technical and chemical project at
our disposal... We had one [chemical] and it’s now probibited... And we don’t have much
left. ... Sorghum is small [as a crop] ... the cost of entrance into the market is too high to be
profitable for a company... So, maize with large areas has more availability [of products].”)
(P11, Sorghum ID, 28 March, 2025)

In this context, the cost of registering new products or extending existing ones to include
sorghum is not justified for chemical companies, who must invest millions to pass EU approval
processes. This puts sorghum at a disadvantage relative to dominant crops like maize, even when
the agronomic potential is strong. Sorghum ID estimated that bringing a new pest control
product to the market for sorghum in Europe could cost between two to five million euros,
which is an unlikely investment given that sorghum is cultivated on only around 500,000
hectares across all of Europe. Moreover, P11 expressed concern that pest pressures on sorghum
in southern Europe are currently low primarily due to limited cultivation. As cultivation expands,
pest dynamics could quickly shift. This means that early adopters may benefit from low pest
pressure and lower input needs, but if adoption scales up without adequate pest management
tools, the system could quickly become unsustainable.
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Another important structural consideration is the need to import sorghum seed, as seed
production is not currently feasible in Sweden according to P12. While this was not seen as a
major barrier by all stakeholders, it adds another layer of dependency and risk, particularly in
light of recent global supply chain disruptions. For organic farmers, seed availability can be even
more challenging due to certification requirements. FO6 additionally expressed frustration with
the lack of access to seeds in Sweden, not just for sorghum but other “unusual” crops, as “yox
have to take from other farmers - and to avoid diseases to spread [...] there is a point in having certified seeds. . .
I think that surely goes for sorghum as well.” Notably, seed unavailability creates a bottleneck in early
experimentation. Without reliable and legal seed supply, farmers cannot build up the know-how
or confidence to later invest in drying or processing equipment. It also prevents the emergence
of variety selection adapted to local conditions.

Finally, one of the key structural barriers from a wider viewpoint mentioned by stakeholders is
that “In Sweden the food trade is very centralized to a few companies... In other countries you wonld have a
different situation where you wonld have more smaller companies, more alternative value chains perbaps” (P10).
This market consolidation discourages experimentation with underutilized crops by reducing
the incentives for processors and retailers to invest in unfamiliar products. It also presents a
challenge for farmers looking to diversify their production without clear downstream market
demand.

The responses related to the structural and infrastructural constraints reinforce their role as
critical barriers to the adoption of new crops like sorghum. The literature highlights that limited
processing infrastructure, storage facilities, and compatibility with existing supply chains often
prevent promising crops from scaling up (Ben Fradj et al., 2020; Blade & Slinkard, 2002; Olsson,
2017). The Swedish insights confirm these obstacles, particularly in relation to grain handling,
drying, seed access, and regulatory bottlenecks. What stands out from the Swedish context is
the degree to which farmers emphasize the mismatch between small-scale experimentation and
dominant supply chain expectations. Consistent with the literature, infrastructure in Sweden is
designed for high-volume, low-cost production, which leaves little room for novel or low-
volume crops that require different processing or storage needs (Meynard et al., 2018; Rosenberg
et al., 2022). The results also align with broader literature findings that crops requiring
specialized or unfamiliar post-harvest treatment are particularly hard to integrate into existing
systems (Blade & Slinkard, 2002; Pedersen et al., 2024). Furthermore, the Swedish interviews
confirm that location matters and the proximity to urban markets or advisory services influences
the ease of experimentation. This echoes the literature’s point that spatially uneven
infrastructure access hinders wide-scale adoption (e.g., Jolliff & Snapp, 1988).

Importantly, the Swedish data add to the literature by showing how market centralization — with
a few dominant buyers and processors — further limits the space for innovation. This affirms
the view that infrastructural barriers are not only technical but deeply embedded in broader
institutional and market structures (Glenna et al., 2011; Peltonen-Sainio & Jauhiainen, 2020).
Without targeted coordination between producers, processors, and policymakers, even
technically viable crops like sorghum risk remaining marginal.

4.2.3 Price Ratios and Profitability

Profitability, which may be perceived not only as financial returns but also as cost-effectiveness,
market potential, and economic resilience — emerged as another influential factor to adopting
sorghum across 6 farmer interviews (FO1, FO3, FO4, F07, FO8, F10) and 6 stakeholder interviews
(P03, P04, P06, P10, P11, P12).
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As pointed to in Section 4.1.1, some farmers emphasized that sorghum doesn’t need to be highly
profitable to be viable if it offers stable returns, especially in marginal soils or under climate
stress. A view that shows that for some farmers, climate resilience can make up for lower returns
as a form of risk mitigation.

Nonetheless, many stressed that net economic benefit is non-negotiable, especially when
considering a new crop, as emphasized by F04 that “#he crop needs to have a possibility to have at least
a positive outcome” and echoed by FO7 “The economy is a big thing. You need the calenlation and it should
be well paid.” This suggests that a minimum profitability threshold must be met, even if the crop
serves additional functions (like forage or soil improvement).

Farmers and stakeholders both pointed out that price competitiveness is crucial. P03 explained
that when it comes to sorghum, “you’/l have other crops that you can grow [that get] more paid for.”” FO8
added that the competitiveness of the price is not just a prerequisite for production, but also for
market access. They illustrated that “7f iz (new crop) would be like, 200 krona per kilo... well, no one
won't buy it more than once.” Similatly, P10 pointed not just to price competitiveness on a local
scale, but also on an import scale:

[“you even have a lot of crops that you can grow in Sweden, but we don't grow it becanse. .. if
the companies trading in food can buy it cheaper from another country, they will buy it cheaper
Sfrom another conntry. 1t's a globalized market |...] 1t's not just about what we can grow and
not grow and not even just about what we can sell |...] can we grow it to the degree that we
can sell it cheap enough for the buyers to buy i#’] (P10, SLU, 24 March, 2025)

Moreover, stakeholders highlighted issues with price transparency and sales channels, which
could hinder adoption. As shared by P11 (Sorghum ID) “There is no EU pricing or local pricing
communicated... Otherwise it’s through brokers... based on maize cost”” This lack of clear pricing adds
market uncertainty which act as a barrier for growers from investing in sorghum.

Some saw sorghum’s indirect contributions, including its ability to improve soil health for the
following season’s crop or its function as feed, as enhancing the overall farm profitability. This
reflects a systems-thinking perspective, where profitability is not just tied to the individual crop
but to long-term rotation value and whole-farm resilience. Notably, such perspective was not
common with farmers and was more supported by stakeholders.

The findings agree with the literature that notes that new crops must either match or exceed the
economic performance of existing alternatives, or offer other forms of value (Blade & Slinkard,
2002; Olsson, 2017). They show that while some Swedish farmers tolerate lower returns in
exchange for climate resilience, most still require a minimum profitability threshold to justify
adoption. Furthermore, the absence of clear pricing mechanisms or sales channels — combined
with competition from imported alternatives — mirrors the literature’s point that profitability is
deeply connected to broader market dynamics, not just farm-level performance (Nuijten et al.,
2018). Additionally, the idea of profitability through system benefits, like improved soil health
or reduced feed costs, reflects a more holistic view of farm economics — A view that appears
more common among stakeholders than farmers themselves. This suggests that while long-term
economic resilience may support adoption in theory, in practice, clear short-term gains remain
essential to trigger farmer uptake.

4.2.4 Competition with existing crops
Competition with existing crops, including and going beyond price competitions, was pointed
at by only one farmer (F06) and 6 stakeholders (P01, P03-P05, P11, P12).
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F06 and P11, pointed out that the current market dynamics are skewed toward established crops
like grains, legumes, and heritage cereals. FO6 observed that while they have (personal) interest
in diversifying into nitrogen-fixing pulses and alternative oil crops, the market continues to favor
conventional grains due to the rooted consumer demand and economic systems. P11 added that
the abundance and competitive pricing of cereals makes it harder for sorghum to compete
economically.

Moreover, it might be that farmers growing heritage grains see little need to adopt new crops
like sorghum when existing ones perform well. FO6 mentioned that their heritage wheat did well
in the 2018 drought, reducing the incentive to switch to sorghum.

Quality-wise, in comparison to Maize, sorghum was considered inferior in terms of forage
quality by PO3 “%he quality is better in corn.” In contrast, PO5 notes that sorghum adoption may be
smoother for livestock farmers, as it offers forage potential. But for crop farmers unfamiliar
with maize or corn, switching to sorghum is a bigger leap because “If you only have been growing
wheat... then it’s a very different crop” (PO5).

Sorghum’s practical value also seems limited by seasonal variations and other crop
performances. As P03 explains, sorghum was only seen as useful during dry periods, while
legumes and grass recovered quickly with rain, making them more practical.

Stakeholders like PO1 note a shift in interest from larger-scale testing to small-scale trials due to
concerns over food security and stability, making growers more likely to favor well-established
staple crops:

[“If you'd asked me this question five years ago, then I would [have] said, oh, sorghum is
coming in and there's these farmers testing it and so on... But now of conrse there will be farmers
testing, but it's in a smaller scale and the big companies will not be so interested becanse
everything is about food security at the moment. Bad timing”’] (P01, Jordbruksverket, 6
March, 2025)

These responses show that new crops like sorghum face major challenges breaking into systems
dominated by familiar grains and legumes. As noted in the literature, established crops benefit
from strong markets and infrastructure, making alternatives harder to adopt (Blade & Slinkard,
2002; Peltonen-Sainio & Jauhiainen, 2020). Swedish insights confirm this. The findings also
highlight that even when sorghum performs well in dry years, its inconsistent value across
seasons reduces its appeal. The current focus on food security further strengthens the position
of staple crops, leaving little room for experimentation. This supports the idea that adoption
depends not just on crop traits, but also on how well a crop fits into existing systems and
priorities (e.g., Snapp, 2020).

4.2.5 Consumer Preferences

A significant barrier to sorghum adoption in Sweden lies in its limited consumer recognition
and demand. As noted in Section 4.2.4, farmers and stakeholders noted that consumers tend to
prefer familiar crops like wheat, rye, or maize, even when alternatives like sorghum may offer
better environmental or health outcomes. FO6 and F10 touched on this as well as P02, P06, P10
and P12, coming to a total of 6 out of 24 interviews that identify consumer preferences as a
barrier.

F06 observed that even in projects aimed at replacing maize with sorghum due to its drought
resistance, maize remained preferred despite being riskier, highlighting how deep-rooted food
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habits shape cultivation decisions. Heritage grains and familiar cereals are more trusted by
Swedish consumers simply because "they know it." Furthermore, F10 stated plainly that they
“only grow crops people want to buy and eat)’ indicating that consumer preferences is a fundamental
driver of their production choices.

Stakeholders emphasized that sorghum currently appeals to a small niche audience (P02, P06).
The unfamiliarity of sorghum among most Swedes presents a challenge. Moreover, P02 noted
that migrants, who are more familiar with sorghum, may still prefer imported versions from
their countries of origin:

[“you need to find this consumer that wants to buy more because it's Swedish and organic and
local and stuff. And then they are not that many |[...] It's mostly people that have moved here
lately from other regions and other parts of the world with other food cultures. And they are
not always the most keen on why it should be so important that it's Swedish and local produced
because why not from their own countries, it might be better. They might want it to be from
their own country, for example.”’] (P02, Ekologiska Lantbrukarna, 20 March, 2025)

To broaden sorghum’s appeal, P02 and P12 suggested that it must be “proven” through real
examples — testing, recipes, chef endorsements, and clear marketing of its benefits (e.g., gluten-
free, nutritious, local). Branding sorghum as a resilient, organic, and gluten-free grain may be a
start to growing its market and appeal.

Still, as PO6 pointed out, altering consumer perceptions is a “/ong process.”” There’s a growing
trend in Sweden towards organic and healthy foods, which could be of value, but actual behavior
change takes sustained effort and visibility. P10's blunt rhetorical question: “Do we even eat sorghum
in Sweden?” summarizes the current disconnection between this crop and the mainstream
Swedish diets.

From the literature review, consumer unfamiliarity is a well-established barrier to new crop
adoption. As noted in studies on emerging crops (Ben Fradj et al., 2020; Ginot et al., 2024),
market uptake often depends on creating demand through processing, marketing, and cultural
adaptation. The Swedish case illustrates this clearly: even if sorghum has agronomic or
environmental benefits, these are insufficient if consumers remain unfamiliar or uninterested.
Just as Olsson (2017) and Blade & Slinkard (2002) describe, novel crops often fall into a cycle
where low demand discourages production, and limited availability weakens consumer exposure,
preventing both supply and demand from maturing. The Swedish case emphasizes that
consumer preferences aren’t just a background issue, but rather a decisive factor shaping what
gets grown. Farmers, especially those focused on direct sales, are deeply influenced by whether
they can market a crop successfully.

4.3 Socio-Economic Factors

4.3.1 Farmers Motivations

Farmers' motivations to experiment with or adopt new crops like sorghum stemmed from a
blend of curiosity, long-term strategic thinking, and values-driven approaches to agriculture. 9
out of the 10 interviewed organic farmers expressed a natural openness to trying new things,
often describing it as "fun," "“interesting," or part of their farming mindset (FO1-F09). For example,
FO1 stated, “I /ike to adopt new crops and I like to kind of open new doors, so for me, it’s not a big thing.”
Similarly, FO5 shared, “I'm curious. I like to try new things,” while FO3 emphasized, “I#’s important to
try new things because otherwise you get stuck.”
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This spirit of experimentation was also observed by stakeholders, who noted that some farmers,
especially organic ones, can be very innovative (P02, P05, P07, P09, P14).

Beyond curiosity, farmers’ willingness to experiment is found to be linked to both ecological
and strategic reasoning. Farmers, like FO2 and FO8, framed their willingness to try new crops as
part of maintaining biodiversity and system resilience: “I#’s one more crop to have in the system to matke
the wvariety on the fields” (F02). FO8 expanded this into a long-term adaptation strategy,
acknowledging climate-related uncertainty and the perceived necessity for preparing for the
unknown future, and linking the motivation to diversify to climate change. Similarly, FO4 noted
that even conventional crop practices had evolved significantly over the past decade due to
climate shifts: “We have to crop a little bit different, seed at different times and use different fertilizers” Others,
such as FO6 and FO08, conveyed a strong ideological commitment to climate action. F06
described their approach as “ideologically driven,” stating “We said we wonld make a change and try
to make our little contribution to improve the climate”” For FO8, growing older crop varieties and
experimenting with new ones was a way to be “prepared for the worst-case scenario,” indicating both
environmental awareness and proactive planning.

Interestingly, PO9 remarked that farmers gain pride and meaning when they know their crops
contribute to local food systems, placing more value on crops that can be grown for food.

At the same time, both farmers and stakeholders acknowledged the limitations and risks of such
experimentation. As F09 explained, integrating a new crop into a pre-set 7-year rotation plan
would be difficult on a larger scale: “On a small scale, very likely. On a larger scale, it takes a little bit
more.” Stakeholders shared similar concerns, P14, for example, shared that farmers still have a
lot of considerations before they try new crops:

[“IF's like, (if) I have been having potatoes for a very long time, then I'm very secure about
what I should do to have the best harvest. But taking a new crop into consideration. .. I don't
know how it works. I don't know the profits. 1 don't know if it works on my soil. How are
the machineries? How is the demand for this crop? So, it's so many different factors that
influence what kind of crop I choose”] (P14, LRF, 4 April, 2025)

Other stakeholder agreed, noting that while “Zesting on half a hectare’ might be manageable for
curious farmers, wider adoption would require reduced risk and market clarity (P02). As P09
said, “If they do not reach a market or an actor can help them with that, it will die eventually”. PO2 proposed
contracting models to share risks and incentivize trials.

Finally, a few farmers connected crop diversity to broader systemic and philosophical values.
F01, for instance, expressed concern over monocultures and emphasized the role of crop
diversity in building resilience. Similarly, FO6 framed their entire approach to farming as a model
for demonstrating that “you can do farming a bit differently,” reinforcing the idea that trying new
crops was both an agronomic and ethical choice.

The interviews showed that many Swedish organic farmers are naturally curious and enjoy trying
new things. This aligns with the literature that finds that farmers often enjoy the challenge of
testing new ideas and improving their systems (Ginot et al., 2024; Hockett & Richardson, 2018).
For some farmers, this curiosity is also part of a bigger strategy to adapt to climate change,
increase biodiversity, and build more resilient systems. This also matches the literature (Alam et
al., 2017; Fadina & Barjolle, 2018), which highlights that climate awareness encourages farmers
to adopt more resilient crops. Personal values also play a role. Some farmers, like FO6, were
motivated by their belief in sustainable farming. This is reflected in findings from Ortman et al.
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(2023), who showed that some farmers are guided by their principles, especially in organic
systems.

Still, both farmers and stakeholders pointed out challenges. Fitting a new crop like sorghum into
an existing rotation or scaling it up can be hard. Farmers worry about unknowns and as Kuehne
et al. (2017) explain, farmers are more likely to try new crops when they can do it on a small
scale with low risk. A notable nuance from the results lies in the emotional and social dimension
where some farmers seem more motivated when they know their crops would feed local
communities. This kind of pride-driven farming is not present in the literature, at least explicitly,
but it adds depth to understanding farmers’ motivations.

Finally, confidence and mindset matter. Some farmers believe they can always learn and
improve, which helps them try new things. This supports the adoption literature that when
farmers trust their own ability to adapt, they are more open to innovation (Brown et al., 2018;
Ginot et al., 2024).

4.3.2 Knowledge

The challenge of acquiring reliable and accessible knowledge regarding new crops is a central
concern for farmers adopting sorghum in Sweden that appeared in 5 farmer interviews (FO1,
F04, FO7, FO8, F09) and 9 stakeholder interviews (P01, P03, P04, P05, P06, P07, P11, P13, P14).

Several farmers highlighted that information, when present, is typically scattered across various
sources, including private companies, research institutions, and governmental projects, making
it difficult to obtain a coherent and comprehensive understanding. For instance, FO1 remarked
that although various initiatives are being undertaken by universities, research institutes, and
ptivate consulting companies, "#here's not really a single programme for looking at this |...) the knowledge
perhaps conld be built in small isolated islands here and there." This fragmentation hinders the
establishment of a unified, accessible resource that farmers can rely on for knowledge about
new crops. Furthermore, the complexity of new crops like sorghum is emphasized by P03 who
noted that the first attempts at growing unfamiliar crops often involve a learning curve due to
unpredictable outcomes such as "seeds that didn't grow as we expected,”" with some farmers even
needing to replant multiple times to achieve a successful harvest.

The difficulty in accessing quality knowledge is also tied to issues of trust and reliability in seed
and crop advice. As FO1 noted, it is often hard to determine if the seeds provided by companies
are the best fit for local conditions. The motivation of these seed companies further complicates
the farmer's ability to select optimal varieties as "##'s really hard to know if you get the best seeds and the
best knowledge" due to the profit-driven nature of seed sales.

The lack of field-based knowledge further adds to the confusion. A key issue raised by
stakeholders was the absence of consistent field trials and studies specific to Swedish conditions,
as noted by one farmer who expressed the need for "field trials so we can learn more" about how to
optimize sorghum cultivation in Sweden (reported by P03). Without a clear reference to
successful field trials under local conditions, not just on a lab-scale, farmers remain uncertain
about the viability and management of sorghum, contributing to skepticism and hesitation.

Moreover, farmers are also concerned with the technicalities of handling new crops post-
harvest, such as cleaning, processing, and storage. FO8 highlighted the importance of
understanding whether new crops, like sorghum, require specific processing treatments before
they can be consumed or sold. They highlighted that without such information, they risk
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growing a product that could be too costly or complex to bring to the markets as this knowledge
directly impacts the crop’s economic feasibility.

The role of advisors in bridging the knowledge gap is also crucial. As P14 emphasized, "#he
knowledge and the logistics have to be in place,” underlining that comprehensive support is essential
for the successful introduction of sorghum. Additionally, P13 highlighted the importance in
advisory not just to educate farmers on the technicalities of growing the crop, but also to set
their expectations.

The results show that fragmented, inaccessible knowledge is a major barrier to sorghum
adoption in Sweden, which also echoes the literature. Farmers and stakeholders described the
lack of coordinated and trusted information as a key issue, aligning with the literature that
adoption depends on technical and market knowledge (Di Bene et al., 2022; Ostwald et al.,
2013). The problem of disconnected information systems was also highlighted, aligning with the
literature that points out to the importance of coordinated efforts from research, advisory, and
market actors to close these gaps (Nuijten et al., 2018; Tanti et al., 2022). The lack of local field
trials further deepens uncertainty, echoing Snapp (2020)and Quiroga et al. (2025) who advocate
for participatory and location-specific research to build farmer confidence. Finally, both P13
and P14 emphasized the critical role of advisors, mirroring the literature’s emphasis on
trustworthy extension services (Carof et al., 2015; Rosenberg et al., 2022).

4.3.3 Risk Perception and Economic Security

Concerns around drought risk, yield stability, and income security were raised by 3 farmers
(F02-F04) and 3 stakeholders (P03, P12, P13). Their views reflect how sorghum may be
considered not primarily for profit maximization but for reducing vulnerability and ensuring
minimum yields during increasingly erratic weather.

F03 and P03 both described sorghum as a way to "spread the risk" in light of more frequent and
severe droughts. FO3 noted that the past decade has seen multiple dry summers, making it
necessary to adopt a diversified cropping strategy and “spread more eggs in different baskets.”
Similarly, PO3 recounted that even though the interest in sorghum declined in wetter years, the
crop was seen as a backup plan to avoid total loss during the 2018 drought. Drought resilience,
in particular, was seen as a key motivator. FO4 stated, “If we have a crop that we can grow that’s drought
resistant, it’s very good,” especially given the labor and resource costs of irrigation. Sorghum was
viewed as a reliable option requiring less water, even with limited market prospects. P12 clarified
this trade-off, noting that drought resilience benefits farmers by stabilizing income but does not
translate into higher prices: “You don’t get a better price for that. .. the consumer wouldn’t pay for that”.

Moreover, P13 highlighted the difference in yield variability under drought conditions between
maize and sorghum: “I the case of maize and drought, you can lose your total crop. .. in the case of sorghums,
you will also have losses, but never a total loss.”” FO3 reiterated this logic of stability over maximization:
“Probably the sorghum will yield better than the grass when it’s dry, but maybe less when it’s a good year... like
an mnsurance.” Such perspectives suggest that for some farmers, especially those with livestock,
the potential to consistently feed animals even in dry conditions can outweigh considerations of
high yield or price.

Lastly, while the potential for drought resilience is clear among the interviews, FO2 provided a
note of caution regarding switching from traditional, resilient varieties. For example, they
observed that older wheat varieties on their farm maintained more stable yields across dry and
wet years than newer ones. This may suggest that for some, the perceived stability of current
systems may reduce the urgency to adopt new crops like sorghum.
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The findings show that farmers and stakeholders can view sorghum as a risk management tool
rather than a profit-maximizing crop, especially in response to drought. This aligns with the
literature that highlights the appeal of resilient crops in minimizing risk under uncertain climate
conditions (Fadina & Barjolle, 2018; Isgren et al., 2020). For livestock farmers, consistent feed
supply, even at lower yields, was prioritized over high returns, supporting Marquardt et al. (2010)
who found yield may be secondary in systems with subsidies or labor-saving incentives.
However, economic limitations remain. P12 noted that drought resilience doesn’t translate to
higher prices, echoing Olsson (2017)and Kuehne et al. (2017) on the lack of market incentives
for new crops. This tension between agronomic benefits and market uncertainty can hinder
adoption (Blade & Slinkard, 2002). Finally, F02’s trust in older wheat varieties over new ones
underlines how stable existing systems can reduce the urgency for change, which is a point also
raised by Snapp (2020).

4.3.4 Cultural Norms & Farmers Networks

The adoption of new crops in Sweden is influenced by a range of cultural norms and the
networks that farmers have access to. These factors help shape how knowledge is exchanged
and how farmers engage with innovation, which is an opinion more explicitly emphasized on
by stakeholders (P03, P07, P09, P10) than farmers (FO1).

FO1 discusses the cultural reluctance to use plants fully as Swedish farmers “do not have a culture
of growing things for human consumption and animal feed at the same time... we take a few seeds out of our fields
and then we throw the rest away often.” This reflects the broader cultural norm of focusing narrowly
on certain crop parts, hindering the potential for more sustainable and resource-efficient
farming practices, and perhaps providing a window of opportunity for sorghum to come in.

Farmers’ networks play a significant role in the diffusion of innovative practices. PO3 highlighted
the importance of farmers’ networks in motivating others to experiment with new crops: “Bu?
if some farmers start, then you can take other farmers to visit him or ber... and just look at it and discuss
experiences... so if it just starts somewhere then it grows.” This highlights how informal networks of
knowledge exchange can create a ripple effect, where one farmer’s success story encourages
others to try new methods or crops. P03 also mentioned that this observation can happen
through social media channels and have a similar effect.

In the context of new crop adoption, the role of professional networks and advisors is also
emphasized. P09, specializing in new seeds for food, reflected on the importance of having a
support system for farmers who are willing to experiment. These networks foster collective
learning, particularly around soil health, crop rotation, and new techniques like regenerative
agriculture. However, the formation of such networks requires effort, especially since:

[“Farmers are not necessarily used to collaborate because essentially how it works today is that
you buy seeds and you grow your crop and then you sell on a spot price market to Lantmdnnen.
And if everybody's less successful, then you will get better paid from your crops. So, it's not a
natural system of collaborating on how to learn how to grow better and stuff like that.”’] (P09,
Nordisk Ravara, 28 March, 2025)

A key feature of such networks is the shared responsibility and long-term trust-based
relationships between farmers and agricultural actors as highlighted by P09.

The results echo the literature’s point about the neighboring effect, where farmers are influenced
by what their neighbors are doing. The literature review aligns with P03’s observation,
emphasizing that farmers often look to their peers when making decisions, and are more likely
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to adopt a new crop if they see others around them doing the same (Pedersen et al., 2024). This
also aligns with the observability attribute of Roger’s DOI theory (1983) where farmers are more
willing to adopt a new innovation if they observe its success at their neighbors. The social media
dimension is relatively unique to the results, pointing out how Swedish farmers are increasingly
using digital platforms to connect and share experiences, which is not explicitly mentioned in
the literature. The results also highlight the role of professional advisors and collaborative
learning in the adoption process. The literature review supportts this notion, stating that farmers’
networks are vital for knowledge exchange and that collaboration allows farmers to build
capacity together (Mariel et al., 2024). However, the idea that Swedish farmers are not used to
collaborating because of market competition is a unique finding from the interviews, which does
not directly appear in the literature, where the focus is more on general peer influence rather
than the competitive market structures that exist in Sweden.

4.3.5 Labor Requirements

The labor requirements for adopting sorghum as a new crop in Sweden was a key point of
discussion among 4 participants (F03, P02, P03, P13) including one farmer and 3 stakeholders.
While the low engagement of farmers in this factor is noticeable, a speculation would be that it
could be attributed to the lack of knowledge on sorghum’s farming technicalities for farmers,
which was already a critical point discussed in Section 4.3.2.

The labor intensity associated with sorghum cultivation was perceived differently depending on
the scale of the farm and the level of adoption. For small-scale farms, labor was not considered
a significant barrier. According to F03, “I think it's not a problem when it's in such small scale and 1
think it should work... work with the current things,” suggesting that labor requirements for new crops
may be more easily managed where flexibility and hands-on management are more feasible.

However, the situation becomes more complex when considering the requirements for
certification or adhering to specific standards, especially when it comes to producing gluten-free
sorghum grains for food. P02 discussed the additional labor and logistical challenges that come
with meeting certification standards for crops as gluten-free products: “Yowu need to clean the
machinery in between (if) you have wheat and the gluten-free products harvested... there’s a lot of extra work for
the farmers if it's to be like certified gluten-free product.” This type of certification, while potentially
offering higher market value, requires extra effort that could deter farmers from adopting new
crops like sorghum without adequate support.

From a broader perspective, the adaptation to growing sorghum may require farmers to
significantly adjust their farming practices. P13 noted that adopting sorghum would require
farmers to be more vigilant in monitoring and adjusting various factors in their planting
conditions: “you have to watch the temperature [...] you have to watch the soil moisture in order to get the best
results... Your start is essential... you should be there and you should be prepared to look after your product.”
This underscores the heightened attention and dedication required for sorghum compared to
more traditional crops like maize, which are already well-adapted to Swedish conditions. It also
reflects a potential barrier to adoption, where Swedish farmers may need to overcome a steep
learning curve at the beginning of the cultivation.

The results from this study reveal a mixed perception of labor requirements for sorghum
adoption in Sweden, with both overlaps and notable contrasts to the broader literature. While
the literature broadly emphasizes that labor intensity can be a key factor shaping adoption
(Isgren et al., 2020; Soto et al., 2018), the Swedish case appears more nuanced. FO3 downplayed
labor as a barrier, particularly for small-scale farming, which suggests a degree of flexibility or
capacity within smaller operations to absorb new practices. This echoes findings by Kumar et
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al. (2012) (as cited in Kemboi et al., 2020), where the availability of labor can encourage crop
diversification. However, this perspective was voiced by only one farmer, possibly because other
farmers lacked concrete experience with or knowledge of sorghum cultivation, a gap that the
literature also links to lower adoption rates (Di Bene et al., 2022).

A more Sweden-specific insight is the challenge linked to gluten-free certification, raised by PO2.
This adds an additional layer of complexity not heavily emphasized in the literature, where
discussions around labor often focus on direct cultivation practices or mechanical inputs. The
need to clean machinery and avoid cross-contamination between wheat and sorghum introduces
a logistical and labor-related barrier that is context-dependent and particularly relevant for
farmers aiming to target niche markets. While Olsson (2017) points out the difficulties posed
by crops requiring specialized equipment, in this case, the challenge is more about process
compliance than new tools.

P13’s metaphorical description of sorghum as a “baby” needing careful attention mirrors
literature highlighting the early-stage labor intensiveness of certain crops like jatropha (Soto et
al., 2018). However, P13 also connects this to the mindset of Swedish farmers, suggesting that
their preference for simpler or more established crops might slow adoption. Here, the Swedish
context, which is characterized by advanced mechanization and limited familiarity with
sorghum, might make labor-related learning costs excessively high, echoing the argument that
lack of labor management knowledge deters adoption (D1 Bene et al., 2022).

The results also indirectly touch on the labor dynamics of annual crops, with P03’s comment
that farmers prefer crops that don’t require annual sowing. This parallels Isgren et al.'s (2020)
observation that perennials may reduce planting labor. Sorghum, being an annual, lacks the
labor-saving appeal that perennials might offer. This contrast helps explain some hesitation,
especially in a country with high labor costs and limited manual labor availability.

4.4 Policy and Institutional Support

This section attempts to answer RQ2 through presenting the findings from the interviews and
the complementary document analysis. A disclaimer worth mentioning is that while the
conceptual framework identified five categories of adoption factors, only three were explicitly
mentioned by stakeholders, and even fewer by farmers. This suggests that the remaining two
categories — market interventions & extension services — were either not relevant in the Swedish
context or not visible to interviewees. For example, although extension services were noted as
important for adoption (section 4.3.2), they were not framed by any actor as a policy
responsibility. Instead, they were referred to more generally as peer learning, private advisory
support, or cooperative knowledge-sharing, indicating a non-policy-oriented perception of this
support mechanism. The section is structured such that it reflects first on farmers’ awareness of
policy-related factors (4.4.1) before going into the shared perspectives on how the policy
environment facilitates or hinders crop adoption.

4.41 Farmer Awareness and Perceived Policy Gaps

Farmer awareness of existing policy frameworks related to climate-resilient crops, or even
climate-resilient agriculture in general, varied widely across participants, but was generally low.
Several farmers expressed uncertainty or unfamiliarity with any relevant policies. For example,
when asked about policies promoting or challenging the adoption of climate-resilient or
environmentally friendly crops, 5 out of the 10 interviewed farmers had no answer; F03
admitted, “I’w not sure about that.”, voicing a lack of awareness echoed by FO7’s plain “No” and
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FO4’s uncertain “Shouldn’t say... no,” suggesting minimal exposure or clarity. Even among those
who are somewhat aware of regulatory frameworks, such as FO1, there was skepticism regarding
their relevance: “If I would say it’s the organic regulation that would impact it, I wonld be lying.”

Some farmers attributed this gap to the lack of visible government-level initiatives. FO8
observed, ‘T think those initiatives come more from the grassroots [...] But in Sweden, since the last election,
we don't have anything at government level at all.” They added that the current agricultural discourse is
dominated by concerns over food security rather than forward-looking adaptation strategies.

Further illustrating the limited awareness around policy frameworks, some farmers pointed to
challenges navigating existing support schemes, especially when it came to the registration and
eligibility of non-mainstream crops. F09 noted some support for infrastructure investments “If
you want to improve the drainage from a field for example, or you want to buy some machine, then_you can do
28, but clarified, “T haven’t seen anything abont trying a new crop.” F10 added that payments are tied
to whether a crop is listed and registered with the EU, since “Ifit’s not registered. .. you can’t get the
payment from EU.” Even when such crops become registered (e.g., quinoa), farmers may remain
unaware of how that process functions.

This widespread uncertainty highlights a communication gap between policy actors and farmers.
Without accessible, farmer-friendly information on available support, the likelihood of farmers
adopting novel crops like sorghum decreases significantly.

4.4.2 Policy and Public Support Structures

This section presents stakeholders’ and farmers’ perspectives on the policy environment
influencing the adoption of new crops, like sorghum, in Sweden. It particularly focuses on the
role of agricultural subsidies under the Common Agricultural Policy (CAP), seed regulations,
and the public investment in research as per the conceptual framework. The results are then
cross-checked against the literature review and the document analysis.

4.4.2.1 Subsidies

4.4.2.1.1 Interview Results

CAP subsidies emerged as an important consideration influencing crop adoption decisions
among 12 participants (FO1, FO5, FO6, P01, P02, P04, P05, P09, P11, P12, P13, P14). They
discussed subsidies in some form, showing a range of perspectives between practical concerns
about access and eligibility, and broader ideological critiques of the subsidy system itself.

Four participants (FO5, FO6, P05, P12) emphasized that the current subsidy system tends to
favor established crops, which poses a barrier to adopting alternatives like sorghum. F06
observed that “zhere is very little that encourages climate resilience” within current EU subsidies,
especially for organic farmers. They expressed their frustration that despite policy talk around
sustainability, the subsidy system does not practically reward climate-resilient practices or crops.
This plays out in different ways, either by not being eligible for subsidies or being difficult to
register for them. PO1 emphasized that “A¢ #he moment, you can’t choose sorghum as a main crop and
get your normal EU subsidy. .. But every year there’s a revision. So, it is possible, but it requires lobbying by
farmers, advisors, and companies two years ahead” (PO1). Although it is technically possible to receive
a subsidy for sorghum through manual entry, the lack of formal crop coding and targeted
support creates a practical disadvantage compared to established crops. Yet, the inclusion of
crops like quinoa and asparagus in previous revisions, as PO1 explains, suggests that sorghum
could follow a similar path, provided there is enough market interest and institutional advocacy.
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Several participants also pointed to the administrative burden associated with the subsidy
system. P11 remarked that “zhere is always a huge paperwork to be done by farmers,” while P05
emphasized the complexity of the application system, which requires each crop to be coded
within a centralized EU database. Crops without a dedicated code can still be entered, but only
under generic classifications, which complicates access to targeted support. For instance, F10
recounted their experience introducing quinoa: “We had to apply to get a number for it to be in the EU
database. So, we didn’t get subsidies for it the first year.” This example illustrates how administrative
delays and rigid eligibility criteria, such as lacking an EU crop code, can disincentivize
experimentation with alternative crops. It also showcases the difficulty of getting information
across to farmers and even within the system as contrasting views on whether farmers can
receive subsidies for un-coded crops were received from the Swedish board of Agriculture,
suggesting a fragmentation of information on different levels.

Despite these shared concerns, views on the role and desirability of subsidies were not
undivided. While some welcomed subsidies as necessary incentives, others expressed skepticism
about their long-term value. FO1 was relatively optimistic, suggesting that “subsidies. .. are kind of
adapted to not so much what crop you grow,” and did not view the current system as a major obstacle,
though they acknowledged this might change if new crops were treated unequally. Moreover,
stakeholders like PO5 acknowledged the role of subsidies, especially for organic farmers: “The
subsidies for organic agriculture are quite high |...] But it's also more labor [...] And then of course, if you
cannot get it [subsidies] for sorghum... then I think that a lot of farmers will not be interested in growing
sorghum.” On the other hand, P13 critiqued the dependency that subsidies can foster: “Swubsidy...
You make people dependent. .. we don't want to be ruled by our government. We want to be independent.” This
ideological stance was echoed, although more moderately, by P14, who explained that although
subsidies might help raise awareness initially, they preferred “#he market to tell us what to grow,”
rather than relying on policy incentives.

Notably, five participants (FO5, FO6, P02, P05, P14) described how environmentally targeted
subsidies were more accessible than crop-specific ones. F05, for instance, received financial
support for growing pollinator-friendly flowers, which covered seed costs and reduced financial
risk. However, these schemes do not yet extend to crops like sorghum, limiting their impact on
broader diversification efforts.

4.4.2.1.2 Interpretation Against Policy Landscape

The findings from the interviews on CAP subsidies and their impact on crop adoption,
especially for alternative crops such as sorghum, highlights several key perceived barriers: The
current subsidy system’s favoritism towards established crops, administrative burdens and
complexity in the application process, and misalignment between the environmental benefits of
sorghum and existing compensation schemes.

Interviewees frequently emphasized the perceived favoritism of the subsidy system toward
traditional crops. Although CAP support is officially crop-neutral, some farmers and
stakeholders expressed that the administrative systems implicitly prioritized commonly grown
crops due to clearer coding and established market channels. The shift of the CAP from crop-
specific to land-based subsidies allows farmers greater flexibility in their crop choices (European
Commission, 2022), which can, in theory, support experimentation with new or underutilized
crops such as sorghum. However, in practice, national implementation can still pose significant
barriers as echoed in the interview results. In Sweden, sorghum is not currently listed as an
eligible crop under the standard coding system used for CAP subsidies, such as “Gardsstod”.
Instead, farmers who wish to grow sorghum can still receive subsidies by manually specifying
the crop in their application under the “other crops” category (e.g., GK88 with free text). This
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workaround, although technically functional, introduces administrative uncertainty.
Additionally, this information was not readily found by the author on jordbruksverket’s website:
one of the main channels of information for Swedish farmers. So, the information reported here
directly depends on the personal communications with The Swedish Board of Agriculture.
Further complicating the situation, adding sorghum to the official crop list requires coordinated
interest from multiple stakeholders. While no fixed criteria exist, as searched for on
jordbruksverket’s website and checked with P01, a new crop code seems more likely to be
introduced if several organizations or companies show demand for the crop, including buyers
like Nordisk Ravara or Lantmannen. Code updates happen annually, with final decisions usually
made by November (Jordbruksverket, n.d.). Until then, sorghum growers remain in a grey area
where they are eligible for subsidies but without clear procedural guidance or standardization.
This case illustrates a disconnect between the CAP’s aim for flexibility, and how it materializes
on the ground. Reintroducing crop-specific subsidies could restrict innovation, which is
precisely why CAP moved away from them (European Commission, 2022). However, failing to
clearly accommodate novel crops in national systems similarly discourages innovation, especially
in a time where farmers are already facing high levels of uncertainty.

Some interviewees emphasized the burdensome nature of paperwork and bureaucracy
associated with CAP support in Sweden, and viewed them as a barrier to innovation and small-
scale participation. This concern is widely recognized within academic and policy literature. For
example, it is echoed in the report of OECD’s (2018) that highlights how excessive regulatory
requirements may reduce the attractiveness and accessibility of CAP support, especially for
diversified or smaller farms attempting to trial new innovations — like adopting sorghum.
Moreover, this administrative complexity is recognized as a challenge in Sweden’s own CAP
Strategic Plan (2022), which includes intentions to streamline the application procedures and
reduce paperwork. Despite these stated ambitions, the persistence of bureaucratic processes
continues to limit the practical uptake of innovative practices among farmers.

Interviewees also commented on the misalignment between the environmental benefits of
sorghum and existing compensation schemes. To cross-match this, the echo-schemes in
Sweden’s Strategic plan were analyzed for the potential inclusion of sorghum under them (See
section 2.3.1). First scheme is the organic production compensation (Regeringskansliet, 2022).
Sorghum could potentially fit within this scheme as long as it is grown organically and reported
accordingly, making it eligible for compensation like other organic crops. However, much like
the direct support (BISS), it needs to be listed in the standard CAP crop codes (Jordbruksverket,
n.d.). Second is the “flowering fields and field edges” scheme (Regeringskansliet, 2022).
Sorghum does not qualify for this compensation, as the scheme targets non-productive or semi-
productive land used specifically for ecological enhancement. Third is the precision agriculture
and planning compensation (Regeringskansliet, 2022). Since this compensation is tied to the
method rather than the crop, sorghum adoption cannot directly qualify for compensation here
cither. Finally, the carbon storage and reduced nitrogen leakage scheme, which holds the most
potential for inclusion (Regeringskansliet, 2022). This scheme requires crops to be sown after
the main harvest and maintained through the winter to protect the soil from erosion and nutrient
leaching (Regeringskansliet, 2022). Sorghum, as a main season crop harvested before autumn,
does not fit these timing or management requirements and therefore is excluded from this
compensation despite its environmental benefits during the growing season and contributing to
the goal of this echo-scheme. This exclusion reveals a notable policy gap. While sorghum can
contribute positively to soil health, carbon storage, and climate resilience through its deep roots
and biomass production, these benefits occur during the main growing period rather than the
non-growing season targeted by the catch crop measure. Consequently, sorghum’s contributions
are not recognized or incentivized within current environmental compensation schemes focused
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on catch crops. As a result, interviewees viewed the current system as structurally misaligned
with climate-resilient crop innovation.

4.4.2.2 Seeds Regulations

4.4.2.2.1 Interview Results

Participants — 3 farmers (FO1, FO3, FO6) and 4 Stakeholders (P01, P02, P04, P05) — frequently
raised seed regulations as a critical barrier to the adoption and spread of new crops like sorghum
in Sweden. These regulatory challenges mostly relate to import procedures, certification
requirements, resale restrictions, and the dominance of seed companies.

Stakeholder PO1 commented on the extensive bureaucratic and financial burdens tied to
importing seeds from outside the EU. They noted that importing requires compliance with
extensive regulations: “7o import seed from outside Europe, the seed will become more expensive and they
might have to write several forms to prove that the seed is secure, that there’s no weeds with it or other particles
that shouldn’t be”” P04 echoed this point, observing that although imported seeds must meet
Swedish standards for germination rates and weed content, they did not perceive this as a major
obstacle: “I guess it will fit into that regulation.” In contrast, FO1 expressed concern that importing
seed is “always a hot topic,” due to risks like contamination with weed seeds.

A particularly restrictive regulation identified by multiple participants was the legal prohibition
on selling farm-saved seeds. FO6 stated outright that “/#’s actually not yet legal in Sweden to sell them
(heritage seeds)” but explained that farmers often circumvent this by selling the seed as animal
fodder. This workaround was also detailed by P02, who explained:

[“But it's a bit of a problem for these special and new and local crops. .. that you cannot like
grow a couple of fields yourself. And then you cannot sell it to a farmer that is also interested
[-..] That restricts the spreading on these local varieties quite a lot, which is sad. And I know
that some farmers get around this regulation by selling it as fodder becanse you can sell it to
another farmer if they are only going to get it to the cows. So, if you sell it as a fodder. .. then
_you cannot control if the other farmer is using it for something else than fodder, it's up to them.”
(P02, Ekologiska Lantbrukarna, 20 March, 2025)

However, both P01 and P02 acknowledged that this is technically illegal and highlights a broader
problem: these rules make it “noz very easy to take your own seed in Sweden and Enrgpe.” (PO1).

P05 further elaborated on the consequences of these resale restrictions: “#he only one who can sell
them is the company.” They linked this directly to seed sovereignty and corporate control: “zhe
companies gain a lot of money because the farmers always have to buy new seeds.” This issue is particularly
apparent for smallholder and organic farmers interested in preserving and sharing local or
heritage varieties.

The high costs and complex procedures of certifying a new seed variety for sale was also flagged
as a barrier against adoption. According to P01, if a farmer wants to save and sell seed to others,
“you have to register it yourself as a seed production company,” which requires field certification, seed
testing, and different fees. These processes are typically handled by large seed companies, who
dominate the market for conventional crops like wheat and batley and have the financial and
bureaucratic capacity to navigate this system. For new crops, the burden falls entirely on the
innovating farmer: “zf you're starting with a new culture, you have to do a lot of this work by yourself and

pay for it” (PO1).
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Organic seed use was mentioned explicitly by two participants. FO3 noted: “# has to be organic seed
or we have to get the permit to use it,” pointing to an additional layer of regulation for organic
producers. FO1 also stated that “within organic farming there are regulations with seed production and seed
selling,” framing these as potential challenges. These remarks suggest that while organic
production is already more regulated, sourcing appropriate seed varieties adds another barrier
for organic farmers experimenting with new crops.

4.4.2.2.2 Interpretation Against Policy Landscape

Participants expressed frustration with regulatory barriers to seed access and marketing — these
concerns mostly align with existing institutional frameworks (see the overview in section 2.3.2)
and expose gaps within them.

In theory, Sorghum is officially included in the Swedish seed certification system, as outlined in
Appendix 3 (Bilaga 3) of the Regulations on amendments to the Swedish National Agricultural Agency
regulations (SJVES 1994:22) (Swedish Board of Agriculture, 2022). This indicates that sorghum
is recognized and technically permitted for certified seed production and marketing in Sweden.
However, as mentioned eatrlier, this stands in contrast to its absence from the national CAP
crop code list, where its eligibility for direct payments and echo schemes remains unclear. This
absence indicates that, despite its legal recognition, no sorghum varieties have completed the
necessary registration process to be marketed as certified seed within the country, deeming the
crop not well enough supported for farmers to easily adopt it.

Regarding seed sourcing, participants’ experiences with importing seeds from outside the EU
are consistent with EU’s phytosanitary regulations (see section 2.3.2). These rules are crucial for
biosecurity, but they are also inflexible, and their complexity and cost can disproportionately
impact small or niche crop farmers, echoing the results from the interviews.

The prohibition on selling farm-saved seeds is also consistent with the EU seed marketing
legislation where only certified seeds of registered varieties may be sold. While this applies to all
crops, the issue is particularly pronounced for newer crops like sorghum that still lack
widespread formal registration, making legal seed exchange infeasible within small networks.

Moreover, participants highlighted the bureaucratic and financial burdens associated with
importing seeds from outside the EU, which reflects the broader EU framework’s DUS and
VCU requirements (European Commission, n.d.-b). These processes are resource-intensive and
largely inaccessible to individual farmers or small cooperatives.

Finally, the specific challenges of organic seed availability were noteworthy among participants.
A search of the OrganicXseeds database (Jordbruksverket, 2025) confirmed that no organic
sorghum seed varieties are currently listed in Sweden. Consequently, organic farmers interested
in trying sorghum might need to apply for derogations, which is a time-consuming and costly
process. Yet paradoxically, all participants in this study were organic farmers, a group that
showed higher interest in experimentation but encounter stricter seed-use regulations.

4.4.2.3 Public Investment in Research

4.4.2.3.1 Interview Results

Public investment in research was only explicitly emphasized by one stakeholder (P02), who
highlighted the role of Swedish institutions and funding schemes in supporting innovation in
agriculture. P02 pointed to SLU’s involvement in developing resilient crop varieties and noted

61



Habiba Allam, HIEE, Lund University

that this work is partially funded through national public money from Sweden’s previous food
strategy, as well as EU CAP innovation schemes. While these initiatives often target
collaboration and innovation, P02 acknowledged a gap in translating scientific results into
practice. They also described another type of funding from Formas, which helps share scientific
results with a wider audience through communication projects. These kinds of projects can
involve people outside of academia and aim to make research more accessible and useful in
practice. However, P02 pointed out that smaller organizations often struggle to join these
projects because “we need to get some money in beforehand |...] You get 100% funding, but you get it
afterwards. So yon need liquidity. As soon as you have that, you can get kind of interesting products ont of this.”

National funding is also affected by politics and was described by P02 as inconsistent. For
example, “Right now there’s not any funding in the national food strategy... They are taking away all the
organic projects. But if it comes, it might support business development or testing new things like sorghum in the
Swedish context.” Even so, PO2 noted that projects involving new crops could possibly get support
if they are presented as innovative and connected to improving Swedish farming.

This singular perspective suggests that while there are some existent mechanisms for research
investment in Sweden, their accessibility and consistency remain uncertain and policy driven.

4.4.2.3.2 Interpretation Against Policy Landscape

These insights from P02 reflect broader structural patterns in Sweden’s agricultural policy,
particulatly the presence of research funding streams such as Formas and EIP-AGRI, and the
emphasis on innovation and knowledge transfer (see section 2.3.3). However, the participant’s
experience of these schemes being inaccessible to smaller actors due to liquidity constraints
highlights a systemic issue not always prioritized in policy design.

Furthermore, P02’s concern about inconsistent political commitment aligns with the transition
between Sweden’s previous and newly released food strategies. Their observation that organic
farming projects were being removed reflects broader debates about shifting priorities in
agricultural policy. Notably, they were unaware of the National Food Strategy 2.0, which had
not yet been released at the time of the interview. This underscores how policy lags and
communication gaps can affect stakeholders’ ability to anticipate and engage with new funding
opportunities.

For sorghum, this context presents both opportunities and limitations. On the one hand,
national and EU-funded mechanisms for applied research could potentially support pilot
projects, variety trials, and knowledge-sharing initiatives. Sorghum aligns well with themes
emphasized in the food strategy and CAP, such as climate resilience, sustainability, and resource-
efficient production. This could help frame it as a relevant crop for future innovations. On the
other hand, the fragmented nature of Sweden’s AKIS may pose an obstacle to establishing the
kind of coordinated effort needed to support sorghum’s wide adoption.
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5 Discussion

In this chapter, the author takes a step back and critically reflect on essential elements forming
this research. Section 5.1 provides a discussion on how the conceptual framework could be
enhanced based on the results. Then, section 5.2 discusses the possible implications of the
methodological choices on the study’s results and the introduced limitations. Finally, section 5.3
offers recommendations for future research that could deepen and broaden the research’s
insights.

5.1 Revisions to the Conceptual Framework

The conceptual framework was developed in response to RQ1a based on a systematic literature
review and refined through a stakeholder focus group. While providing a strong foundation for
interview design and data analysis, the findings suggest that the framework’s relevance and
clarity could be improved, particularly in the Swedish context.

First, it would be useful to explicitly include environmental benefits as an agronomic property.
Although environmental outcomes are often considered separately from agronomic traits, in
this study, participants frequently framed sorghum’s environmental performance (e.g. water
efficiency, soil health benefits) as an inherent part of its value as a crop and a motivation for
adoption. Second, the interview data suggests that weed and pest control should be treated as
two separate factors. In the Swedish context, weed pressure emerged as a prominent concern,
particularly for organic farmers, while pest control was rarely mentioned. Combining them may
blur important differences in how these issues are experienced and prioritized by farmers. A
third proposed adjustment is to combine “days to maturity” with “suitability to local biophysical
conditions”, as participants consistently discussed these aspects together. The crop’s maturation
time was viewed as a key determinant of its fit within local growing seasons and climatic
conditions. Fourth, under market dynamics, “niche market and scaling” can be embedded in
broader conversations about market demand, processing infrastructure, and supply chain
coordination. While being acknowledged during the interviews, this factor was not discussed in
isolation. As such, it does not add analytical value and may complicate the framework
unnecessarily. Finally, and similarly, the factor “farm resources” under the socio-economic
category was not retained in the results, as it overlapped substantially with other factors —
patticularly labour availability and structural/infrastructural constraints. Merging these elements
would streamline the framework and reduce redundancy.

In addition to these thematic revisions, a critical reflection on the conceptual framework’s
integration of the Diffusion of Innovations (DOI) theory (Rogers, 1983) is important. The DOI
attributes (relative advantage, compatibility, complexity, trialability, and observability) were not
presented as distinct thematic categories in the results. This was due to the fact that many of
these dimensions were closely interlinked with other empirically grounded themes and often
double-coded. For example, compatibility overlapped with structural and infrastructural
constraints (e.g. machinery or system fit), while relative advantage was strongly connected to
agronomic performance and perceived environmental benefits. In contrast, trialability and
observability did not show the same degree of cross-coding with other themes; trialability was
discussed by four farmers and six stakeholders, indicating its relevance, particularly in the
context of low-risk experimentation and knowledge building. On the other hand, observability
appeared less influential, likely because sorghum cultivation is still uncommon locally, limiting
farmers' ability to observe its use firsthand. This integration suggests that while DOI provides a
useful conceptual lens, the real-world adoption context may blur distinct DOI categories into
broader, overlapping factors.
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Conceptually, although I initially sought to use DOI as one of the central analytical layers, in
practice it became somewhat redundant. Many of its core attributes were absorbed into more
context-specific categories during coding. The framework’s outer layers, developed through
literature review and stakeholder input, ultimately provided more grounded, nuanced insights
than the more abstract DOI categories. In retrospect, the framework may have been more
effective had it focused exclusively on these context-sensitive dimensions, or incorporated DOI
in a more integrated or supporting role rather than as a parallel structure.

5.2 Reflections on the Methodological Choice and Limitations

This study employed a qualitative, constructivist research design to investigate the factors
influencing the introduction of sorghum into Sweden’s agricultural system (RQ1) and to
examine the policy environment shaping adoption (RQ2). The research combined semi-
structured interviews, focus groups, a literature review, and a complementary document analysis.
While this multi-method approach provided rich, context-sensitive insights, it also shaped the
findings in specific ways and introduced some limitations. This section exposes these influences
and limitations structured by the different methodological elements.

Data Sources and Sample Composition

The sample consisted of 10 organic farmers and 14 stakeholders. This sample quality brought
in-depth and well-informed perspectives but also limited the breadth of views represented.
Despite efforts to include conventional farmers in this study, the final sample was limited to
organic producers. As a result, the findings reflect the priorities, value systems, and market
conditions of a relatively specific segment of Swedish agriculture. Conventional farmers may
weigh agronomic and economic risks differently, and their exclusion limits the
comprehensiveness of the results. Including them may have revealed stronger resistance to
change or different considerations and barriers to adoption

Additionally, by emphasizing farmer narratives within a constructivist framework, the study
aimed to center the subjective reasoning of individuals engaging with the adoption of a novel
crop. However, the resulting insights likely reflect the perspectives of actors who were already
curious about sorghum or motivated to participate in scientific research. This is partly a result
of the sampling approach: those less interested in sorghum, skeptical of change, or more
disconnected from research networks were less likely to engage with the study, and may
therefore be underrepresented. Furthermore, the inclusion of awareness-raising activities (e.g.,
a podcast and webinar) prior to data collection helped inform participants in a context where
sorghum was relatively unknown, but may have contributed to response bias. Farmers who
chose to engage with these materials were likely more open to new ideas or sympathetic to the
topic. As shown in Appendix F, half of the interviewed farmers had attended the webinar;
however, no comparative analysis was conducted between their responses and those who had
not, due to the small sample size, so the presence of bias was not examined, but is speculated
by the author.

The language barrier was also a limitation in this research. Interviews were conducted in English,
though most participants were Swedish speakers. This may have affected their ability to express
nuanced or technical ideas. Similarly, some policy documents were only available in Swedish and
required interpretation by the researcher, introducing further translation-related limitations.

Methods of Collection

Semi-structured interviews were used as primary data collection methods. Their design
intentionally gave participants room to steer the conversation toward what they perceived as
most relevant. This allowed for the emergence of unanticipated themes that may not have been

64



Sorghum for Sweden? Perspectives on Climate-Resilient Crop Adoption from the Field

emphasized in the literature (RQ1b). However, because participants were not asked to reflect
systematically on every category in the framework, some potentially important factors —
especially those not top-of-mind — may have remained underexplored unless mentioned
spontaneously. This shows the balance researchers must strike between following a structured
plan and staying open to new ideas (Creswell & Creswell, 2018).

Another limitation of this research lies in the complementary document analysis. Although
document selection was guided by interviews and relevance to RQ2, the document review
focused on formal EU and national-level strategies, and to a lesser extent, on some analysis of
them. Including municipal-level policy instruments and advisory memos from farmers’
associations might have uncovered more mechanisms of influence or awareness gaps.

Methods of Analysis and Framework Application

The conceptual framework — developed through a systematic literature review and validated in
a stakeholder focus group — guided both the interview design and the initial coding structure.
This deductive application contributed to internal validity by ensuring coherence between theory
and data collection. However, it also influenced how questions were framed and how findings
were categorized. In doing so, it may have directed attention toward previously identified and
visible drivers of adoption, potentially limiting the emergence of new influences.

To mitigate this, the coding strategy remained partially inductive, allowing emergent themes to
be integrated alongside pre-identified categories. Still, the framework’s influence on
interpretation likely shaped the weight and visibility of certain findings, especially where overlaps
existed between conceptual dimensions (e.g. compatibility and infra-structural constraints).

Overall, the methodological choices, while suitable for answering RQ1 and RQ2 in an
exploratory and context-specific manner, also influenced which stories were told and how
adoption was framed. Future studies could complement this approach with broader, and
perhaps, mixed-method designs to include more diverse voices and validate emerging patterns.

5.3 Recommendations for Future Research

This study has provided an in-depth, qualitative understanding of the factors shaping perceived
enablers and barriers to sorghum adoption among a specific group of Swedish organic farmers
and agricultural stakeholders. However, it also revealed several directions for future research
that could deepen and broaden these insights, particularly by addressing methodological and
scope-related limitations.

One key opportunity lies in adopting a mixed-methods approach. While qualitative interviews
captured rich, context-sensitive perspectives, a complementary quantitative survey could test the
generalizability of these findings across a broader and more diverse sample. Including
conventional farmers, small-scale producers, and those less engaged in crop diversification
would allow researchers to examine how attitudes and constraints differ across farmer types and
systems. Such design could also identify patterns in adoption potential and resistance that may
not emerge in qualitative interviews alone. A different approach, such as the ADOPT
framework (Kuehne et al., 2017), offers a structured, quantitative tool for predicting how quickly
and widely a new agricultural practice might be adopted. It does this by assessing 22 factors
related to the practice and the target population and generates adoption forecasts based on these
inputs. ADOPT was not used in this study because it requires specific, quantifiable inputs and
is primarily designed for predictive modeling, whereas this research aimed to uncover nuanced,
context-specific insights through interviews. Nevertheless, it could be a valuable complement
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to this research. It offers a systematic way to test and extend qualitative findings and could help
inform policy by modeling “what-if”” scenarios.

Future research could also benefit from more detailed stakeholder mapping or network analysis
to better understand the broader institutional and relational context in which adoption decisions
are made. While this study identified key actors and highlighted coordination gaps, a formal
analysis of stakeholder influence and interactions could provide a more systematic view of
power dynamics, bottlenecks, and enabling environments within the Swedish agricultural
system. This becomes especially relevant given that the findings reveal a highly polarized
network with few powerful players in Sweden’s agricultural system.

Added value also potentially lies in expanding the policy document analysis to include regional-
level instruments, advisory memos, and communication materials from farmers’ associations.
These may reveal more localized and operational aspects of policy influence that national-level
strategies overlook. Additionally, a discourse analysis of the policies shaping Sweden’s
agricultural system and how they developed on both an EU level and a national level could
deepen our understanding of why they are formulated as such and where interventions could
take place. For example, more in-depth work like that done on exploring the CAP’s departure
from crop-specific subsidies could better shape light on the context-appropriate policy
recommendations that can facilitate the adoption of new climate-resilient crops like sorghum.

Finally, future research could explore how crops like sorghum can contribute to a more
circular and sustainable farming system. Sorghum has multiple uses: its roots can improve soil
health, its stems can be used for biomass or animal fodder, and its grains can be used for food.
This multifunctionality means that adopting such crops might require a broader shift in how
we design farming systems and policies. Instead of trying to fit new crops into old models,
research could examine how policies need to evolve to support more diverse and resource-
efficient systems. This includes rethinking how value is defined in agriculture and what kinds
of support are needed to make full use of crops with multiple environmental and economic
benefits.

Opverall, combining different methods and sources, while maintaining attention to farmer
perspectives, can help build a more comprehensive and policy-relevant understanding of the
dynamics shaping new crop adoption in Sweden and beyond.
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6 Conclusions and Recommendations

This final chapter concludes the key findings of the research and provides practical
recommendations for its audience in the form of a guiding roadmap for sorghum’s introduction.
Academics and researchers are encouraged to check the recommendations for future research
in section 5.3.

6.1 Key Findings

This thesis set out to explore how a climate-resilient, low-input crop like sorghum could be
integrated into the Swedish agricultural system, with a particular focus on the agronomic, socio-
economic, market and policy-related factors shaping its adoption. Against the backdrop of
growing climate variability, Baltic Sea eutrophication, and the need for agricultural
diversification, sorghum has emerged as a promising candidate for Sweden. While previous
agronomic trials — on a lab scale — have demonstrated the technical feasibility of growing
sorghum in Swedish conditions, little was known about how farmers perceive this crop and
what systemic conditions are needed to support its uptake. This research aimed to address this
gap by answering two main questions: what factors influence the adoption of sorghum in
Sweden (RQ1), and how the current policy landscape supports or constrains that process (RQ?2).

In response to RQ1a, the findings from the literature show that the introduction of new crops
is generally influenced by a combination of agronomic suitability, market access, and the
availability of knowledge and policy support systems. This was conceptualized into the
framework utilized for this study as presented in Section 2.5, constituting the theoretical
contribution of this research.

In the specific case of sorghum (RQ1b), the findings show that while sorghum offers promising
agronomic benefits, particularly its drought resilience and low input requirements, its adoption
in Sweden is limited by a combination of perceived biophysical mismatches, market
uncertainties, and weak policy visibility. Sorghum was widely viewed as a climate-resilient crop
with potential benefits for low-input systems, degraded soils, and biodiversity. However, its
success was seen as highly site-specific, constrained by uncertainties around wet weather
tolerance, maturity timing, soil compatibility, and day-length sensitivity, limiting its reliability in
many Swedish regions. While several farmers were open to experimenting with sorghum, the
lack of adapted seed varieties and agronomic guidance remained key barriers. Additionally,
market access emerged as a decisive concern but not in isolation. It was understood as
intertwined with infrastructure gaps, low consumer demand, and the absence of clear pricing or
secure sales channels. Importantly, most farmers saw sorghum’s potential within a niche or
supplementary role, rather than as a crop suitable for large-scale substitution.

In response to RQ2, the study found that the policies affecting new crops’ introduction are not
fully visible to most farmers. While stakeholders highlighted the importance of CAP subsidies,
seed registration, and regulatory frameworks, these were rarely mentioned by farmers
themselves. Respondents and the complementary document analysis highlighted sorghum’s
exclusion from official CAP crop codes, administrative complexities surrounding seed
regulations and unclear subsidy mechanisms. This suggests that current policies may not actively
hinder sorghum adoption, but they also do not facilitate it. This largely leaves the burden of
experimentation and risk management on the farmers.

This thesis shows that sorghum’s adoption in Sweden is constrained not by a single factor, but
by the interaction of limited agronomic reliability as perceived by farmers, weak market
infrastructure, knowledge gaps, and low policy integration. While the crop holds clear potential
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for supporting climate adaptation and environmental goals, realizing that potential requires
coordinated action.

6.2 Recommended Guiding Roadmap

Given how interlinked the factors influencing adoption are, a similarly interlinked guiding
roadmap is recommended for sorghum’s adoption in Sweden. The roadmap highlights key
recommended actions, actors, and domains of change. These domains include:

1. Seed Systems (availability, registration, breeding)
Knowledge & Capacity (trials, education, extension)

Market Development (demand, processing, procurement)

el

Policy Alignment (CAP support, climate integration)

The recommended interventions for each domain are structured into three phases, where the
first phase, named foundation, aims to create the enabling conditions for experimentation and
initial uptake. The second phase, named scaling, aims to build trust in sorghum’s agronomic
performance and develop stable demand. Finally, the third phase, named Infrastructure and
incentives, aims to consolidate supply chains and mainstream policy support for sorghum.

The roadmap aims not only to support individual farmers, but also to inform institutional and
policy reforms needed for system-wide change based on the research findings through the key
actions presented in Figure 6-1. A tabulated version of these actions is provided in Appendix L
for readers who prefer non-visual formats.

6.3 A Closing Reflection

As this thesis comes to a close, it leaves behind more than just insights and recommendations.
It carries the voices of those who shared their time, knowledge, and reflections with me —
farmers, researchers, and policy actors who, in their own ways, are navigating the complexity of
growing food in a changing world. It carries questions about what it means to farm with care,
and what it takes to build systems that nourish not only the land, but the people and values tied
to it. Profit will always matter — it keeps farms running, tables full, and futures open. But perhaps
it does not have to be the only thing that matters. I leave this journey with hope for agricultural
systems that value quality, resilience, and meaning, just as much as they value yield. And maybe,
like sorghum, these ideas just need the right conditions to take root.
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Appendix A: Literature Mapping Table
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Agronomic
Factors

Economic
Factors

Policy Factors

Social Factors

Environmental
Factors

Market Factors
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Sources from the Literature
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Slinkard, 2002)
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Appendix B: Summary of initial search and filtered
publications based on screening criteria.

No.

Search String

Total
Publications

1

(TITLE-ABS-KEY ( "crop diversification" OR "alternative crops" OR
"novel crops" ) AND ( "factors" OR "barriers" OR "drivers" OR
"determinants" ) AND ("farmer adoption" OR "agricultural adoption" OR
"technology adoption" ) )

14

(TITLE-ABS-KEY ("socioeconomic factors OR "economic feasibility"
OR "farm income") AND ("new crop" OR "alternative crop" OR "novel
crop adoption") )

15

(TITLE-ABS-KEY ( "policy" OR "regulation" OR "subsidies" OR
"agricultural policy" ) AND ("new crop adoption" OR "crop
diversification" OR "novel crops" ) AND ( "Sweden" OR "Baltic region"
OR "Northern Europe" ) )

(TITLE-ABS-KEY ( "policy impact" OR "farmer response to policy" OR
"barriers to policy implementation" ) AND ( "new crop adoption" OR
"crop diversification" ) )

(TITLE-ABS-KEY ( "subsidy" OR "agricultural policy" OR "national
agricultural strategy" OR "local governance" ) AND ("crop diversification"
OR "New crop" OR "New crops" OR "novel crops" ) )

79

(TITLE-ABS-KEY ( "farmer perceptions" OR "farmer attitudes" OR
"decision-making" ) AND ("new crop" OR "alternative crops" OR
"climate-resilient crop” ) )

62

(TITLE-ABS-KEY (market AND analysis AND of AND new AND crop
AND introduction ) )

22

Total number of articles

198
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Appendix C: Overview of the Data Collection

Data Collection Method

Date of Collection

Main RQ it helps to

answer

Systematic Literature Review (55 | February — May 2025 RQla

sources)

Focus Group Discussions (2| 14 Oct, 2024 & 11 March, | RQ1 (& the problem
FGDs) 2025 definition)
Semi-Structured Interviews (24 | November 2024 — April | RQ1b and RQ2
participants) 2025

Document Analysis (6 documents) | May 2025 RQ2
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Appendix D: Azerbaijan FGD Design and Agenda
Opening (10 minutes)

e Round of introductions: names, roles, their relation to sorghum (if any), and something
that makes them happy - passing an object among each other.

e Introducing my thesis

e Explain the workshop’s purpose

o To collectively explore the drivers of new crop adoption — Emphasizing that the
session is about gathering and mapping expert insights before comparing them
with my theoretical model.

o To share the lessons learned across different contexts from the socio-economic
and policy lens

e Ask them to fill the consent forms

Conceptual Framework Activities (~2 hr)
1. Role-Playing Activity (~60 minutes)

Setup: Divide the room into small groups, create a fictional scenario where a new crop is being
introduced. Prepare role cards for each of the small groups and assign the following roles:
Conventional Farmers, Organic Farmers, Policy makers, Seed company. Each group would have
one actor from each role.

Prompting: Explain that each group needs to discuss factors affecting their decision to
endorse this crop — What factors are affecting your decision to support this crop?

Reflection: Ask each group to prepare a summary of their discussions (~10 minutes).

Give 5 more minutes to discuss intersections between factors if not previously discussed while
drawing connections on a board. — Also, encourage examples!

2. Framework Introduction and Comparison (45 minutes)

Present my framework and match the common factors between the framework and the factors
they have identified. Prompt discussions through asking about any missing or over-emphasized
factors and general feedback.

Break (10 minutes)

Lessons Learned Activities (45 minutes)
- Rearrange the chairs back into a circle
- Now bring the focus of the discussion on Sorghum introduction
- Relaxed conversion with prompting questions in the circle:

o What are the main opportunities/factors that have made the process of
introducing sorghum easier in your country?

o What are the main challenges you faced in introducing sorghum?
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Appendix E: Azerbaijan FGD Consent Form

I want to express my gratitude for your decision to become part of this thesis project. Your
participation is crucial as this research aims to navigate the existing landscape in Sweden for the
entry of new crops, with a special focus on sorghum.

This form is to ensure that you have been given information about my thesis (see Information
Sheet on the other side) and to give you opportunity to confirm that you are willing to take part
in this research. By participating in the workshop, you acknowledge that you have been
familiarized with the thesis project, have had the opportunity to ask questions, and have received
satisfactory answers. You also acknowledge your right to withdraw from the research at any
time. You give your consent to be identified by your organization, and you understand that the
thesis will be made publicly available once published.

Please note that your participation is entirely voluntary; you are not required to participate in
every activity, and you may refuse to answer or withdraw at any time without providing any
reason or requesting that certain materials remain confidential. Please sign below to confirm
your consent.

Participant Name Organization Signature

Researcher: Habiba Allam

Signature: H(AMCW All g~

Date:

84



Sorghum for Sweden? Perspectives on Climate-Resilient Crop Adoption from the Field

Appendix F: Interviews Consent Form

Sorghum as a biodiversity strategy in Sweden:
Enablers and Obstacles for Adoption

CONSENT FORM

I want to express my gratitude for your decision to become part of this thesis project. Your
participation is crucial as this research aims to navigate the existing landscape in Sweden for the
entry of new crops, with a special focus on sorghum.

This form is to ensure that you have been given information about my thesis (see Information
Sheet on the other side) and to give you opportunity to confirm that you are willing to take part
in this research. For all activities below, please indicate which applies to you:

I have been familiarised with the thesis project. I have had the possibility to ask
questions and I have received satisfactory answers to my questions

As a research participant, I am aware of my right to withdraw participation at
any time

I give my consent that the interview can be audio- and video-recorded,
transcribed, and analysed

I give my consent to be identified by my organization

I give my consent to be identified by my name

I understand that the thesis will be made publicly available once it is published.

oo g o

I give my consent that a record of my interview can be safely stored for future
reference

Note: Your participation is voluntary. As an interviewee, you do not have to answer all the
questions that are asked; you reserve the right to refuse or cease participation in the interview
process without stating your reason and may request to keep certain materials confidential.

Please, sign below to confirm your consent:

Participant(s) Researcher(s)
Name(s) Habiba Allam
Organization (s) Lund University

Signature(s)

Ha/j;}bw Al [ puan
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Date(s) 28 July 2025 3 March 2025

INFORMATION SHEET

Description of the Research Programme

This thesis research is part of my completion requirements for the Erasmus Mundus Joint
Masters in Environmental Sciences, Policy and Management (MESPOM) at Lund University's
International Institute for Industrial Environmental Economics (IIIEE). The research is carried
out independently and contributes to the SORG4NOBAL project, which explores the feasibility
of introducing sorghum crop into the Baltic Sea region as a climate resilience strategy.

Sorghum is recognized for its versatility as food, feed, and bioenergy. It holds potential for
addressing key agricultural challenges. Its climate resilience and low-input requirements align
with the goals of the Baltic Sea Action Plan to mitigate eutrophication and pesticide pollution.
However, the systemic factors influencing its adoption outside of its traditional strongholds
remain underexplored. The study focuses on the uptake of sorghum in Sweden. By analyzing
the socio-economic and policy barriers and enablers affecting sorghum's introduction, the
research seeks to provide actionable policy recommendations for sustainable integration into
Sweden’s agricultural systems.

In relation to your expertise in agricultural policy, market dynamics, or sustainable farming
practices, your insights will be invaluable for validating and refining the research outcomes. By
participating, you will contribute to shaping recommendations that support Sweden’s leadership
in sustainable agriculture.

Data Management

Information about GDPR implementation at Lund University can be found:
lunduniversity.lu.se/gdpt. To this end, all data will be securely stored on a hard disk utilised
explicitly for research. Each participant's data will be anonymised, and a unique numetic
identifier will be assigned to ensure complete confidentiality. Furthermore, I would like to
emphasise that the data will be stored only until the end of August 2025, which coincides with
the completion date of the thesis. Throughout the research project, participants retain the
privilege to access their data, request its amendment, deletion, or limitation of processing, and
voice concerns regarding handling their personal. Lastly, it is important to note that the thesis
will be made publicly available to everyone. This is done to promote transparency and facilitate
the dissemination of the research findings to a broader audience.

For any enquiries regarding this research, please contact:
Habiba Allam,

Researcher,
The International Institute for Industrial Environmental Economics, Lund University

Email: habiba.allam@mespom.eu
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Appendix G: Interview Guide

Interview Guide for Farmers

Purpose

e Tounderstand farmers’ perceptions of sorghum’s relative advantages, compatibility with
existing practices, economic feasibility, and challenges.

e To explore attitudes toward climate-resilient strategies and experiences with previous
crop transitions, and to see how much change a farmer in Sweden is willing to go
through.

Introduction
e Greeting and consent
e Briefly introduce climate resilience in agriculture and climate resilient crops, bring in

sorghum as an example, mention what my thesis is about, and why I am interested in
their opinions.

Key Questions:

1. How likely it is that you consider adopting a new crop?
o What would support your decision to adopt it?
o What would make you hesitant about adopting it?
2. Have you participated in our webinar about sorghum or listened to the podcast?
o (If yes) What information about sorghum do you recall from them?
o (If no) Have you heard or read anything about it before?
1. From where have you learned about sorghum?

If they heard about sorghum before: If they do not know about
sorghum:

3. What do you see as the potential benefits of sorghum | Skip to Question 8 —
compared to the crops you currently grow? PLUS ASK  WITH
4. From your perspective, what would be the biggest  ELEMENTS FROM
challenges or risks if you decided to sow sorghum? THE FRAMEWORK
5. How well do you think sorghum could fit into your
current farming practices (e.g, crop rotation,
machinery, labor)?
6. What are your thoughts on the potential profitability of
sorghum?
7. Would you be willing to consider adopting sorghum?
o What would support your decision to adopt it?
o What would make you hesitant about adopting
it?
8. In general, how do you feel about adopting new, climate-resilient crops? Do you have
any past experiences with similar transitions?
9. Do you know any policies about climate resilient crops?
o Where do you know this from?
10. Is there anything else you would like to add about sorghum or other climate-resilient
crops?
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Interview Guide for Policy Advisors & Relevant Stakeholders

Purpose

To investigate institutional and policy factors affecting sorghum adoption, including the
CAP, seed regulations, policy support, and institutional bartiers/enablers.

Introduction

Greeting and consent

Briefly introduce climate resilience in agriculture and climate resilient crops, bring in
sorghum as an example, mention what my thesis is about, and why I am interested in
their opinions.

Confirm the participant’s role

Key Questions

88

Could you describe the existing policies or regulations that influence the introduction of
new crops like sorghum in Sweden?

Are there any specific programs or initiatives that support the adoption of new, climate-
resilient crops such as sorghum?
What type of policy and institutional issues might farmers have to face when adopting

sorghum?
How could the seed regulation affect sorghum adoption?

How do different stakeholders (e.g., farmers, seed companies, researchers) collaborate
to introduce and scale up a new crop? Is there any formal mechanism or communication
channel?
Do you think any policy changes or institutional adjustments are needed to effectively
promote sorghum adoption?

o Ifyes, what?

o If no, why not?
Is there anything else you’d like to mention about sorghum or climate-resilient
agriculture in general?
Do you know of other actors I could reach out to or resources you could share that
could enrich this research?
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Appendix H: List of Interviewees

Table: List of experts interviewed

Code | Otrganization Role Date Duration | Relevance
P01 | Jordbruksverket Agricultural | 6 Mar, | 35 min The organization responsible for agricultural
(Swedish  Board  of | Advisor 2025 policy-setting and revision within Sweden and
Agriculture) responsible for setting codes for crops to get
subsidies.
P02 | Ekologiska Business 20 Mar, | 80 min A Swedish association of organic farmers - with
Lantbrukarna Manager 2025 1500 members out of about 5000 organic
farmers in Sweden. P02 specializes in market
analysis and farmers perspective.
P03 | Hushillningssillskapet | Agricultural | 21 Mar, | 40 min Agricultural advisor working in the South East
Advisor 2025 of Sweden with 15 years of experience. They
worked with farmers who tried sorghum before.
P04 Hushillningsséllskapet Production | 24 Mar, | 23 min Agricultural advisor who specializes in new field
Ostergotland Advisor 2025 trials with farmers in Sweden.
P05 Ekologiska Agricultural | 4 Dec, | 39 min & | PO5 specialized in policies and lobbying for
Lantbrukarna policy & | 2024 & | 32 min Organic farmers in Sweden
Regulatory | 24 Mar,
issues 2025
P06 | Swedish University of | Researcher | 25 Nov, | 36 min A researcher partner of the SORG4NOBAL
Agricultural ~ Sciences 2024 project looking into the feasibility of growing
(SLU) sorghum in the climatic zone of Sweden
P07 | University of Associate 25 Mar, | 41 min Candidate for membership in the Global
Copenhagen, Professor, 2025 Sorghum Association (GSA). They study
Department of Plantand | Head of sorghum on a biochemistry level.
Environmental Sciences | Section
P08 | Catlsberg Research | Senior 25 Mar, | 27 min Studying sorghum genes involved in drought
Laboratory Researcher | 2025 tolerance and resistance towards environmental
stress in the Denmark.
P09 Nordisk Ravara Founder and | 28 Mar, | 43 min Nordisk Révara is a company that looks into
CEO 2025 new seeds in Sweden, with a focus on nutritional
food. They act as a bridge between farmers and
consumers/industries.
P10 | Swedish University of | Researcher | 24 Mar, | 30 min They specialize in intercropping with a focus on
Agricultural  Sciences 2025 heritage varieties of cereals and legumes.
(SLU)
P11 | Sorghum 1D & | International | 28 Mar, | 40 min Managing the Sorghum ID association with a
FNPSMS (the French | Promotion 2025 strong involvement in building a French and
National Federation of | Officer European sorghum industry, and conducting
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Maize and Sorghum economic monitoring of the global sorghum
Seed Production) market.
P12 | Lantminnen Lantbruk Group 3 Apr, | 28 min Lantminnen is the largest Cooperative in
Manager 2025 Sweden and Northern Europe involved in
Breeding everything from grain production and
processing to food, bioenergy and agriculture
machinery. The interviewee works in plant
breeding within the Co-op.
P13 | Maatschap de Milliano- | Plant 4 Apt, | 78 min Farmer of an arable and innovative research
Meijer pathologist | 2025 farm, Hoeve Dierkensteen. Developer and
and crop breeder of Dusormil and DusorghA sorghums
specialist respectively in the Netherlands and Sierra
Leone.
P14 | LRF  (Federation of | In charge of | 4 Apr, | 24 min Working with both conventional and organic
Swedish Farmers) the division | 2025 farmers, and on policies trying to advocate for
for  arable Swedish farmers and Swedish foods promotion
crops in LRF on national and EU level.
P: Stakeholder
Table: Organic farmers interviewed
Code Date Duration Attended the Webinar?
FO1 18 Mar, 2025 38 min No
FO2 19 Mar, 2025 15 min Yes
FO03 21 Mar, 2025 30 min Yes
FO4 3 Apr, 2025 19 min Yes
FO05 3 Apr, 2025 17 min Yes
FO6 4 Apr, 2025 39 min Yes
FO7 4 Apr, 2025 13 min No
FO8 7 Apr, 2025 28 min No
F09 7 Aprt, 2025 26 min No
F10 8 Apr, 2025 24 min No

F: Organic Farmer
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Appendix I: Literature Review Synthesis Matrix Template

Theme/Source | Literature Source #1 Source Source #3 /.../ | Source
#2 #55
Theme #1 Note from Source #1
corresponding to theme
#1
/.../
Theme #4 Note from source #3
corresponding to
theme #4
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Appendix J: NVivo Code book

knowledge. Because when it comes down to my
g y
experience with other crops that we're not so used to
here, it could be really hard... somebody wants to sell
8 y Y
you something because it's a company that sells seeds,
but they do not know if it fits here at all or if it's the
best variety for this area.”

Name Description (Example) Files References
Agronomic Properties 0 0
Environmental Benefits  “and I think it's cool that it doesn't need so much 9 13
nitrogen as maize or something like that”
Days to Maturity “You can't grow crops that are too far away from 5 6
suited to Sweden like frost tolerant and how many
days from sowing to harvest and so on.”
Physical Characteristics ~ “Then it grows very fast. So, you don't need so much 4 6
time. You can have two crops in one season. Like for
example if you if you do have rye over the winter and
harvest then you can plant sorghum after and harvest
before winter again.”
Resistance to Climatic “It's a big interest in some areas of Sweden with light 16 26
Conditions sandy soils and dry climate in the southeast of
Sweden. It's a really big interest for growing crops
that could work better in hot summers with a really
dry climate.”
Resistance to Diseases “...To avoid diseases to spread. I think there is a 5 5
point in having certified seeds that you can take in
and that I don't know about sorghum. I mean there
has to be some testing on seed borne diseases.”
Suitability to  Local “Maybe if it rains too much or the weather is bad... 14 23
Biophysical Conditions it's cold for sorghum maybe in Sweden.”
Weed Competition &  “So, we did barley and Lupin together and gave to the 11 17
Pest Resistance pigs and it did work quite good, but it has quite bad
resistance to weeds. So, the weeds could easily take
over”
Yield Potential “But we are only harvesting some 700 to 2000 kilos a 6 10
hectare and even in good places for growing
sorghum, the yield is relatively low.”
DOI Attributes 0 0
Compatibility “If it's a crop that suits well into a crop rotation, 11 17
especially in an organic crop rotation where it's not
kind of taking other crops places and it's providing
with some new, yeah, kind of new ways of working in
the crop rotation. It's also interesting”
Complexity “and I do not know how easy it is to get the right 4 6
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“A better visibility of the crop always will bring more
actors into it and the more demand there is the
acreage will follow.”

“So compared to maize, if you have sufficient water
then sorghum always yield less than maize and
therefore maize will be selected over sorghum in
these regions.

“but we usually try on quite small scale, maybe one or
two hectares to see if it works. And if it's works, we
can scale up.”

“But it's the abundance of the other cereals and the
national global pricing don't make it so attractive for
companies.”

“I only grow crops that are that that people want to
buy and eat.”

“if it's sellable, if somebody wants it, if I could do
something with it”

“Maybe it's a niche market. I'm looking for life and
I'm looking for health.”

“The economy is a big thing. You need the
calculation and it should be well paid. It's very
important to convince new growers,”

“Well, I don't use my own machinery to put the seeds
in ground. I, rent that kind of service, but I don't see
that as a problem.”

“If you're a small farm, we sell as directly to the
customers as we can. So, we shorten the value chain
considerably”

“policy is nice talking, but I mean, you have to take it
the next step. A policy is good to have, but you have
to then take the practical consequences.”

“you have different ways of funding projects in
Sweden and one is research projects and we have
Formas as well,”

“within organic farming there are regulations with
seed production and seed selling and so on. And that
could be a challenge.”

“you can't choose sorghum as a main crop and get
your normal EU subsidy for that.”
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Socio-Economic Dynamics
Cultural Norms
Farmers Networks
Farm Resources

Farmers Motivations

Knowledge

Labor Requirements

Risk  Perception
Economic Security

Recommendations
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&

&

“We do not have a culture of growing things for
human consumption and animal feed at the same
time.”

“And we don't have a good storage on the farm for
cereals storage or something.”

“I'm open to try it anyway. It's always fun with a new
crop to test”

“it's good to know before is this a vatiety of grain or
protein or, or seed that we have to like do a lot to
treat with before it can be eaten? Does it have to be
treated with machines or do we have to heat it with
water or dry it special ways or so? So, it's good to
know a little bit before how expensive will this be as
a product for the customer”

“But you need to like clean the machinery in between
you have wheat and the gluten free products
harvested, for example. There's a lot of extra work for
the farmers if it's to be a certified gluten free product”

“I think it's works good for the when it's drought, it's
can be like an insurance for a farm”

“I think in some kind of whole system purpose
perspective, we need more of this other crops that are
substitute for wheat because they are very tough and
need a lot of inputs to get good and it's not very
healthy otherwise. So it's like a lot of reasons to
change the whole food system towards less, less high
input wheat production in Sweden and more of better
crops

16
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21

36

24

11
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Appendix K: Visualization of Interview Results

Percentage of interviewed farmers (n=10) and stakeholders (n=14) who identified agronomic
properties as influential factors in the adoption of new crops in Sweden.
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Percentage of interviewed farmers (n=10) and stakeholders (n=14) who identified market
dynamics as influential factors in the adoption of new crops in Sweden.
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Percentage of interviewed farmers (n=10) and stakeholders (n=14) who identified socio-
economic factors as influential factors in the adoption of new crops in Sweden.
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Percentage of interviewed farmers (n=10) and stakeholders (n=14) who identified policy &
institutional support as influential factors in the adoption of new crops in Sweden.
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Appendix L: Tabulated Recommendations from Guiding

Roadmap

Foundation Phase

Domain

Seed Systems

Knowledge &
Capacity

Market
Development

Policy
Alignment

Key Actions

- Launch pilot trials of sorghum varieties
under Swedish conditions, especially in
different locations in the country to establish
the enabling growing conditions and
geographic zones.

- Fund farmer-led trials and demonstrations.
- Develop basic cultivation guides and peer
networks.

- Conduct a national feasibility and demand
analysis for sorghum.
- Engage potential processors and buyers in
exploratory dialogues.

- Clarify CAP eligibility for sorghum and
communicate subsidy pathways.

- Establish transition support or risk
mitigation grants for first-time growers.

- Incentivize research funding specifically
targeted at sorghum agronomy, market
development, and climate resilience
assessments.

Responsible Actors

Jordbruksverket, SLU

SLU, Extension
services, universities,
farmer associations

NGOs, food companies,
public procurement
bodies

Ministry of Rural
Affairs, Jordbruksverket,
Universities (SLU)

97



Habiba Allam, HIEE, Lund University

Scaling Phase

Domain

Seed Systems

Knowledge &
Capacity

Market
Development

Policy
Alignment

98

Key Actions

- Approve and register sorghum varieties on
the Swedish CAP crop code list.

- Incentivize local breeding or partnerships
with regional seed producers.

- Integrate sorghum modules in organic and
conventional extension services.

- Build a public collection of case studies
(from Sweden) on farm-level outcomes of
sorghum trials, documenting what worked,
what did not and under which conditions.
This collection could include yield and
income data, farmer reflections,
comparisons between organic and
conventional systems, and environmental
observations (e.g. weed suppression, soil
benefits). It would also be very useful to
share this documentation on Social Media
platforms.

- Facilitate long-term purchase agreements
(e.g., for feed, gluten-free flour) with
farmers.

- Pilot school meal inclusion

- Develop climate-smart public procurement
schemes that prioritize low-input, climate
resilient crops like sorghum.

- Begin integrating sorghum into eco-
schemes and diversification support.

- Provide Targeted Financial Incentives and
Subsidies, for example: launch agroecology
innovation grants linked to sorghum’s
ecosystem services.

- Integrate sorghum into existing agricultural
market information systems to regularly
communicate price trends and market
demand.

Responsible Actors

Jordbruksverket, Plant
breeding companies (e.g.
Lantminnen)

SLLU, farmer associations,
agricultural schools,
extension services and
agricultural advisors

Public procurement
agencies, large food or
feed companies,
cooperatives (e.g.,
Lantminnen), Swedish
Food Agency,
Municipalities

Jordbruksverket, Ministry
of Rural Affairs, EU
platforms (e.g., EIP-Agri,
Horizon Europe),
Statistics Sweden (SCB)
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Infrastructure & Incentives Phase

Domain

Seed Systems

Knowledge &
Capacity

Market
Development

Policy
Alignment

Key Actions

- Strengthen and support the local
development and availability of
adapted sorghum seed varieties

- Develop digital agronomic advisory
tools tailored to sorghum to provide
guidance on sowing times, soil and
climate fit, weed management,
harvesting and storage. This could be
embedded in existing platforms and
on social media.

- Invest in sorghum processing
infrastructure (e.g., for flour, syrups,
feed) to enable farmers to access
higher-value markets. This could be
through co-investment with
cooperatives or public-private funds.
- Launch regional branding initiatives
for climate-smart grains. Branding
could target retailers, restaurants, or
export markets to increase awareness
and premium value.

- Include sorghum in climate
adaptation strategies and food security
plans to align sorghum with long-term
policy goals.

Responsible Actors

SLU and breeding programs,
Seed companies

Jordbruksverket, advisory
services, SLU and agri-tech
startups, EU CAP rural
development funds

Jordbruksverket (CAP
investment support), Local
processors, farmers associations,
Ministry of Rural Affairs,
Regional food clusters or
alternative value chains,

Ministry of Rural Affairs,
Jordbruksverket,
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