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

• Inadequate grasp of risks in agriculture 
and gendered normative context may 
hinder adoption of agricultural 
technologies. 

• We explore gender roles, norms, and 
perceptions of risk in agriculture 
hampering drought-tolerant maize 
adoption in Uganda. 

• Men and women have varying percep-
tions of production risks, health risks, 
social norm risks, and financial 
constraints. 

• The formal maize seed system alone 
may not address the gender normative 
context and inseparability of agricul-
tural risks. 

• As a pro-poor risk-managing technol-
ogy, drought-tolerant maize would gain 
from integrating formal and informal 
seed systems.  
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A B S T R A C T   

CONTEXT: Drought-tolerant maize (DTM) varieties and other agricultural technologies can play an important 
role in maintaining crop production and livelihoods, yet their uptake remains low. Most research on risks in 
agriculture only considers climate risks as a barrier to adopting agricultural technologies. Farming communities 
face other agricultural risks related to health, finances, markets, and institutions. These risk perceptions may be 
different for male and female farmers. 
OBJECTIVE: We explore the agricultural risk perceptions of male and female smallholder farmers, assessing 
gender roles and norms and their influence on risk perceptions. Subsequently, we discuss the implications of 
these perceptions and gender roles and norms on the uptake of drought-tolerant maize varieties in Uganda. 
METHODS: We conducted a qualitative study with men's and women's focus groups in twelve villages in three 
districts in Uganda. We used participatory rural appraisal tools with each group to structure the discussions. 
RESULTS AND CONCLUSIONS: Production risks, health risks, social norms, and financial constraints may play an 
important role in smallholder agricultural decision-making. These risks are inseparable and different for men's 
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and women's groups. Women tend to prioritize climate and crop management risks, while men place more weight 
on financial constraints. The perceived impact of health risks, risks related to social norms, and market risks vary 
across men and women in different districts. Dokolo reflects more traditional gender roles, while Iganga and 
Masindi note more contested gendered power over maize cultivation. The risk and concern ranking in Dokolo 
shows more similarity between men and women compared to Iganga and Masindi. Women tend to have less 
access to DTM varieties in the formal seed system, while they tend to have fewer resources to mitigate health and 
crop production risks. To reach and benefit more women with DTM varieties, we draw attention to access to 
information, bringing seed closer (potentially subsidized), gender transformative interventions, and investment 
in open-pollinated varieties disseminated through the informal seed system. 
SIGNIFICANCE: Our research emphasizes the importance of considering multiple risks in agriculture when 
promoting resilient farming systems rather than focusing solely on climate risk. We also show the importance of 
applying a gender lens to these risks and the uptake of DTM varieties. Serving as an inclusive and pro-poor risk 
management technology, DTM would benefit from ensuring that the technology becomes available to male and 
female farmers in multiple seed systems, including formal seed systems (primarily hybrids) and informal seed 
systems (primarily open-pollinated varieties).   

1. Introduction 

Smallholders face not only weather risks but many other risks in 
agriculture, such as plagues, fluctuating output prices, and health shocks 
(de Janvry and Sadoulet, 2020). These sources of risks in agriculture are 
generally classified as production (including climate and weather- 
related), personal, market, financial, and institutional risks (Hardaker 
et al., 2015; Harwood et al., 1999; Osiemo et al., 2021). Of these, pro-
duction risk, particularly climate change, has been high on the research 
agenda resulting in many climate-smart activities proposed to enhance 
resilience against shocks. A meta-data analysis of 3283 peer-reviewed 
studies about crops and livestock published between 1974 and 2019 
shows that 66% of the studies focused on production risks alone, while 
only 15% studied a combination of more than one risk in agriculture 
(Komarek et al., 2020). 

Effective risk management strategies and policies for agriculture 
require detailed analysis of multiple types of risks (Komarek et al., 
2020), especially since smallholders' perceptions of risks are often 
interrelated (van Winsen et al., 2013). For example, smallholders may 
avoid risky agricultural investments because, in addition to production 
risks, they also may consider the risk of labor shortfalls and the risk of 
low grain prices, classified as background risks by economists. Back-
ground risks are those risks that farmers cannot insure against or avoid 
by taking some action, tempting households to reduce overall risk 
exposure (Fagereng et al., 2016). Different risks could thus interact and 
increase the level of risk aversion. Therefore, understanding these risk 
perceptions is essential to appreciate farmers' agricultural technology 
investment decisions (Huet et al., 2020). 

Failure to appreciate the interplay of different risks and farmers' 
perceptions may result in overly optimistic adoption models and un-
recognized barriers to adopting agricultural technologies. When faced 
with risk and uncertainty, smallholder farmers may apply risk-reduction 
strategies that act as disincentives to invest in agricultural technologies, 
mainly when no risk transfer instruments are available (de Janvry and 
Sadoulet, 2020; Hansen et al., 2019). They plan for the worst scenario by 
investing ex-ante in cropping systems that are less risky but also less 
profitable and thus under-invest in agricultural technologies (Hansen 
et al., 2022, 2019; Zúñiga et al., 2021). These choices may result in low- 
input-low-output cropping systems using home-saved seed. 

Maize is important for the diets and incomes of smallholder farmers 
in sub-Saharan Africa (Prasanna et al., 2021), providing a large fraction 
of household food and income (Boucher et al., 2021). Forty percent of 
Africa's maize-growing areas face occasional droughts resulting in yield 
losses of 10–25% (Fisher et al., 2015; Wossen et al., 2017). Although 
drought-tolerant maize (DTM) varieties are important in maintaining 
production and protecting livelihoods given this weather risk (Boucher 
et al., 2021; Hansen et al., 2019; Teklewold et al., 2020; Wossen et al., 
2017), the uptake of these varieties is slow (Chivasa et al., 2022; Fisher 
et al., 2015; Rutsaert and Donovan, 2020; Takahashi et al., 2020). These 

DTM varieties have a much higher yield potential and are generally 
more drought-tolerant than varieties traditionally grown by smallholder 
farmers (Boucher et al., 2021; Fisher et al., 2015; Prasanna et al., 2021; 
Simtowe et al., 2019; Wossen et al., 2017). While DTM addresses 
weather-related risks, other risks in agriculture can also play a role in 
seed investment choices. Boucher et al. (2021) state that the marginal 
cost of changing from improved varieties to DTM ones is low for farmers 
already purchasing maize seed. However, most smallholders rely on 
home-saved seed (Hoogendoorn et al., 2018; Mastenbroek et al., 2021) 
and would incur high replacement costs. In addition, DTM only protects 
against a single peril (drought). 

Gender influences risk perception in farming communities partly due 
to socio-cultural norms concerning gender and gender-specific house-
hold roles and responsibilities. Empirical research shows that men and 
women have different preferences for selecting crops and varieties, 
whereby women consider food security and risk reduction, while men 
consider high yields (Rengalakshmi et al., 2018; Teklewold et al., 2020). 
For example, Smith, Barrett, and Box show that women's role in food 
preparation can influence their concern for food availability risk (Barrett 
et al., 2001; Smith et al., 2000). Timu and Kramer (2021) highlight 
several reasons why women are more vulnerable to climate-related 
production and income shocks. These include fewer options to manage 
risk because of less ownership and control over productive assets and 
limited mobility to access agricultural services due to time spent on 
reproductive tasks. 

Although women play a crucial role in farming and food production, 
they often face more challenges in adopting agricultural technologies 
when compared to men (Meinzen-Dick et al., 2011). Fisher and Carr 
(2015) indicate that differential access to productive resources in 
Eastern Uganda contributes to men's greater tendency to adopt drought- 
tolerant maize than women's. Teklewold et al. (2020) show that women 
in Tanzania and Uganda, being more risk-averse than men, are less likely 
to adopt DTM varieties if they experience climate shocks or dry spells. 
Cullen et al. (2018) and Quinn et al. (2003), in their research with ag-
riculturalists and pastoralists in Tanzania and Mali, also suggest that 
gender labor roles can influence risk perceptions, as risks associated 
with “natural capital” (i.e., land, weather, livestock disease) are 
perceived higher by men, while those associated with “human capital” 
(i.e., hunger, access to water, access to medical care) are perceived 
higher by women. These gender differences are usually overlooked in 
risk (perception) research, as shown in a global review by Duong et al. 
(2019). Understanding if and how risk perceptions differ by gender will 
allow better targeting of technologies to the needs of specific subgroups 
(Cullen et al., 2018). 

In this study, we detail men's and women's agricultural risk percep-
tions and assess the gendered opportunity context influencing risk per-
ceptions. Subsequently, we discuss the implications of our findings for 
the adoption of drought-tolerant maize varieties. The research question 
is, which agricultural risks and constraints do male and female 
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smallholders in Uganda identify that could pose (additional) barriers to 
adopting DTM varieties? To answer this question, we conducted a 
qualitative study with men's and women's focus groups in three districts 
in Uganda using participatory rural appraisal (PRA) tools. The PRA 
approach seeks community engagement through interactive sessions in 
a focus group setting. The approach empowers groups to assess and 
communicate their views and perceptions on various livelihood issues, 
generally from a gender-differentiated perspective (Mwongera et al., 
2017). PRA tools help visualize, organize, and analyze these views and 
perceptions. 

The gender lens uncovers several differences in risk perceptions. By 
highlighting these differences and drawing attention to the underlying 
gender roles and social norms, we contribute to the debate on 
strengthening the resilience of both male and female smallholder 
farmers. We take a smallholder livelihood perspective, which optimizes 
labor to smooth income and consumption (de Janvry et al., 1991; Har-
wood et al., 1999; Key et al., 2000; Murray-Prior, 1998; Vakis et al., 
2004), and often coincides with the absence of institutional risk man-
agement options (Hansen et al., 2019). As a special case to the insepa-
rability of consumption and production decisions, we find that the 
different agricultural risks are also inseparable in light of credit and 
insurance market failure. In addition to production risks, male and fe-
male smallholders are equally concerned with health-related risks, so-
cial norms and financial constraints. 

Health-related agricultural risks are highest when food is scarce and 
agricultural input investments are needed. This is important because the 
hunger period coincides with the peak agricultural labor period, which 
coincides with the period when families have less money to spend. This 
inseparability of agricultural risks illustrates the importance of a 
multiple-risk management approach in agricultural technology adop-
tion work. Further research is needed to understand the effect of mul-
tiple risks interacting with each other on levels of risk aversion and 
whether there are gender differences. Results would inform the need for 
expanding the scope of agricultural insurance packages, covering mul-
tiple risks, not just production risks, and whether such packages need to 
be tailor-made for men and women in different localities, addressing 
their risk perceptions and livelihood concerns. 

Our research broadens the understanding of how smallholder 
farmers' gendered perceptions of risks shape potential barriers to 
adopting agricultural technologies, specifically drought-tolerant maize 
varieties in Uganda. We argue that the broader agricultural risk spec-
trum beyond climate risk alone could partially explain low adoption 
rates and high reliance on informal seed systems, especially by female 
smallholders. In addition, gender roles and norms tend to limit women's 
access to the formal maize seed system1 for seed and seed information, 
while women rate the impact of crop production risks higher than men. 
Our findings imply that formal and informal seed systems are necessary 
to promote DTM as a pro-poor agricultural risk management opportu-
nity. As a result, male and female smallholders may benefit from more 
deliberate integration of formal and informal maize seed systems. 

The following chapter, methods and materials, contains the research 
design, the conceptual framework, a description of the research area, the 
participatory rural appraisal tools used, and the data analysis process. 
Chapter 3 describes the results, focusing on gender differences in roles, 
access to resources, decision-making, and social norms, followed by the 
results from the risk and concern ranking tool presenting gender dif-
ferences and perceived impacts. Chapter 4 discusses the findings about 
the inseparability of agricultural risks, the gendered opportunity 
context, and their implications for integrated seed system development. 
The last chapter presents the conclusions. 

2. Materials and methods 

2.1. Research design and study area 

This qualitative research is part of a larger project called “Promoting 
uptake of drought-tolerant maize varieties in Uganda” (PROMO).2 The 
PROMO project aimed to investigate barriers to the uptake of drought- 
tolerant maize varieties developed by CIMMYT and partners under the 
‘drought-tolerant maize for Africa seed scaling’ (DTMASS) project.3 The 
premise of our research was that smallholders face a wide range of 
agricultural risks, not only climate or production risks. This qualitative 
research, conducted in April 2019, is a joint scoping exercise with male 
and female smallholder farmers to understand their livelihood risk 
perceptions and probe the nature of risks and gendered opportunity 
context that may inhibit them from investing in DTM seed. We chose 
three regions in Uganda covered by the DTMASS project and targeted 
one district in three different regions. 

Our research focused on smallholder farmers in Uganda, with an 
average holding size of 1.35 Ha (UBOS, 2020). We are interested in their 
perspectives and whether there are gender and contextual differences. 
Due to budget and time limitations, we had to choose between the 
breadth and depth of the study. We opted for four villages in each 
selected district rather than multiple groups in the same village to 
explore gender differences between regions. In each village, we worked 
with one men's and one women's group, thereby creating groups with 
mixed socio-economic backgrounds and age brackets to capture a broad 
range of views. We conducted a deep dive with each group into different 
aspects of their farming systems and livelihoods using different PRA 
tools. We are mindful that male and female smallholders are not ho-
mogeneous categories and that more attention should be drawn to 
intersectionality to tailor pro-poor technologies to the needs of different 
sub-groups. This is a limitation of our study, and as a result, we tend to 
compare between men and women rather than providing a layered 
gender analysis. 

We selected Iganga, Masindi, and Dokolo districts (Fig. 1). The 
choice was guided by regional spread, maize production intensity, 
climate, and promotional activities for drought-tolerant maize varieties 
in these districts. Based on the Uganda Bureau of Statistics (2017), 
Iganga was the leading maize-producing district in the eastern region 
with 303,262 metric tons (MT) annually, approximately 12,6% of the 
total production in Uganda. Masindi was selected because it is a large 
maize seed production district (61,715 MT) and the highest maize- 
producing district in the western region. In the northern region, we 
selected Dokolo district because it was an upcoming maize-producing 
district with vast agricultural land and a high potential for technology 
adoption. It produces approximately 16,921 MT annually (UBOS, 
2017)). 

Table 1 provides a brief overview of the agroecological characteris-
tics of each district using livelihood mapping and zoning (Browne and 
Glaeser, 2010). 

2.2. Conceptual framework 

Our conceptual framework is the agricultural household framework 
using non-separability household models, where households combine 
production and consumption decisions. As a result of multiple market 
imperfections and farm constraints, these households cannot separate 
financial flows for (farm) profit-maximizing and subsequent household 
consumption (de Janvry et al., 1991; Dillon and Barrett, 2017; Kassie 
et al., 2020). However, if markets were complete and competitive, 

1 Farmers access seed through different seed systems, generally labeled as 
formal and informal, whereby the former partly relies on the private sector and 
the latter more on farmer networks. Mastenbroek et al. (2021) describe the 
Ugandan seed sector and its formal and informal seed systems in more detail. 

2 https://knowledge4food.net/research-project/gcp4-promoting-climate-re 
silient-maize-varieties-uganda/  

3 https://www.cimmyt.org/projects/drought-tolerant-maize-for-africa-seed-s 
caling-dtmass/ 
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households could buy and sell labor and land, and buy other inputs at 
independent equilibrium prices. In that case, we can examine produc-
tion and consumption decisions as if they were different problems 
(Dillon and Barrett, 2017). 

When markets do not function well, they generate transaction costs. 
If these are high, they may hamper smallholders from engaging in 
markets to buy or sell, and they depend (partly) on their production for 
consumption (Kassie et al., 2020). These market imperfections stem 
from institutional and infrastructural constraints that impede small-
holders from fully participating in input and output markets. Dillon and 
Barret (2017) show general and structural input market failures in 
Uganda, not specific to any subpopulation or gender, making the 

concept of inseparability applicable to our case. Though markets are 
present and function competitively, they generate low welfare outcomes 
for some groups, leading to low input use as a sub-optimal resource 
allocation from a social perspective (Dillon and Barrett, 2017). 

For smallholders who depend on agriculture, the inseparability of 
production and consumption decisions leads to agricultural risks 
affecting their production and livelihood simultaneously. The insepa-
rability makes the endowment of a household predict input demand 
(Dillon & Barret, 2017). This is relevant because “[p]overty is about 
both the level of consumption and vulnerability. Households are espe-
cially vulnerable when they face risks that are large relative to their 
incomes (as is typically the case for poor farmers) and when these risks 
affect entire communities simultaneously (…). Farmers, keenly aware of 
this, may hold back on investment and thus miss out on opportunities for 
higher income” (Karlan et al., 2014, p598–599). 

In our analytical framework, we distinguish between risks and con-
straints. Risks contain an element of uncertainty, a possibility to cause 
loss, and an effect of the risk (loss). A constraint is a certainty (perma-
nent condition) that leads to sub-optimal outcomes. They are often 
related. The impact of a risk is determined by three variables: an event 
(hazard), a vulnerability, and an exposure. Constraints influence the 
level of vulnerability to risk and the ability to manage the risk (PARM, 
2018). 

To organize sources of risks and constraints, we use the agricultural 
risk categories classified by Harwood et al. (1999): production, market, 
personal, financial, and institutional. Like Osiemo et al. (2021), we 
include both risks and uncertainty in the ‘risk’ concept. We further 
subdivide these risks and constraints based on work done by the Plat-
form for Agricultural Risk Management (PARM http://p4arm.org). We 
included one additional category mentioned by Siegel and Alwang 
(1999), ‘social risks and cultural norms,’ as we also expected barriers to 
the uptake of drought-tolerant maize related to this sphere. We added 
this category under personal risks to address concerns associated with 
cultural norms and social relationships. We also added a second category 
under financial risks to accommodate the budget constraint many 
smallholders face. Most groups referred to this constraint as “poverty”. 
We purposefully added this category as groups frequently mentioned it. 

We analyze these risks and constraints from the field-level perspec-
tive as we are interested in the perceptions of male and female com-
munity members. Table 2 describes the categories that we used in this 
study. If a category only contains risks, we refer to it as a risk. If a 
category only contains constraints, we refer to it as a constraint. Finally, 
if a category includes risks and constraints, we refer to it as concerns. 

Smallholder farmers face two types of production risks. The first 
relates to all management and operational decisions for the farm, 
including all choices on what inputs (land, labor, capital) to use during 
crop production and post-harvest handling. The second is the subcate-
gory ‘weather, biological and environmental related risks,’ which we 
colloquially call ‘climate’ risks. However, this subcategory is broader 
than just climate and weather variability, as shown in Table 2. 

Drawing upon Kabeer (1999) and the Enabling Gender Equality in 
Agricultural and Environmental Innovation (GENNOVATE) project 
(Badstue et al., 2014), we consider women and men have varying ca-
pacities to demand and adopt new technologies due to differing con-
straints on agency and opportunities available to them. GENNOVATE 
notes that agricultural research for development approaches can “often 
overlook the ways in which social norms, attitudes, and distributions of 
power and resources differentially frame women's and men's perceptions 
of, and capacities to seize, opportunities” (Badstue et al., 2020, p. 541). 
Gender norms, referring to societal expectations and roles based on 
gender, women's ability and willingness to express their agency influ-
ence how women engage with and adopt agricultural technologies. 
Introducing new technologies could also involve renegotiating power 
relations to secure benefits for men and women (Farnworth et al., 2020). 
Therefore, our analysis considers factors such as gender roles, control 
over productive resources, voice in agricultural decision-making 

Fig. 1. Map of Uganda with districts of interest circled. 
Source: By UNHCR - https://data2.unhcr.org/en/documents/details/83043, CC 
BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=115943843 – 
accessed 20/05/2023 

Table 1 
Overview of agroecological characteristics per district.  

District Livelihood 
zone 

Rainfall Soil fertility Climatic 
Hazards 

Dokolo Mid-north 
sesame, maize, 
and cassava 

1000–1400 mm 
annually; 2 rainy 
seasons: mid-March 
– Mid-June & mid- 
July – mid- 
November 

Soils are 
moderately 
fertile 

Prolonged 
dry spells, 
crop and 
livestock 
epidemics, 
floods 
Infrequent 
(once in 
5–10 years 

Iganga Southeastern 
maize, beans, 
Robusta 
coffee, and 
cattle 

Not available Not 
available 

Prolonged 
dry spells, 
crop 
diseases, 
livestock 
diseases 

Masindi Bwijanga- 
Pakanyi 
sugarcane, 
maize and 
cassava 

1270–1400 mm 
annually; 2 rainy 
seasons: May – June 
& 
August–November 

Soils are 
relatively 
fertile 

Prolonged 
dry spells 
(once every 
three years) 

Source: Browne and Glaeser (2010). 
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processes, and local normative structures surrounding gender relations 
to assess farmers' risk perceptions and corresponding influences on 
agricultural investment choices. Furthermore, we recognize that 
different groups of women and men can experience challenges in 
adopting drought-tolerant maize due to traits in addition to gender, such 
as ethnicity, wealth class, and life stage (Carr and Thompson, 2014; 
Fisher and Carr, 2015). However, due to project-related and other lim-
itations, we compared trends between aggregate groups of women and 
men for this study. 

Perceptions of agricultural risks influence farmers' responses to these 
risks (Duong et al., 2019). Risk perceptions refer to people's judgment 
and evaluation of shocks/hazards to which they may be exposed 
(Rohrmann, 2008). They can best be understood as a network of inter-
related notions of uncertainty, their effects, and uncertain outcomes 
(van Winsen et al., 2013). Such perceptions steer decisions about which 
risks are acceptable and which are not. These appraisals are a complex 
result of the hazard, personal philosophy, and experiences embedded in 
culture, norms, and value systems (Rohrmann, 2008). 

2.3. Participatory rural appraisal tools 

To enable us to answer the research questions, we applied qualitative 
research methods. We worked with separate men's and women's groups 
to enable us to compare the responses from men and women and note 
gender differences. We used Participatory Rural Appraisal (PRA) tools to 
secure the maximum engagement of community members. The tools 
used for this research are a historical timeline, village resource mapping, 
four cells analysis, seasonal calendars, focus group discussions on maize, 
and matrix scoring on major risks and concerns. All tools were selected 
to address different aspects of the gender analysis and to map the risk 
perceptions and subsequent barriers to the uptake of DTM varieties. In 
this section, we briefly describe the tools. More details can be found in 
Appendix 1 in the supplementary data containing the facilitator's 
instructions. 

A historical timeline is a participatory tool that identifies major 
events in the community and how these events affect livelihoods over 
time. We focused on how events affected agricultural development in 
the communities. The tool covered weather variability and familiar 
drivers/causes of changes in climate, frequency of severe climate events 
and how communities cope with them, relevant developments in 
infrastructure, important initiatives to support crop production and seed 
systems, and other events that affected agricultural development in the 
community. 

A seasonal calendar explores seasonal patterns (e.g., gender-specific 

Table 2 
Description of risk and constraint categories in the agricultural sector.  

Cluster of concerns Category Description 

Production – uncertain 
natural growth 
processesa 

Management and 
operational risks & 
constraints 

Risks: Uninformed or poor 
management decisions in 
asset allocation, choices of 
crops, and seed, sowing 
time, equipment; use of 
inputs, planning errors, 
breakdowns in equipment, 
inability to adapt to 
changesb 

Constraints: availability of 
land, skills, and equipmentc 

Weather, biological, 
and environmental- 
related risks 

Periodic deficit or excess 
rainfall or temperature, 
(hail) storms, changes in 
cropping patterns, crop and 
livestock pests and diseases, 
and contamination and 
degradation of natural 
resourcesb and climate 
change 

Market – price, costs, 
market accessa 

Logistical and 
infrastructural risks 
& constraints 

Risks: Changes in access 
(physical or economic) to 
transport, communication, 
energy, degraded transport, 
or energy infrastructure due 
to physical destruction or 
lack of maintenance. Delays 
and disruptions of charges 
along the value chainsb 

Constraint: availability of 
roads, markets, and 
enterprisesc 

Price risks Fluctuations in output 
prices due to different 
causes, such as changes in 
national, regional, or 
international supply and/or 
demand that impact 
markets, changes in demand 
for quantity and/or quality 
attributes, changes in food 
safety and production 
requirementsb 

Personal – human health 
and personal 
relationshipsa 

Health risks Health risks for farming 
households and farm 
workers; production failure 
for health and/or food 
insecurity reasonsb 

Social risks and 
cultural norms 

Risks associated with social 
ties and social networksd (p8) 

Concerns related to needs 
for social support, safety 
nets, and welfare services. 
Social or culturally 
influenced threats such as 
intra-household and intra- 
communal conflicts (e.g., on 
land ownership, social 
norms on labor division, 
domestic violence)c 

Financial - associated with 
how the farm is financed 
& additional variability 
of cash flowa 

Financial constraints 
(Poverty) 

Concerns related to general 
poverty, generic lack of 
money in households, low 
levels of cash flow within 
semi-subsistent householdsc 

Access to credit and 
other financial 
products 

Risks related to the 
financing of the farm; 
access, costs, collateral, 
and/or grace period of 
financial products, 
availability of financial 
products, and suitability of 
financial products to the 
agricultural sectora  

Table 2 (continued ) 

Cluster of concerns Category Description 

Institutional – 
(unpredictable) changes 
in policies and 
regulationsa 

Institutional risks & 
constraints 

Risks: Changing or 
uncertain policies and weak 
enforcement of those 
monetary, fiscal/tax, and 
financial policies; 
unpredictable regulatory 
and legal measures; trade 
and market disruptions; 
uncertainty in land tenure, 
governance uncertainty; 
conflicts and political or 
labor disputes, corruption, 
weak institutionsb 

Constraints: lack of 
employment opportunities 
and education, school drop- 
outsc  

a Komarek et al. (2020) p3. 
b TOR PARM Risk assessment Table 1 (PARM, 2014). 
c Our own description. 
d Siegel and Alwang (1999). 
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workload, diseases, income, expenditure, etc.). The objective is to map 
the seasonality of agricultural and non-agricultural workload, food 
availability, human diseases, gender-specific income and expenditure, 
water sources, forage, credit, and holidays. We inquired about the most 
critical activities associated with cultivating maize and one other main 
crop, and the household and income-generating activities. We listed the 
month they occurred the previous year to keep the exercise concrete and 
easy to recall. The tool captured the productive and reproductive tasks, 
who is responsible for that task (women, men, girls, or boys), who makes 
decisions about that task, and what equipment is used to carry out the 
task. In addition, we documented who controls the income generated 
from these activities. We also collected information on what time of year 
sickness peaks, when food and money are scarce, and whether 
borrowing options exist. 

The four-cell analysis tool is used to make a quick inventory of crop 
coverage in the village. It uses two key variables: production area and 
the relative number of households growing the crops or varieties. These 
variables are organized into four different cells (a) crops or varieties 
grown by many households in large production areas, (b) crops or va-
rieties grown by many households in small production areas, (c) crops or 
varieties grown by few households in large production areas, and (d) 
crops or varieties grown by few households in small production areas. 
The tool gives us insight into what crops are commonly grown, reasons 
for placing crops in their particular cell, their role (food, cash, or both), 
and what role maize plays in the farming systems. 

The focus group discussion on maize seed buying behavior is used to 
understand why smallholder farmers generally do not buy quality seed 
from agro-dealers and seed companies. We probed the reasons farmers 
provided in surveys (for example, the seed is expensive, no access to 
seed, and insufficient information). We collected data on primary seed 
sources, decision-making in seed selection, trust in different seed sour-
ces, knowledge of hybrids and DTM varieties, and fertilizer use. 

The risk and concern ranking tool helps to identify the risks and 
constraints farmers face related to agriculture and assess their percep-
tions of the most pressing ones. Rather than using the predefined risk 
categories described in the conceptual framework, the groups started by 
brainstorming about the concerns/problems they faced in providing for 
the family. These were listed on a flip chart (in a table). Next, up to five 
risks and constraints were documented. We used a matrix to conduct 
pairwise ranking, comparing each of the five concerns against the 
others. We then counted the number of times a concern was listed in the 
matrix and ranked them based on the frequency. Eight out of 12 men's 
groups and six out of 11 women's groups were consistent4 in their 
ranking. For all groups, except one women's group, the highest rank 
(rank 1) was consistently chosen over other concerns, and for most 
groups, the second and third ranks were also consistent. Once the ranks 
were determined, the ranked concerns/problems were transferred to a 
table using flip charts. Next, the groups discussed the severity of the 
effects of each concern using the question: How bad are the effects of the 
concern/problem, high, medium, or low? Finally, the groups indicated 
whether the concern was common or not. 

2.4. Fieldwork 

The study was conducted in twelve villages, four in each district, in 
April 2019. One men's and one women's group were interviewed in each 
village. The groups comprised smallholder farmers of different age 
brackets, representing young and older farmers. A facilitator and 
enumerator conducted a session with each group in the local language. 
The agricultural officer employed by the Ministry of Agriculture mobi-
lized the participants and supported the data collection process. Each 

group session lasted around 4–5 h. The facilitators worked with flip-
charts and markers to visualize the tools with the group members. In 
addition, the information was recorded on answer sheets by the enu-
merators. We conducted a three-day training for the facilitators and 
enumerators and a pre-test in Mukono district. More information on the 
fieldwork process is provided in Appendix A, supplementary 
information. 

2.5. Data analysis 

Once the fieldwork was completed, the facilitators and enumerators 
documented the data at the group level and put the information in 
village-level reports using a fixed format. We analyzed the data per tool 
manually and aggregated the data from the group to the village to dis-
trict level for men's and women's group responses. We synthesized the 
information and trends at the district level and by men's and women's 
groups to present a gender and a geographical lens. 

The risk and concern ranking underwent additional manipulation, 
which we describe here. During data analysis, we categorized the con-
cerns/risks/issues mentioned according to the different risk and 
constraint categories described in the conceptual framework (Table 2). 
A group could have more than one response in a category, as some 
concerns fit in the same category. 

We worked with four men's and four women's groups in each district. 
Each group listed (up to) five concerns. As a result, in each district, both 
men's and women's groups ranked in total 20 concerns, except in 
Dokolo, where one women's group listed only four concerns (resulting in 
19 ranked concerns), and in Iganga, where a women's group did not 
conduct the exercise due to time limitations (resulting in 15 ranked 
concerns). The data were analyzed using Excel and STATA. 

We calculated the perceived impact by multiplying rank times 
severity of the concern/risk as follows. First, we gave a weight to the 
rank (rank 1 received a weight of 5 points, going down to rank 5, which 
received the lowest weight of 1 point). Then, since the groups indicated 
the severity of the risk/concern in terms of low, medium, and high, we 
assigned a second weight: 1 point for low, 3 points for medium, and 5 
points for high. These were multiplied and averaged by the number of 
responses, giving the scores for each category (rank * severity). These 
scores ranged from 1 to 25, with 25 being the highest impact. We then 
ran a simple regression to assess the impact and test if there are gender 
and district differences in these categories. We clustered the standard 
errors by group ID. 

3. Results 

This chapter presents the results from the group discussions and PRA 
tools. We briefly describe the seed systems used and highlight the gender 
differences. We then analyze the gender differences in roles, access to 
resources, decision-making power, and socio-normative environment 
using the information provided by the different tools. Subsequently, we 
present the main risk and constraints ranking results and highlight the 
gender differences. 

3.1. Maize seed systems 

Results from the four-cell analysis show that the smallholders have 
diversified cropping systems, which spreads production and income 
risks. Both men's and women's groups in all villages mention that many 
farmers grow maize for food and income. This is not surprising consid-
ering that we selected maize-growing districts. 

Results from the historic timeline on major crop and seed system 
initiatives document initiatives by government extension and input 
distribution programs (NAADS, Operation Wealth Creation) and NGOs. 
Some men's and a few women's groups indicate that these initiatives 
linked to access to new seed varieties resulted in higher maize yields, 
easy access to extension services, and better food security. More men's 

4 Consistency means whether a group ranked the concerns in a logical order. 
Thus, when rating concern 1 more important than concerns 2 and 3, concern 3 
should be rated lower than concern 1. 
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groups in Masindi and Iganga report receiving extension services than 
men's groups in Dokolo and all women's groups. 

Results from focus group discussions on maize seed show that men's 
and women's groups mention five and eight varieties as most common in 
their villages. Men and women in all districts mention Longe 5 (an open- 
pollinated variety (OPV)), Longe 10H (hybrid), and local varieties as the 
most common maize varieties grown. Longe 5 and Longe 10H have 
frequently been part of free government and NGO seed distributions, 
which may explain why groups could mention these variety names. 
These older maize varieties are relatively more susceptible to droughts, 
pests, and diseases than the recently released drought-tolerant varieties. 
In Uganda, all varieties released from 2012 onwards are drought- 
tolerant hybrids; no open-pollinated varieties were released from 
(public) breeding institutes. 

Groups mention that farmers access seed from formal and informal 
seed systems. Compared to other districts, men and women in Dokolo 
list informal sources more often than formal ones. In Iganga men 
mention formal sources more frequently than women. In Masindi, we 
note no gender differences, and both sources are equally mentioned. 
Some farmers buy seed from agro-dealers in at least half of the villages. 
Levels of trust in agro-dealers vary between groups and group members. 
Groups indicate that getting high-yielding varieties is the main reason 
for buying seed from agro-dealers. In contrast, groups mentioned the 
seed price and fear of buying counterfeit/fake seed as the major 
deterrents. 

Apart from women's groups in Dokolo, the other groups tend to know 
what hybrids are. At the same time, it should be noted that women in 
Dokolo mention Longe 10H as one of the most common varieties in the 
village, indicating an information gap in labeling. Most groups do not 
know the yield potential of these varieties, with women estimating 
lower yield potentials. 

Major deterrents for using hybrids are lack of funds, seed price, and 
the need for fertilizer, with women's groups more often mentioning lack 
of funds and men's groups mentioning more often high seed price. 
Drought-tolerant maize varieties are less known than hybrid seed by 
women, except for women in Masindi. Across districts and groups, 
reasons for not buying DTM are high seed prices and insufficient 
knowledge about DTM, the latter particularly mentioned by women. We 
note that only three groups mention the recently released drought- 
tolerant hybrids. 

Groups indicate that the primary sources of information about maize 
varieties were NGOs, government, radio messaging, fellow farmers, and 
personal experiences, whereby we note that women's groups indicate 
that women have less access to extension services than men. About half 
the women's groups mention relying on fellow farmers, while none of 
the men's groups mention this. Men mention support from government, 
NGO, or seed company extension workers in variety selection more often 
than women. 

3.2. Gender analysis 

The results of the seasonal calendar tool illustrate the gendered 
power dynamics in maize cultivation and their variation across the three 
districts concerning gendered perceptions of power and control at key 
points along the maize value chain. While men's and women's groups 
tend to indicate that both women and men participate in maize seed 
sourcing and buying and are responsible for the decision-making over it, 
women's groups in Iganga note that women alone participate in maize 
seed sourcing and buying and that they alone make decisions over it. 
Men's and women's groups also tend to note that both women and men 
participate in maize marketing and make decisions about it. However, 
results from men's and women's groups from Iganga district suggest a 
disparity in perceptions of responsibility and control over sales, with 
men's groups in Iganga highlighting that men alone make decisions over 
sales and women's responses from Iganga showing some perceptions of 
women's sole control over sales decision-making. 

In Iganga and Masindi districts, men's groups highlight that men 
alone control income from maize sales. In comparison, women's groups' 
responses tend to vary across Iganga and Masindi (noting men alone, 
women alone, and both women and men). Results from Dokolo district 
also highlight a gender disparity in perceptions of maize income control, 
with women's groups emphasizing that men alone control the income 
from maize sales, and men's groups tend to note that both women and 
men have maize income control. 

Results from the seasonal calendar and other tools on discussions of 
typical male and female activities show more gender-inappropriate be-
haviors for women than men, suggesting that norms can be more con-
straining for women than men. However, district-specific trends also 
suggest variation in how constraining norms are in practice, dependent 
on the context and sphere of control being influenced. Women's and 
men's groups in Masindi may agree more about women's and men's 
appropriate roles than in other districts. Moreover, women in Masindi 
tend to note that men and women share home-care responsibilities like 
meal preparation and caring for sick family members. In contrast, men's 
and women's responses in Dokolo tend to coincide in affirming the ri-
gidity of gender-specific, socially ascribed roles. For example, although 
women's and men's groups in Masindi and Iganga tend to note that there 
were no typically female activities that would be inappropriate for men, 
women and men in Dokolo mention several such activities, including 
preparing and serving meals. Women's and men's groups in Iganga and 
women's groups in Masindi more often report marital issues as concerns 
compared to other groups in other districts. Although additional 
research is necessary, coupled with the findings of disagreement be-
tween women's and men's perceptions of women's autonomous control 
over maize sourcing and sales, the results suggest tension and potential 
male resistance to assertive roles women seek in maize cultivation in 
Iganga and possibly Masindi. 

Results from other PRA tools (resource mapping, four-cell analysis, 
and maize focus group discussions) illuminate gendered control over 
other assets, resources, and information. Across districts, both men's and 
women's responses highlight that men control land. More opportunities 
for shared control by women and men are noted for other natural re-
sources; however, some women's groups report shared control more 
often than men report shared control. Women also rarely make land use 
decisions independently; results show that men alone or both men and 
women make land use decisions. Who in the household controls income 
from productive activities depends on the activity and the context; 
however, women report autonomous control over income-generating 
activities such as mat-making and tailoring. Results suggest women 
may have less access to extension services and agro-dealers than men. In 
addition, men tend to know more about hybrid maize and drought- 
tolerant seed than women, except for women in Masindi, suggesting 
men's greater access to information on agricultural technologies. 

Results from the seasonal calendar show that the hunger period co-
incides with the peak agricultural labor period. This is also the period 
when sickness is common. This means that during the peak agricultural 
period, when family labor is needed to cultivate crops, men and women 
may be physically weakest due to food scarcity and sickness. This period 
also overlaps with households having less money available (to buy food 
and pay for medical care). 

Other results highlight women's role in homecare. In Dokolo and 
Iganga and, to a lesser extent, in Masindi, women tend to be responsible 
for most of the reproductive work, including caring for the sick, as well 
as for crop production and some forms of income generation. Results 
from the four-cell analysis also show that women may seek to derive a 
dual purpose (subsistence and commercial) from more crops than men, 
while in some cases, men may focus more on the cash purpose/value of 
crops. 

In sum, the gender analysis provides an important context for 
assessing farmers' risk perceptions. The analysis shows contested, 
gendered power over maize cultivation in Iganga, with women and men 
active in key roles and responsibilities for its cultivation across districts. 
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Compared to men, women may face limited access and control over 
major resources like land, monetary income, agricultural training, and 
technological information. Some normative shifts are occurring, for 
example, around who is responsible for homecare amongst villages in 
Masindi. 

3.3. Risk, constraints, and perceptions 

Table 3 provides an overview of the constraints and risks reported by 
men's and women's groups in the districts, irrespective of the ranking. 
Forty percent of the issues are constraints, while 60 % are classified as 
risks associated with agriculture and livelihoods. Health-related con-
cerns are most frequently mentioned, followed by financial constraints 
and social norm risks, and only then climate risks. 

The health risks include human diseases, famine, and food shortage. 
Lack of food and famine are health issues because hunger affects the 
ability to work and increases the chances of getting sick. Therefore, 
these directly affect the household's capabilities to manage their agri-
cultural risks. Groups mention access to water and health facilities as 
health constraints. 

In the climate category, all mentioned issues are associated with 
risks: droughts, other weather-related risks, pests, and plant diseases. 
Under crop management, constraints include land shortage and insuf-
ficient skills and equipment, while seed quality and soil fertility are 
considered risks. All price risks involve uncertain output market prices, 

with all men's groups in Masindi mentioning the fluctuating and low 
maize grain prices. 

The financial category encompasses poverty and lack of money, with 
no mention of access to credit or other financial products. The social 
norms category includes risks associated with domestic tension and 
violence, immorality, insecurity, and mistrust amongst partners. We 
specifically note the district differences related to domestic tensions and 
violence. Only one men's and one women's group in Dokolo mention 
domestic violence, while in Iganga, three men's and two women's groups 
note these, and in Masindi, all women's groups and none of the men's 
groups. 

Institutional constraints include unemployment, illiteracy, and lack 
of education, while the institutional risk category includes only one 
mention of bad leadership. Infrastructural constraints highlight the 
absence of roads, physical markets, and shops. No logistical concerns are 
mentioned in this category. 

Fig. 2 illustrates how men's and women's groups perceive the severity 
of the effects of the concerns if they materialize. We display only those 
pie charts with at least three responses for both men's and women's 
groups. Men's and women's groups classified 55% and 74% of the con-
cerns as having severe consequences, respectively. We observe gender 
differences in the crop management, health, and financial categories, 
whereby crop management (though a small sample) and health are most 
noticeable. For health and crop management concerns, women rate the 
effects higher than men, while men rate the effects higher for financial 
constraints. In Masindi, 73% of the responses are in the high severity 
category, compared to 60% in Dokolo and Iganga. In line with contested 
gender power over maize cultivation discussed in the previous section, 
groups in Iganga perceive the effects of social norm risks as most severe, 
followed by Masindi and Dokolo. 

Table 4 summarizes the perceived impact of agricultural concerns on 
the livelihoods of those groups that mention those concerns. We only 
display results for categories with multiple responses for men's and 
women's groups. Women's groups mention climate risks more often than 
men's groups. When we compare groups that mention them, women and 
men perceive the effect of a climate shock equally and the highest 
amongst all categories. Women rank crop management risks and their 
impact much higher than men. Men mention health-related concerns 
more often than women, while women perceive the severity of disease 
and food insecurity as higher. As a result, women who mention health- 
related concerns perceive the impact as significantly higher than men. 
Men rank financial constraints higher than women, with noticeable 
differences in the first two ranks. Nonetheless, men and women equally 
perceive the severity of the constraint as high. As a result, men who 
mentioned financial constraints perceive the impact as high, while 
women perceive the impact as a little lower. All men's groups in Masindi 
and one in Dokolo mention output price risks, while only one women's 
group lists price risks. Those men's groups mentioning price risk 
perceive the impact of output prices as moderate. Using a multivariate 
logistics regression, we checked whether men's or women's groups were 
more likely to mention a particular category more frequently. This was 
not the case. Overall, summarizing Table 4, women perceive a relatively 
higher impact of crop production and health risks, while men perceive a 
somewhat higher impact of financial constraints and price risks. Men 
and women perceive the impact of climate risks as equally high and 
social norm risks as equally moderate. 

Table 4 compares the gender differences in impact scores based on 
the number of responses (N). Meanwhile, Table 5 below shows the 
average scores for each category amongst men's and women's groups for 
each district (total score per category and district divided by the number 
of men's or women's groups in that district (N)). While Table 4 shows 
some noteworthy gender differences, Table 5 cautions us against broad 
gender generalizations, highlighting distinct perceptions between men's 
and women's groups across the districts. In the subsequent paragraphs, 
we explore some of these differences, drawing connections to the results 
presented in sections on maize seed systems and gender analysis. 

Table 3 
Constraints and risks by men's and women's groups and district.  

Constraints & 
Risk 

Gender District Total 

Men's 
group 

Women's 
group 

Dokolo Iganga Masindi  

Climate 4 8 5 6 1 12 
Management 3 6 6 2 1 9 
Price 5 1 1 1 4 6 
Health 22 15 16 8 13 37 
Social 6 10 3 4 9 16 
Financial 11 10 6 6 9 21 
Institutional 8 1 1 5 3 9 
Infrastructural 1 3 1 3  4 
Total 60 54 39 35 40 114   

Constraints Gender District Total 

Men's 
group 

Women's 
group 

Dokolo Iganga Masindi  

Climate       
Management 2 4 4 1 1 6 
Price       
Health 5 5 4 1 5 10 
Social       
Financial 11 10 6 6 9 21 
Institutional 8  1 4 3 8 
Infrastructural 1 3 1 3  4 
Total 27 22 16 15 18 49   

Risk Gender District Total 

Men's 
group 

Women's 
group 

Dokolo Iganga Masindi  

Climate 4 8 5 6 1 12 
Management 1 2 2 1  3 
Price 5 1 1 1 4 6 
Health 17 10 12 7 8 27 
Social 6 10 3 4 9 16 
Financial       
Institutional  1  1  1 
Infrastructural       
Total 33 32 23 20 22 65 

Note: Bold numbers represent the highest frequency per category and column. 
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Health risks relate to both the role of provider for the family, paying 
medical bills, and the role of caregiver, attending to the sick. Depending 
on the food availability and disease pressure, this may affect men and 
women in different districts differently. We observe variation in the 
perceived impact of health risks between men's and women's groups in 
different districts. Only women in Dokolo and men in Masindi and 

Dokolo rate the impact as high. This is contrary to the overall rating in 
Table 5, suggesting an equally high impact, and Table 4, suggesting a 
significantly higher impact for women than men who mention health 
risks. Examining the ranking of women's groups in Iganga and Masindi, 
other concerns take precedence over health risks. In Iganga, crop pro-
duction risks and infrastructural concerns are deemed higher, while in 
Masindi, risks related to social norms and financial constraints are 
prioritized. 

The risk and concern ranking shows more similarity between men's 
and women's responses in Dokolo than in Masindi and Iganga. Men's and 
women's groups in Dokolo share similar concerns in the risk and 
constraint ranking, with health concerns topping the list, followed by 
financial, climate, and crop management concerns. Compared to other 
districts, we note that men's and women's groups in Dokolo mention 
extension services less frequently and use of informal seed sources more 
frequently. This may relate to the perceived impact of crop management 
and climate concerns by both men's and women's groups in Dokolo. Also 
notable is that men's and women's groups in Dokolo rate the impact of 
the social norm category comparatively lower than groups in other 

Fig. 2. Rating of the severity of effects of the risks and constraints by category and gender.  

Table 4 
Perceived impact of risk in agriculture on livelihoods (rank * severity).   

Impact 
Climate 

Impact Crop 
management 

Impact 
Health 

Impact 
Social 

Impact 
Financial 

Female − 0.63 10** 3.97* 1.63 − 5.53+

(2.67) (2.44) (1.74) (3.21) (2.68) 
constant 18.5*** 6.67*** 10.5*** 7.67* 17.7***  

(2.23) (0.91) (1.03) (2.84) (2.01) 
N 12 9 37 16 21 

Standard errors in parenthesis and clustered by group ID, + p < 0.1, * p < 0.05, 
** p < 0.01, *** p < 0.001, score ranges from 1 to 25, with 25 being the highest 
impact. N = number of observations. 

Table 5 
Average score for each category for men's and women's groups by district.   

Dokolo Iganga Masindi Total 

Category Men's groups Women's groups Men's groups Women's groups Men's groups Women's groups Men's groups Women's groups 

Climate 10.0 12.3 8.5 23.0 – 6.3 6.2 13.0 
Crop management 5.0 11.3 – 10.0 – 6.3 1.7 9.1 
Price 2.5 – – 1.0 15.5 – 6.0 0.3 
Health 19.0 26.8 14.3 6.7 24.5 7.5 19.3 19.7 
Social 1.3 3.0 6.5 3.3 3.8 17.8 3.8 8.5 
Financial 13.0 10.0 21.3 7.0 14.5 15.3 16.3 11.1 
Institutional 0.5 – 10.0 1.7 6.3 – 5.6 0.5 
Infrastructural 0.8 – – 14.3 – – 0.3 3.9 
Number of groups 4 4 4 3 4 4 12 11 

Note: The minimum score for a concern is 1 and the maximum score is 25. Some groups mentioned more than one concern in a category. 
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districts. At the same time, we note more stringent norms and traditional 
role patterns in Dokolo, which appear less contested. 

In Iganga, women's groups highlight the highest impact of climate 
risks, followed by infrastructural constraints (absence of shops, markets, 
and roads). They also mention informal seed sources more often and 
access to extension services less often. In addition, we also note con-
tested responses between men's and women's groups on women's 
participation in decision-making and control over income. Though 
highly speculative, women in Iganga might feel constrained by the 
informal seed sources and may desire closer access to shops and markets 
for greater control over their productive tasks, and managing climate 
and crop risks. In line with the gender role of providing for the family, 
men perceive a higher impact of financial concerns. While contested 
responses exist over agricultural decision-making and income control in 
Iganga, women perceive the impact of social norms similarly to those in 
Dokolo. Men in Iganga perceive the impact higher than women in Iganga 
and men in Dokolo and Masindi, yet ranking them lowest of the 
mentioned categories. 

Compared to women's groups in Dokolo and Iganga, women in 
Masindi perceive a lower impact of crop management and climate risks. 
They mention knowledge of DTM more often than women in other 
districts. Although we notice shifting reproductive gender roles in 
Masindi, women there perceive the highest impact of the social norm 
risks, surpassing those in other districts and all men's groups. 

4. Discussion 

Following Hansen et al. (2019), DTM varieties are a pro-poor tech-
nology benefiting smallholder farmers in their idiosyncratic risk man-
agement. As summarized by Kramer and Trachtman (2023), the 
typically identified barriers to seed adoption include mismatch between 
financial flows, production risks, and lack of information. Our results 
add a broader risk spectrum and an engendered opportunity context to 
the barriers of uptake. We first discuss the gender roles, norms, and risk 
perceptions in relation to access to DTM and place our findings within 
existing literature. Then, we discuss the inseparability of risks and 
constraints and relate this to risk aversion and broadening the scope of 
agricultural risk management interventions to support the uptake of 
DTM technologies in the formal seed system. The last section discusses 
how DTM could become more inclusive in terms of access to genetic 
gains, integrating the strengths of formal and informal seed systems. 

4.1. Gender, risk perceptions and uptake of DTM varieties 

In line with Voss et al. (2021) and others, our gender analysis shows 
that maize is neither a women's nor a men's crop and is grown for 
household food and income generation. Our findings show that women 
might not always have the final say in seed-sourcing and land use de-
cisions, but they play a substantial role in decision-making. We note 
differences between women's and men's groups concerning women's 
involvement in decision-making processes, which could suggest that 
women and men have different perceptions of how household decisions 
are carried out. This aligns with other research like Acosta et al. (2019). 

Based on the risk perception analysis alone, women ought to be just 
as interested as men, if not more, in adopting DTM to mitigate several 
risks, including those related to crop management, health, and climate. 
However, the gendered opportunity context can disfavor women's 
technology adoption compared to men. Our results indicate that women, 
except those in Masindi, are less aware of DTM varieties, generally 
disseminated through the formal seed system. One of the reasons may be 
that the sources of information for women are often skewed toward 
family and friends and for men toward extension services and agro- 
dealers (Fisher et al., 2019; Voss et al., 2021). This aligns with our 
findings that women have less access to agro-dealer shops for seed and 
information. Simtowe et al. (2019) found that relying on social networks 
for information reduces the propensity to adopt through the formal seed 

system by 9%. Without access to information and input channels more 
typical for men's use, women may have reduced capacity to seize the 
opportunity of DTM (Badstue et al., 2020). With this in mind, any 
awareness-raising on the benefits of DTM varieties should target both 
women and men, addressing their varying gender roles, using tailor- 
made messaging and different formal and informal seed system 
communication channels. For example, to reach more women seed de-
livery interventions could use of more traditional domains for women, 
such as those linked to health and nutrition, and could promote infor-
mation provision by women to women (Kramer and Trachtman, 2023). 

Financial constraints directly influence the economic access to and 
affordability of DTM varieties. Indirectly, control over the benefits of 
using DTM seed also affects economic access and affordability. We have 
seen that both men and women face financial constraints, with men 
experiencing a higher impact, aligning with their role as providers. At 
the same time, women are less in control of the benefits of maize grain 
sales (Voss et al., 2021), limiting their options to mitigate climate and 
production risks. In addition, as a result of gendered norms, women tend 
to face mobility limitations hampering access to DTM varieties. Gender- 
related barriers to accessing DTM could be addressed through programs 
that respond to women's travel limitations and bring seed to alternative 
sales points closer to women's reach, accompanied by gender trans-
formative engagement in communities to address structural barriers for 
women. Alternatively, free or subsidized seed distribution may be a 
pathway to increase access to resource-constrained men and women, as 
newly released DTM varieties are only available in the formal seed 
system. 

Fisher et al. (2019) found that lower awareness of women can be 
explained by formal educational attainment, access to extension ser-
vices, and characteristics of male and female social networks in Uganda. 
When controlling for these characteristics and others, such as capital, 
labor, and decision-making, the association between gender and 
awareness disappears (Fisher et al., 2019; Kramer and Trachtman, 2023; 
Voss et al., 2021). Many of these factors are mediated by socio-cultural 
norms surrounding gender. Our gender and risk perception analyses 
could call into question whether DTM - or, rather, DTM alone - is the 
most effective intervention for enhancing women's resilience to climate 
change and reducing gender disparities in climate change vulnerabil-
ities. Climate services, training on improved agronomic practices (i.e., 
climate-smart agriculture) for crops that women have autonomous 
control over, and economic support for women's non-agricultural live-
lihood production could benefit women and help build resilience. 

Furthermore, although contexts vary, it is possible that women- 
specific targeting of technological information and agricultural inputs 
could meet with male resistance as much as such targeting signifies 
women playing roles in agricultural production and income generation 
that have been typically men's. Similarly, we have seen more stringent 
gender norms in Dokolo, which seem less contested than in other dis-
tricts. In Masindi, gender roles are changing, while at the same time, 
women's groups ranked the impact of risks related to social norms as the 
highest. Gender transformative approaches (GTA) can, therefore, be 
important because they engage with the complexity of gender to support 
women and men to act on the (context-specific) norms, attitudes, and 
broader structural constraints that limit their opportunities and out-
comes (Farnworth et al., 2020). 

4.2. Inseparability of risks in smallholder farming systems 

Our explorative research found that agricultural decisions, and thus 
the uptake of DTM varieties, may be affected not only by production 
risks but also by health risks, risks related to social norms, and financial 
constraints. Our analysis suggests that these agricultural risks are 
inseparable. This non-separability of different risks in agriculture is 
caused by credit and insurance market imperfections that do not allow 
all risks to be separately or simultaneously insured and do not provide 
(sufficient) financial services during peak periods. Inseparability has 
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implications for agricultural risk management interventions and, sub-
sequently, the uptake of (hybrid) DTM varieties. For example, without 
access to financial markets, households need buffers to ‘self’ insure 
against medical bills due to health-related risks. This leads to choices, 
amongst others, between investing in DTM seed or keeping a financial 
buffer for sickness. In addition, the risk of illness in the family poses a 
risk of losing the monetary investment in seed if good agronomic prac-
tices cannot be applied to manage crop production and climate risks. 

Herberich and List (2012) show that the interplay of different risks 
(background risks) on production risks, such as uninsured labor risks, 
could increase the level of risk aversion of farmers. Therefore, it would 
be instrumental to empirically test whether health risks and financial 
constraints play a role when men and women make seed investment 
decisions in unpredictable weather conditions and whether a combina-
tion of risks increases the level of risk aversion. In addition, considering 
the gender differences in perceived risks in agriculture and in the socio- 
normative environment, it would be good to test whether different risk 
combinations affect men and women differently and lead to different 
(localized) agricultural investment choices. 

The findings of such research may inform whether existing crop in-
surance could benefit from a broadening of scope. For example, adding a 
health component could promote agricultural investments for under- 
served smallholders, as agricultural insurance covers crop yield losses 
but does not insure against labor shortfalls and other agricultural risks 
(Kramer et al., 2022). In addition, as women may be more risk-averse 
than men in adopting DTM in the face of climate shocks (Teklewold 
et al., 2020), such research would inform whether gender-specific in-
terventions are needed to address male and female risk aversion 
preferences. 

4.3. Implications for integrated maize seed sector development 

Our findings suggest that the use of home-saved seed may be, 
amongst others, a result of the inseparability of agricultural risks and 
gender roles and norms, deterring investment in DTM seed. The costs of 
shifting from home-saved (free) seed to the newer (hybrid) DTM vari-
eties are high for smallholders facing poverty as risks are inseparable, 
and financial markets and risk management institutions do not function 
well for them. As a result of these market imperfections, endowment 
predicts input demand (Dillon and Barrett, 2017), creating unequal 
access to (hybrid) DTM varieties. This may partly explain why the 
formal seed system works, and agro-dealers are used to purchase seed, 
but only for more commercially oriented smallholders. 

Our findings highlight that access to the formal seed system is in part 
context specific. Men in Iganga and Masindi more frequently mentioned 
access to the formal seed system, while in Dokolo, like women's groups 
in Dokolo and Iganga, mention informal seed sources more frequently. 

To promote DTM as an inclusive and pro-poor idiosyncratic risk 
management solution, public variety development could also invest in 
open-pollinated drought-tolerant maize varieties that can be dissemi-
nated through formal and informal distribution channels. The informal 
system would primarily focus on OPVs, and the formal system would 
primarily involve hybrids. OPVs have a higher potential for diffusion 
through farmer-to-farmer networks and genetic improvement of home- 
saved seed. Particularly women would benefit as they access informa-
tion and seed more often through informal channels. The investment in 
OPVs would facilitate more exchange between formal and informal 
systems, increasing access to improved varieties for men and women 
who do not use markets due to norms, risks in agriculture and financial 
constraints. 

5. Conclusions 

This study addressed which agricultural risks and constraints male 
and female smallholders in Uganda experience, how gender roles and 
norms may influence risk perceptions, and how these perceptions could 

pose additional barriers to adopting DTM varieties. We show that male 
and female smallholder farmers face several agricultural risks and con-
straints that go beyond the conventional research emphasis on produc-
tion related risks such as climate change and crop management. 

We find different risk perceptions between men's and women's 
groups conditioned by the socio-cultural normative environment, 
gender-prescribed roles, and gender differences in access to resources 
and agricultural decision-making. We note several gender trends, 
whereby women tend to mention climate and crop management risks 
more often and perceive a higher impact than men. Financial constraints 
are generally perceived higher by men, except for Masindi, where men's 
and women's groups rate them similarly. At the same time, we note 
variations across districts in the perceived impact of health risks, price 
risks, and social norms. Our gender analysis highlighted more tradi-
tional gender roles in Dokolo with more stringent social norms, while 
gender power over maize cultivation is more contested in Iganga, and 
gender roles seem to be shifting in Masindi. This comes back in the risk 
and concern ranking, where risks related to social norms appear in the 
top-five ranked concerns, with varying impacts amongst men and 
women in different districts. Overall, the risk and concern ranking shows 
more similarities between men's and women's responses in Dokolo than 
in Iganga and Masindi. 

Generally, women have fewer resources available to address 
different risks in agriculture. To reach and benefit more women with 
DTM varieties, we draw attention to access to information, bringing seed 
closer (potentially subsidized) and gender transformative interventions 
that address gender norms. 

In light of the inseparability of risks in agriculture, we suggest further 
empirical research to study the interplay between different risks in 
agricultural investments and risk aversion. If institutional risk man-
agement options were accessible, smallholders could gain from 
comprehensive insurance covering multiple risks in agriculture in sup-
port of the uptake of DTM technologies in the formal seed system. 

Lastly, we observe that the seed sector in Uganda firmly relies on the 
formal seed system for disseminating hybrid DTM varieties. However, 
the inseparability of agricultural risk and prevailing gender norms may 
contribute to the high prevalence of home-saved seed. Therefore, 
smallholders would benefit from investments in public variety devel-
opment of open-pollinated DTM varieties. OPVs would facilitate the 
dissemination of these varieties and information about them through the 
formal and informal seed systems. This approach provides more op-
portunities to tailor interventions to the specific needs of male and fe-
male smallholders. 
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