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ARTICLE INFO ABSTRACT

Keywords: Wheat is a vital cereal crop for smallholders in Ethiopia. Despite over fifty years of research on wheat varietal
Wheat development, consideration of gendered trait preferences in developing target product profiles for wheat
Trait preferences breeding is limited. To address this gap, our study used sex-disaggregated survey data and historical rainfall
g:;dle trends from the major wheat-growing regions in Ethiopia. The findings indicated heterogeneity in trait prefer-
Multivariate Probit Model ences based on gender and rainfall endowment. Men respondents tended to prefer wheat traits with high straw
Ethiopia yield and disease-resistance potential, while women showed a greater appreciation for wheat traits related to

good taste and cooking quality. Farmers in high rainfall areas seemed to prioritize high straw yield and disease
resistance traits, while those in low rainfall areas valued good adaptation traits more highly. Most of the cor-
relation coefficients among the preferred traits were positive, indicating that farmers seek wheat varieties with
traits that serve multiple purposes. Understanding men’s and women'’s preferences and incorporating them in
breeding and seed systems could contribute to the development of more targeted and effective wheat varieties

that meet the diverse needs of men and women farmers in Ethiopia.

1. Introduction

Ethiopia is the largest wheat producer in sub-Saharan Africa (SSA),
producing about 5.8 million tons of wheat annually on 2.1 million
hectares (M ha) of land under rain-fed (1.7 M ha) and irrigated (0.4 M
ha) systems (CSA, 2021; Hodson et al., 2020; Tadesse et al., 2022). Over
five million smallholders earn their living directly from wheat produc-
tion (CSA, 2021); wheat is the second most important crop after maize in
terms of production and contributes a substantial proportion to the
national protein and calorie consumption (Badstue et al., 2022; Eren-
stein et al., 2022). Consumer demand for wheat is increasing due to
growth in population, income, and urbanization. Although there is
strong policy support from the government to expand wheat production
and attain self-sufficiency in wheat consumption, there is limited in-
formation on the type of wheat varieties that both increase farm pro-
ductivity and meet the demand for different traits among men and
women consumers.

Wheat breeding programs face the challenge of developing varieties
that satisfy the diverse interests of heterogeneous farmers and farming
communities across different agroecologies and rainfall patterns.

* Corresponding author.
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Farmers demand varieties that withstand biotic and abiotic stresses and
perform better in terms of biomass and yield when climatic shocks
happen. Depending on their different roles in the household, men and
women farmers have different trait preferences for the wheat varieties
that they grow or introduce to their farms. For example, women and
marginalized farmers in India prefer wheat grain that makes better
chapatis to wheat grain with yield-enhancing and risk-mitigating traits
(Krishna and Veettil, 2022). In Nigeria, Teeken et al. (2021) found sig-
nificant differences in men’s and women’s prioritization of cassava
traits. To inform and guide wheat breeding, seed marketing, and
extension programs on the dominant trait preferences of smallholders in
diverse agroecological zones, it is important to understand how trait
preferences vary by climatic factors (such as rainfall) and by the gender
of the household members who decide on varietal choices.

Initiatives related to the development of seed systems of cereal crops
primarily concentrate on the technical aspects of developing seed traits.
However, they often overlook the social dynamics and demand-side
factors within the seed system (Badstue et al., 2022; Barrett et al.,
2022; Voss et al., 2021). For instance, the Green Revolution period,
typically from 1967 to 1978, successfully increased calorie supplies to
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the global population and also helped reduce food prices, increase
anthropometric outcomes, decrease agricultural intensification in forest
areas, and reduce infant mortality (Barrett et al., 2022; Evenson and
Gollin, 2003; Gollin et al., 2021). However, the focus on a few dominant
cereals contributed to malnutrition, especially among rural farmers and
urban consumers (Pingali, 2012; Welch and Graham, 2000). The Green
Revolution also had unintended environmental effects and a highly
skewed distribution of benefits towards some social groups, particularly
men and better-off farmers (Barrett et al., 2022; Krishna and Veettil,
2022; Pingali, 2012). Owing to the absence of feedback mechanisms in
the existing seed system, the diverse interests and preferences of men
and women farmers have not been sufficiently addressed in wheat
varietal development (Suri and Gartaula, 2023).

Gender differences in wheat trait preferences highlight the broader
issue of social equity in agriculture. Studies have shown that women
farmers often face structural constraints, such as limited access to re-
sources and information, lack of decision-making power, and discrimi-
natory social norms (Doss et al., 2015; Marenya et al., 2021a; Peterman
et al., 2011; Quisumbing, 1996; Sekabira and Qaim, 2017). Doss (2002)
found that men tended to have greater control over decisions related to
cash crops and agricultural inputs, while women played a significant
role in decisions related to household consumption and subsistence
farming. Addressing these disparities in crop improvement and agri-
cultural decision-making processes requires recognizing and valuing
women’s knowledge, preferences, and contributions.

In recent years, development actors and policymakers have become
more cognizant of the significance of gender equality and social inclu-
sion in attaining development outcomes. Gender research has consis-
tently highlighted the fact that attaining many objectives related to food
security and nutrition appears to be influenced by women’s capacity to
secure a favorable distribution of resources within households (Doss,
2013; Doss and Quisumbing, 2020; Fafchamps et al., 2009). However,
the common model assumed, especially in the early economics litera-
ture, was the unitary household model (Becker, 1973). This model either
assumed that all members of a household shared identical preferences,
combined all their resources, and reached unanimous decisions, or
presumed that one household member acted as decision-maker for the
entire family (Alderman et al., 1995; Doss, 2013; Doss and Quisumbing,
2020; Quisumbing and Maluccio, 2003; Teklewold, 2023). Based on the
unitary household model, numerous studies investigating trait prefer-
ences begin by considering the household as the primary unit of analysis.
These studies commonly use the sex of the household head to represent
gender differences (e.g., Kassie et al., 2017; Lunduka et al., 2012; Mar-
enya et al., 2022; Marenya et al., 2021b).

However, the assumption of perfect cooperation and shared prefer-
ences may not accurately capture real-world scenarios (Alderman et al.,
1995; Teklewold, 2023). A household typically consists of multiple in-
dividuals with distinct preferences, potentially leading to conflicts of
interest in decision-making processes. As a result, alternative models,
such as the collective household model, have been developed to account
for the heterogeneity of preferences and degrees of bargaining power
among household members (Agarwal, 1997; Fafchamps et al., 2009).
Quisumbing and Maluccio (2003) examine the unitary and collective
household models using data from Bangladesh, Ethiopia, Indonesia, and
South Africa. In all these four countries, they find evidence that con-
tradicts the validity of the unitary model as an accurate representation of
household behavior. They demonstrate that the resources that in-
dividuals contribute to a marriage, such as human capital and personal
assets, influence how resources are allocated within the household. This
is primarily due to the influence of these resources on intrahousehold
bargaining power (Agarwal, 1997).

Applying rigorous empirical methods in analyzing the wheat trait
preferences of men and women farmers in Ethiopia, this paper con-
tributes to the literature in two ways. First, we test the existence of
gendered trait preferences between men and women respondents from
the same household. This contributes to the limited literature showing
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the intrahousehold gender dynamics in wheat trait preferences,
contributing to better product profile development. Although we were
not able to test the unitary and collective household models,' our
gender-differentiated data within the same household enabled us to
uncover gender disparities in trait preferences.

Second, there is an emerging recognition of the importance of
weather-related variables in agricultural technology adoption and wel-
fare implications. Amare et al. (2018) show that negative rainfall shocks
have heterogeneous impacts on crop production across different agro-
ecological zones in Nigeria. Similarly, Cui and Xie (2022) report that
farmers in China adjust their crop planting dates based on weather
conditions observed eight weeks before the actual planting period. In
Ethiopia, Marenya et al. (2020) illustrate the heterogeneous adoption
and impacts of sustainable agricultural intensification technologies in
rainfall-surplus and rainfall-deficit plots. Studies have also examined the
role of weather shocks on land-allocation decisions (Ahmed et al., 2022;
He and Chen, 2022; Mu et al., 2018). Although these studies provide
pertinent information to the literature about the role of weather-related
shocks on many important aspects, to the best of our knowledge, no
study has successfully tested the hypothesis that rainfall endowment
differences (i.e., between households that receive a high amount and
those that receive a low amount of rainfall) affect a rural household’s
crop trait preferences. Ethiopia, where weather variability is high and
rainfed agricultural activities constitute the single most important
source of income for almost all rural households, provides a suitable case
for this research. Investigating heterogeneous trait preferences among
rural households that experience diverse rainfall patterns could help to
identify policy options that are better tailored to the needs of socio-
economically diverse smallholders as well as to develop better-targeted
breeding product profiles. In this context, we present how gender,
rainfall endowment, and wheat trait preferences interact, and explore
implications for agricultural research and development (R&D) in the
developing country context.

The remainder of the paper is structured as follows. The next section
outlines the data and methodology used in this study. The third section
presents the estimation results and provides a comprehensive discussion
of the findings. Finally, Section 4 concludes the paper by drawing key
policy implications based on the results.

2. Data and methodology
2.1. Data source

Data for this research were obtained from a household survey con-
ducted in Ethiopia between June and August 2021 as part of the
Accelerating Genetic Gains in Maize and Wheat for Improved Liveli-
hoods in Asia and Africa (AGG) project, which was led by the Interna-
tional Maize and Wheat Improvement Center (CIMMYT) in
collaboration with national partners in Ethiopia. Using a structured
questionnaire, data were collected from randomly sampled households
in the three main wheat-producing regions (Amhara, Oromia and
Southern Nations, Nationalities and Peoples, or SNNP) of Ethiopia.
Sampling was done in three stages: We prioritized wheat-growing areas
and identified districts growing wheat on land of more than 2,000 ha.
We then identified the major wheat agroecologies within the selected
districts. Following the proportionate random sampling technique, we
selected 40 districts from the 6 wheat agroecologies identified. In each
sample district, the major wheat-producing kebeles (the lowest admin-
istrative units) were identified, and 10-18 sample households were
randomly selected from the household list available in each kebele.
Following this procedure, we collected data from 1,088 sample

1 We could not test the unitary and collective models because we lack specific
disaggregated data for key variables such as asset ownership and bargaining
power.
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households (Table 1). Trained enumerators proficient in the local lan-
guages were assigned to conduct the survey.

The survey collected detailed information on household socioeco-
nomic characteristics, land and livestock holdings, income sources, non-
agricultural household enterprises, household assets, shocks, seed
sources, networks, and trait preferences, together with agricultural in-
puts, and crop production and disposition patterns. To select the traits
for our study, we first compiled a list of 21 traits based on expert
consultation and the existing literature on wheat preferences. We then
proceeded to engage in group discussions and conducted a preliminary
survey of the farmers to assess their preferences. Six traits (high grain
yield, good adaptation, high straw yield, disease resistance, bold grain,
good taste and cooking quality) emerged as resoundingly important
among the participants. We then designed the final survey, incorpo-
rating these six wheat traits to obtain more focused and insightful re-
sponses from the households. A trait that was considered important by a
respondent received a value of 1, and of 0 if not considered important.

We interviewed both a male member (typically the household head)
and a female member (usually the wife) of the same household. These
individuals, referred to as the principal male and principal female
household members, were asked about their preferences for wheat
traits, as well as about several other variables of interest. This approach
enabled us not only to identify gender disparities in wheat trait prefer-
ences but also to control for other gender-related variables.

Additionally, we employed a global positioning system (GPS) to geo-
reference both the households and their corresponding wheat plots. This
allowed us to incorporate rainfall variables into our models and estimate
wheat trait preferences based on the rainfall endowment. To generate
these rainfall variables, we utilized data from the Climate Hazards
Group InfraRed Precipitations with Stations (CHIRPS). CHIRPS is a
comprehensive dataset that spans from 50°S to 50°N, encompassing all
longitudes. It combines satellite imagery with in-situ station data at a
resolution of 0.05° to create a gridded rainfall time series, providing
valuable information for our analysis (Funk et al., 2015; Marenya et al.,
2020; Michler et al., 2019). We generated monthly rainfall data from
2001 to 2021. We relied on boundaries on the 0.05° grid cells and took
the average monthly rainfall for the month within the grid. We then
estimated the season-level rainfall by aggregating the monthly data.
From the rainfall data, we computed the annual total rainfall and rainfall
shock indicators (discussed below). The amount of rainfall and the
rainfall shock indicators for the year preceding the survey year were also
calculated to capture the effect of rainfall abundance or stress experi-
enced by the household in the previous year.

We estimated rainfall shocks as normalized deviations in a single
season’s rainfall from the expected average seasonal rainfall over the 21
years between 2001 and 2021 (Marenya et al., 2020; Michler et al.,
2019). The grid averages were mapped onto each household in the grid
(based on farm GPS coordinates). The rainfall shock indicator was
estimated as:

Ty — Ty

Ry = (€9)

Gy

The rainfall shock (R,,) was calculated for each household in a year t,
where r,,, is the observed amount of rainfall for the whole agricultural
season, 1, is the average seasonal rainfall for the household over the 21-
year period, and oy, is the standard deviation of rainfall over the same
period. A value of zero for the shock variable indicates that the house-
hold has not encountered any rainfall fluctuations. Conversely, a larger
deviation from zero signifies a higher degree of rainfall variability or
shock experienced by the household.

The measures of rainfall surplus (R;,) were also calculated as:

RS — Fwie — Ty

wt

if e > 1,0 otherwise , )

w
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Similarly, the measures of rainfall deficit (Rfvt) were estimated as:

Tt — T
d wit W
Rw -

if ry < 1,0 otherwise 3

w

We used equations (2) and (3) to categorize households into rainfall-
surplus and rainfall-deficit groups and tested differences in wheat-trait
preferences between the two groups, taking into account lagged rain-
fall shocks from the previous year.

2.2. Data analysis

Both men and women household members were asked if they
thought that the six traits presented to them were important in their
wheat varietal choices. To explore the driving factors behind selecting
and combining various wheat traits, a multivariate probit model (MVP)?
estimator was used (Cappellari and Jenkins, 2003). Since respondents
had the option to select multiple traits, our empirical approach had to
account for interdependency among these traits and their correlations.
So, the MVP estimator was deemed the most appropriate for this
assessment. More importantly, the MVP estimator not only identifies the
determinants of traits but also sheds light on the synergies and trade-offs
among various traits. As a result, it has been extensively utilized in
studies exploring interdependent technology adoptions (Gebremariam
and Tesfaye, 2018; Kassie et al., 2015; Wainaina et al., 2016).

The observed outcome of a particular wheat trait can be modeled in a
random utility framework (respondent’s utility). Consider the it
respondent (man or woman) (i =1, .N), who is facing a decision as
to whether a given wheat trait is important in his/her future improved
cultivar. Let Uy represent the utility gained by the respondent when he/
she decides not to take up a certain wheat trait, and let Uy represent the
utility gained by the respondent when he/she prefers the k™ wheat trait.
A given respondent decides to seek the k™ wheat trait if the net benefit is
greater than zero, thatis Y; = Ux —Up > 0. The net benefit (Y}) that the
respondent derives from the k™ wheat trait is, however, a latent variable
that is determined by explanatory variables (X;) and unobserved char-
acteristics (;). This can be modeled in the equation below.

Y, = X +u, @

The MVP model is characterized by a set of binary wheat traits, that
is equal to 1 if the ith respondent prefers the wheat trait K,® and zero
otherwise, such that:

Y= { LY, >0 K(T1,T2,T3,T4,T5,T6) (5)
0 otherwise

The MVP model allows for simultaneous preferences for different
wheat traits. The error terms jointly follow a multivariate normal dis-
tribution (MVN) with zero conditional mean and variance normalized to
unity where (p4, py, 4,) & MVN(0, Q), and the symmetric covariance
matrix Q is given by:

1 Prir2 Prirs Prira Prirs Prite

Prari 1 Prars Prora Prars Prare
Q= | P Pran L prr Prars Prats 6)
Prat1 Prar2 Prars 1 Prars  Prate
Prsti Prst2 Prsts Prsta 1 Prste
Prer1 Prer2 Prers  Prera  Prers 1

2 We employed the Stata software package to estimate our MVP models.
Additionally, we conducted separate MVP models for men and women re-
spondents, using 100 simulations and robust standard error techniques.

3 T1=high yield, T2=good adaptation, T3=high straw yield, T4=disease
resistance T5=bold grain and T6=good taste and cooking quality.
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Table 1
Distribution of sample households by region and zone.
Amhara Oromia SNNP Total

Agroecological zone Kebeles HHs Kebeles HHs Kebeles HHs Kebeles HHs
Tepid to cool humid mid-highlands 1 3 22 237 1 14 24 254
Cold to very cold humid sub-Afro-Alpine 1 7 1 7
Hot to warm moist lowlands 1 13 1 13
Tepid to cool moist mid-highlands 12 122 12 149 1 7 25 278
Hot to warm sub-humid lowlands 2 1 2
Tepid to cool semi-arid mid highlands 2 18 2 18
Tepid to cool sub-humid mid highlands 15 59 28 184 7 145 50 388
Tepid to cool sub-moist mid highlands 4 46 8 81 1 1 13 128
Total 33 243 74 678 10 167 117 1088

The Q has a value of 1 on the leading diagonal and correlations p;, =
py; as off-diagonal elements. The off-diagonal elements in the covariance
matrix are of interest since they represent the unobserved correlations
between the wheat traits. A positive and significant correlation between
the error terms of wheat traits indicates complementarities or synergies.
On the other hand, a negative correlation indicates substitutability or
trade-offs between the traits (Borsch-Supan and Hajivassiliou, 1993;
Cappellari and Jenkins, 2003; Gebremariam and Tesfaye, 2018).

3. Results and discussion
3.1. Descriptive statistics

Our sample comprises 1,088 households in total (984 men headed
and 104 women headed households). To analyse gendered trait prefer-
ences, we tried to select both the principal man and the principal woman
of the same household to ensure an equal representation of men and
women within each sample household. However, we faced challenges
when it came to finding typical male participants in the households
headed by women. The male members in these households were either
too young to interview or unavailable. Therefore, we were not able to
capture data from men in the households headed by women. As a result,
our analysis® focused on the comparison between 984 men in male-
headed households and 1,088 women in both men- and woman head-
ed households.

Table 2 displays the summary statistics of our sample respondents,
presented first at the household level and subsequently at the individual
level (for men and then for women). The summary statistics indicate that
high yield is predominantly the most preferred trait, as it was chosen by
about 81 % of the respondents, both by men and women, at the
household level. Good adaptation is the second most preferred trait,
chosen by 74 % of households and by approximately 75 % of men and
73 % of women respondents. About 53 %, 54 % and 45 % of households,
men respondents, and women respondents, respectively, selected the
high straw yield trait, while disease resistance was chosen by approxi-
mately 68 % of households, 68 % of men respondents, and 64 % of
women respondents. Bold grain, defined by large size and thick
appearance, was selected by about 49 % of households, 49 % of men
respondents, and 47 % of women respondents. Good taste and cooking
quality were the least-preferred traits, selected by 27 % of households,
26 % of men respondents, and 32 % of women respondents, respectively.

About 90 % of the sample households were headed by men of about
50 years, whereas the average age of women respondents was 41 years.
The average education level of the sampled household heads was

4 As a robustness check, we have included the results for the balanced sample
of 984 men and women in male-headed households in the appendix. The results
are similar to the results presented in Table 3 (see Table S1 for the balanced
gender trait preference results and Table S2 for the rainfall endowment results
in the supplementary tables). The MVP results for women in male-headed
households are also presented in Table S3.

approximately 5.5 school years. Among the individual respondents, men
had an average education level of 6.09 school years, whereas women
had an average of 1.23 school years. The average household size i.e.,
household members who lived and shared meals together in the same
compound, was estimated at 6.10.

We included farm size (land owned), total livestock units (TLU)
owned, asset index and mobile phone ownership as proxy measures of
wealth. On average, the sample households owned 1.88 ha of land and
6.00 TLU of livestock. The asset index (estimated at 0.27, on average)
was calculated from twelve different asset categories.

Institutional factors such as access to government extension, mem-
bership of a farmers’ group, and access to financial services were also
included. For instance, 81 % of households had access to government
extension services. Among the respondents, approximately 82 % of men,
but only about 63 % of women, had access to government extension
services. Access to savings and credit services was generally low in our
sample, with only 11 % of households having access to credit. Among
the respondents, 11 % of men and 6 % of women reported having access
to savings and credit services. The average rainfall of the lagged year
was estimated at 1,235 mm while the average rainfall shock index was
estimated at 0.78.

3.2. Gendered wheat trait preferences

Analysis of gendered trait preferences reveals that there are both
shared and distinct characteristics that appeal to men and women re-
spondents. Table 3 shows that there was no significant difference in
preferences between men and women for high yield, good adaptation,
and bold grain. However, high yield and good adaptation were the most
preferred traits by both men and women respondents (around 81 % and
74 %, respectively). This is consistent with the literature that finds that
improved yield and reduced production risk are among the core ex-
pectations of smallholder farmers when selecting improved seed vari-
eties (Macours, 2019) and of crop breeding and research programs in
general (Krishna and Veettil, 2022).

We found, however, significant differences between men and women
respondents in preferences for other traits. The underlying causes of
gender differentiation in wheat trait preferences need to be further
explored, and especially those relating to the cultivation of wheat for
multiple purposes, such as for food and feed.” High straw yield was an
important attribute for varietal selection for 54 % of men but only for 45
% of women respondents, a statistically significant difference (p <
0.001). Crop residues are in high demand for livestock feed in Ethiopia
(Jaleta et al., 2015), and livestock production is mainly the re-
sponsibility of men rather than women household members (Assan,
2014). In Ethiopia, crop residues are also used for construction (Jaleta
et al., 2015; Tesfaye et al., 2004) and again, construction is mainly the
responsibility of men. Therefore, it is not surprising that high straw yield

5 See also Voss et al., (2021), on the issue of multi-purpose improved maize
varieties.
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Table 2
Descriptive statistics of variables used in the models.
Variables Definition of variables Household Men Women
Outcome variables Mean Std Mean  Std Mean  Std
High yield High yielding trait varieties (1 = if the respondent agrees this trait is important, 0.81 0.40 0.81 0.39 0.81 0.40
0 otherwise)
Good adaptation Good adaptation trait varieties (1 = if the respondent agrees this trait is important, 0.74 0.44 0.75 0.43 0.73 0.45
0 otherwise)
High straw yield High straw yield trait varieties (1 = if the respondent agrees this trait is important, 0.53 0.50 0.54 0.50 0.45 0.50
0 otherwise)
Disease resistance Disease resistance trait varieties (1 = if the respondent agrees this trait is important, 0.68 0.47  0.68 0.47 0.64 0.50
0 otherwise)
Bold grain Bold grain trait varieties (1 = if the respondent agrees this trait is important, 0 otherwise)  0.49 0.50 0.49 0.50 0.47 0.50
Good taste & cooking Good taste & cooking quality trait varieties (1 = if the respondent agrees this trait is 0.27 0.44 0.26 0.44 0.32 0.47
quality important, 0 otherwise)
Explanatory Variables
Gender head Gender of the head of the household (1 = male head, zero otherwise) 90.44 29.42 NA NA NA NA
Age of respondent Age of the respondent in the household (in years) 50.35 12.10 50.37 12.12  41.39 10.25
Education of respondent Education level of the respondent (years of schooling) 5.47 5.67 6.05 5.66 1.23 2.61
Household size Household size: total of all household members who live and share meals together in the ~ 6.06 2.14 NA NA NA NA
household (persons)
Farm size Total size of agricultural land cultivated by the household in hectares (ha) 1.88 1.27 NA NA NA NA
Livestock owned Tropical livestock unit (TLU) is used to normalize number of livestock to the equivalent ~ 6.99 470 NA NA NA NA
of a cow whereby, cow = 1, sheep = 0.1, goat = 0.08, donkey = 0.5 respectively
Assets owned Asset index calculated from twelve types of different assets owned by the household 0.27 0.16 NA NA NA NA
(index)
Mobile phone owned Dummy variable. Self-reported = 1 if the household owned a mobile phone, 0 otherwise. ~ 0.59 0.49 NA NA NA NA
Improved wheat variety Dummy variable (1 = if the respondent indicated that he has cultivated improved wheat ~ 0.49 0.50  0.49 0.50 0.38 0.49
use verities at least once in the past five years, 0 otherwise
Number of social networks ~ The number of people (network) that the respondent has in the village that he can count ~ 3.56 6.05 3.64 6.13 2.08 4.10
in the village on for help (in persons)
Contact with government Dummy variable (1 = if the respondent had any contact with government extension 0.81 0.39 0.82 0.39 0.63 0.48
extension worker agents, 0 otherwise)
Member of farmers’ group ~ Dummy variable (1 = if the respondent is a member of farmers’ group, 0 otherwise) 0.27 0.44  0.27 0.44 0.13 0.34
Member of savings and Dummy variable (1 = self-reported ability to access credit finance or savings for any 0.11 0.31 0.11 0.31 0.06 0.24
credit group purpose including farming whenever needed by the respondent, 0 otherwise.
Member of Eddir Dummy variable (1 = if the respondent is a member of Eddir, 0 otherwise) 0.77 0.42  0.77 0.42 0.65 0.48
Member of Equb Dummy variable (1 = if the respondent is a member of Equb, 0 otherwise) 0.03 0.18 0.03 0.18 0.03 0.16
Lagged rainfall amount Total amount of rainfall that the household received in the lagged year prior to the 1235.34 21439 NA NA NA NA
received survey year (mm/year)
Rainfall shock (Index) Rainfall shock (index) that the household experiences. This is calculated by taking the 0.78 0.52 NA NA NA NA
absolute value of the difference between total rainfall of the growing season and the
historical average of the 21 years rainfall divided by the standard deviation of rainfall in
the 21 years period (Equation (3)
Rainfall surplus Dummy variable (1 = if the household is in rainfall surplus area, 0 otherwise) 0.88 0.32 NA NA NA NA
Oromia region Dummy variable (1 = if the household is in Oromia region, 0 otherwise) 0.62 0.49 NA NA NA NA
Amhara region Dummy variable (1 = if the household is in Amhara region, 0 otherwise) 0.23 0.42 NA NA NA NA
SNNP region Dummy variable (1 = if the household is in SNNP region, 0 otherwise) 0.15 0.21 NA NA NA NA
Observation 1088 994 1088

NB: Our data comes from 984 men and 1088 women respondents from 1088 households (984 male- and 104 female-headed respectively. We use household and

individual level variables in our analysis. NA indicates non-applicable.

Table 3
Trait preferences between men and women respondents.

Traits Men (%) Women (%) Difference (%)
High yield 81.20 80.51 0.68
(1.25) (1.20) (1.73)
Good adaptation 74.90 72.79 2.10
(1.38) (1.35) (1.93)
High straw yield 54.17 45.31 8.85%**
(1.59) (1.51) (2.19)
Disease resistance 67.58 63.79 3.79*
(1.49) (1.54) (2.09)
Bold grain 48.78 47.24 1.54
(1.59) (1.51) (2.20)
Good cooking & taste quality 26.02 32.26 —6.24%%*
(1.40) (1.42) (1.99)
Observations (N) 984 1088

NB: Standard error in parenthesis. , **, and * shows significance level at 1%,

5%, and 10%, respectively.

is prioritized more by men respondents than by their women
counterparts.

Differences in preference for disease resistance between men and
women (68 % and 64 %, respectively) were weakly significant. More
women than men respondents (32 % vs 26 %, respectively) preferred
wheat varieties that had good taste and cooking qualities, a statistically
significant difference. This finding is consistent with other studies that
have found men to be more concerned with agronomic traits, while
women prioritize traits relating to usage (Teeken et al., 2018; Tegbaru
et al., 2020; Voss et al., 2021). Overall, we found that wheat trait
preferences in the Ethiopian context were not gender neutral, at least for
three of the six traits considered in this study.

3.3. Trait preference by rainfall endowment

Literature on the economics of agricultural technologies shows that
underlying biophysical conditions such as rainfall stress explain much of
the farm variation in the performance of agricultural technologies on
land productivity (Abay et al., 2022; Amare et al., 2018; Horner and
Wollni, 2022; Marenya et al., 2020; Tanti et al., 2022). To investigate
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whether farmers’ trait preferences are affected by biophysical factors,
we categorized households into rainfall-surplus and rainfall-deficit
groups, based on historical rainfall data spanning over 21 years.

Men valued high yield more in rainfall-deficit than in rainfall-surplus
areas (Table 4), possibly because low productivity in areas that experi-
ence rainfall shortage (Tesfaye et al., 2021) leads households to priori-
tize traits associated with improved yield under stress, such as high
yield. Male respondents in rainfall-deficit areas showed a higher pref-
erence (85 %) for this trait than those in rainfall-surplus areas (73 %).
Likewise, about 86 % of female respondents in rainfall-deficit areas and
72 % in rainfall-surplus areas valued good adaptation. Recent studies
indicate that rural livelihoods in Ethiopia are highly susceptible to
weather variability (Ahmed et al., 2022), and low rainfall is perceived as
a significant challenge to crop production in the country. Agricultural
outputs during lower-rainfall seasons are estimated to be nearly half
those during higher-rainfall seasons (Kassie et al., 2013). Unsurpris-
ingly, both men and women farmers in rainfall-deficit areas preferred
traits with the potential for good climate adaptation compared with
farmers in rainfall-surplus areas.

It was observed that wheat seed varieties that could produce a large
quantity of straw (biomass) were valued more in rainfall-surplus areas
than in rainfall-deficit areas by both men and women respondents. The
difference was estimated at about 23 % and was significant at 1 % for
both genders. The difference could be attributed to the higher livestock
population in rainfall-surplus areas than in rainfall-deficit areas
(Demeke et al., 2011). Moreover, given that crop residues serve as the
primary source of animal feed in Ethiopia (Alkemade et al., 2013;
Duncan et al., 2016; Jaleta et al., 2015), the preference for wheat va-
rieties with a trait for high straw yield potential was more pronounced in
rainfall-surplus areas than in rainfall-deficit areas for both men and
women.

About 10 % more men respondents and 9 % more women re-
spondents in rainfall-surplus areas prioritized disease resistance
compared with men and women farmers in rainfall-deficit areas, a sta-
tistically significant difference. This is consistent with findings in the
literature that crop diseases are more severe in areas where rainfall
coverage is relatively higher than in low rainfall areas (Chiu et al., 2022;
Ghini et al., 2011; Li et al., 2020). We found a significant difference of
about 12 % in favor of good taste and cooking qualities only for women
respondents in rainfall-deficit areas. Overall, as in the gender analysis,
we found heterogeneous trait preferences by rainfall endowment.

3.4. Correlates of trait preferences
3.4.1. Correlates of trait preferences (men respondents)
Table 5 displays the MVP estimates of the correlates of men re-

spondents for the six wheat traits. The likelihood ratio test provides

Table 4
Trait preferences difference by rainfall endowment and gender.
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evidence supporting the rejection of the null hypothesis of zero corre-
lation between the error terms (p < 0.01), consistent with the significant
pairwise correlation coefficient between the error terms of the six wheat
trait preference equations presented in Table 7.

We incorporated the characteristics of both men and women re-
spondents in our models to account for the probability that members of a
household may influence each other in their trait preference decisions.
We also provided results for the correlates of trait preferences for both
men and women, along with their respective characteristics, in the
Supplemental Tables. Household-level variables that measure endow-
ments (e.g., family size, land size), accessibility (e.g., social networks,
contact with extension workers), and experience (e.g., characteristics of
the respondent such as age and education level) were included as control
variables in our models. Older men tended to place less value on traits
related to good adaptation to climate change, consistent with studies
that found a negative relationship between age and agricultural tech-
nology adoption (Gebremariam and Tesfaye, 2018), including trait
preferences (Marenya et al., 2022).

As expected, for men respondents, livestock ownership (measured in
total livestock units (TLU) was positively correlated with wheat traits
indicative of high straw yield. We included an asset index based on
ownership of durable goods and agricultural machinery and on housing
conditions to control for the expected effects of wealth on trait prefer-
ences. The asset index was positively associated with men respondents’
demand for high yield traits, similar to results on the positive effect of
asset ownership in promoting the adoption of improved agricultural
technologies (Arslan et al., 2014). Access to mobile phones significantly
increased the likelihood of prioritizing good adaptation, disease resis-
tance, and good taste and cooking quality traits. These results indicate
the importance of access to information in helping farmers overcome
barriers to gaining knowledge about new varieties.

To account for rainfall, we included the previous year’s rainfall, the
lagged year’s rainfall shocks as given in Eq. (1), and whether the
household experienced a rainfall surplus or deficit in the lagged year.
The results show that rainfall extremes (variability) matter. Farmers
who experienced a high amount of rainfall during the previous cropping
season were more likely to opt for high-yielding wheat varieties. The
rainfall shock indicator (a proxy for erratic weather conditions) was
found to be negatively associated with the high yield trait but positively
associated with the other wheat traits. This suggests that smallholder
farmers who operate under erratic weather conditions demand wheat
varieties that can help them reduce production risks. Households who
experienced a shortage of rainfall during the previous cropping season
are more likely to demand varieties that produce high yield and have
good adaptation features compared with households who experienced
surplus rainfall. On the other hand, the high straw yield is preferred
more in rainfall-surplus areas than in rainfall-deficit areas.

Men respondents

Women respondents

Traits Rainfall deficit (%) Rainfall surplus (%) Difference(%) Rainfall deficit (%) Rainfall surplus (%) Difference (%)
High yield 87.72 80.34 7.37% 85.83 79.86 5.98
(3.08) (1.34) (3.88) (3.90) (1.29) (3.83)
Good adaptation 85.09 73.36 11.52%** 86.67 71.07 15.59%**
(3.35) (1.49) (4.30) (3.11) (1.46) (4.28)
High straw yield 34.21 56.78 —22.57%%* 25.00 47.83 —22.83%**
(4.46) (1.68) (4.91) (3.97) (1.61) 4.77)
Disease resistance 58.77 68.74 —9.96%* 55.83 64.77 —8.94+*
(4.65) (1.57) (4.65) (4.55) (1.62) (4.65)
Bold grain 41.23 49.77 —8.54* 44.17 47.62 —3.46
(4.63) (1.70) (4.98) (4.55) (1.61) (4.83)
Good taste & cooking quality 23.68 26.32 2.63 43.33 30.89 12.44%**
(3.99) (1.49) (4.37) (4.54) (1.49) (4.51)

NB: Observations are from 984 men and 1088 women respondents. Standard error in parenthesis. *

respectively.

** and * shows significance level at 1%, 5%, and 10%,
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Table 5
Multivariate probit estimation of the determinants of wheat trait preferences for men respondents.
@ (2 3 4 (©)] 6)
Explanatory variables High yield Good High straw Disease Bold grain Good taste and cooking
adaptation yield resistant quality
Age of man respondent (years) —0.002 —0.011* —0.009 —0.005 —0.005 —0.001
(0.007) (0.006) (0.006) (0.006) (0.005) (0.006)
Age of woman respondent (years) —0.006 0.002 0.006 0.010 0.008 —0.001
(0.008) (0.007) (0.006) (0.006) (0.006) (0.007)
Education of man respondent (years of schooling) —0.023** —0.022%* 0.002 —-0.013 —0.004 0.005
(0.010) (0.009) (0.009) (0.009) (0.008) (0.009)
Education of woman respondent (years of schooling) —0.007 —0.016 —0.012 0.013 —0.031* 0.012
(0.021) (0.019) (0.018) (0.019) (0.018) (0.018)
Household size (persons) —0.007 —0.036 —0.032 —0.010 —0.059***  0.016
(0.025) (0.024) (0.023) (0.023) (0.022) (0.023)
Farm size (ha) 0.039 0.084* 0.006 —0.061 0.082%* —-0.011
(0.049) (0.045) (0.042) (0.042) (0.040) (0.042)
Livestock owned (TLU) 0.012 0.012 0.027** —0.016 —0.001 0.005
(0.013) (0.012) (0.011) (0.011) (0.010) (0.011)
Assets owned (Index) 1.450%** 0.347 —0.052 0.037 0.415 0.479
(0.451) (0.401) (0.373) (0.387) (0.353) (0.385)
Household owns mobile phone (1 = yes) 0.123 0.330%** —0.559%** 0.371%** 0.099 0.358%**
(0.133) (0.121) (0.116) (0.120) (0.109) (0.118)
Household used improved wheat variety (1 = if man respondent ~ —0.065 0.112 0.045 0.117 0.101 —0.166
said ‘yes’)
(0.158) (0.144) (0.132) (0.135) (0.125) (0.140)
Household used improved wheat variety (1 = if woman —0.381%* —0.543%** —0.078 0.291%* -0.114 0.266*
respondent said ‘yes’)
(0.166) (0.152) (0.138) (0.146) (0.134) (0.149)
Number of social networks man respondent has in the village —0.004 0.015 —0.012 0.018 0.003 —0.009
(0.011) (0.011) (0.010) (0.012) (0.010) (0.011)
Number of social networks woman respondent has in the village ~ —0.005 0.000 0.091*** 0.017 0.003 0.016
(0.018) (0.016) (0.019) (0.020) (0.014) (0.015)
Man respondent has had contact with a government extension 0.003 —0.094 —0.755%** 0.005 —0.090 —0.476%**
worker (1 = yes)
(0.185) (0.169) (0.154) (0.154) (0.148) (0.166)
Woman respondent has had contact with a government —0.469***  —0.376*** 0.237** 0.354*** 0.570%** 0.599%**
extension worker (1 = yes)
(0.154) (0.133) (0.119) (0.119) (0.113) (0.134)
Man respondent is a member of a farmers’ group (1) = yes) 0.083 —0.070 —0.029 0.372%** 0.102 0.362%**
(0.137) (0.121) (0.113) (0.123) (0.107) (0.113)
Woman respondent is a member of a farmers’ group (1) = yes) 0.066 0.155 0.292* 0.033 —0.194 —0.154
(0.176) (0.160) (0.150) (0.161) (0.142) (0.149)
Man respondent is member of savings and credit group (1) = 1.155%*= 0.454%* 0.421%* —0.189 0.453%** 0.026
yes)
(0.289) (0.196) (0.178) (0.177) (0.172) (0.177)
Woman respondent is member of savings and credit group (1) = —0.086 —0.263 —0.124 —0.001 0.504%* 0.354*
yes)
(0.284) (0.216) (0.213) (0.210) (0.206) (0.205)
Man respondent is member of Eddir (1 = yes) 0.733%%* 0.427%** 0.274* —0.480%** —-0.198 0.155
(0.168) (0.154) (0.155) (0.162) (0.143) (0.153)
Woman respondent is member of Eddir (1 = yes) -0.149 0.351%*** —0.095 0.095 —0.411***  —0.154
(0.152) (0.130) (0.124) (0.128) (0.119) (0.124)
Man respondent is member of Equb (1 = yes) 0.903** 0.240 0.213 0.767** 0.251 —0.184
(0.452) (0.314) (0.288) (0.311) (0.259) (0.287)
Woman respondent is member of Equb (1 = yes) —0.673* —0.400 0.041 —0.012 0.000 —0.045
(0.380) (0.322) (0.322) (0.342) (0.289) (0.319)
Lagged rainfall amount received (mm/year) 0.001** 0.000 —0.002%** 0.000 —0.000* —0.001**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Rainfall shock (Index) —0.249%* 0.014 0.372%%* 0.238** 0.149 0.356%**
(0.118) (0.112) (0.108) (0.108) (0.098) (0.106)
Rainfall surplus (dummy: 1 = yes) —0.464** —0.380** 0.496%** 0.072 —0.009 —0.268
(0.202) (0.183) (0.170) (0.153) (0.147) (0.163)
Oromia region (dummy: 1 = yes) 0.725%** 0.497%*** —0.964*** 1.043%** 0.815%** —0.171
(0.196) (0.181) (0.187) (0.185) (0.171) (0.186)
Amhara region (dummy: 1 = yes) 0.023 0.298 —1.274%** 0.153 0.077 0.614***
(0.198) (0.186) (0.195) (0.191) (0.178) (0.189)
Constant 0.240 0.336 2.874%* —1.052%* —0.121 —0.528
(0.581) (0.531) (0.507) (0.511) (0.480) (0.527)
Observations 984 984 984 984 984 984

Note: Standard errors in parentheses. Significance levels correspond with *

3.4.2. Correlates of traits preferences (women respondents)

The coefficients obtained from the MVP model for wheat trait pref-
erences among women respondents are presented in Table 6. As with the
men respondents, the likelihood ratio test provided evidence that
enabled us to reject the null hypothesis of zero correlation between the

error terms (p < 0.01).

The asset index demonstrates a positive correlation with the high
yield trait, but a negative correlation with the high straw yield trait for
women respondents. Additionally, women respondents in households
owning a mobile phone are more likely to opt for traits such as disease

‘p <.01 for 1 %, **p <.05 for 5 % and, *p <.1 for 10 %.
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Table 6
Multivariate probit estimation of the determinants of wheat trait preferences for women respondents.
@ (2) 3) “ [©)] 6)
Variables Highyield  Good High straw Disease Bold grain ~ Good taste and cooking
adaptation yield resistant quality
Sex of household head (dummy, 1 = male) 0.297 0.606%** 0.149 —0.009 0.098 0.062
(0.187) (0.176) (0.164) (0.173) (0.160) (0.169)
Age of man respondent (years) —0.009 —0.011* —0.006 0.006 —0.012%* —0.008
(0.00624) (0.0058) (0.005) (0.006) (0.00532) (0.006)
Age of woman respondent (years) 0.004 0.0103 —0.001 —0.00287 0.009 0.009
(0.007) (0.007) (0.006) (0.006) (0.006) (0.006)
Education of man respondent (years of schooling) —0.008 —0.011 0.008 —0.014* 0.009 —0.002
(0.01) (0.009) (0.008) (0.009) (0.008) (0.009)
Education of woman respondent (years of schooling) 0.0023 —0.021 —0.047%** 0.003 —0.041%* 0.007
(0.020) (0.018) (0.018) (0.019) (0.018) (0.018)
Household size (persons) —0.028 —0.039* —0.015 0.011 —0.05%* —0.039*
(0.024) (0.022) (0.021) (0.022) (0.021) (0.022)
Farm size (ha) —0.001 0.056 0.060 0.022 0.061* —0.031
(0.044) (0.042) (0.037) (0.039) (0.036) (0.040)
Livestock owned (TLU) 0.01 0.012 0.012 —0.019* —0.009 —0.014
(0.011) (0.011) (0.010) (0.010) (0.009) (0.010)
Assets owned (Index) 1.864*** 0.548 —0.609* —0.196 0.422 0.020
(0.423) (0.373) (0.349) (0.360) (0.337) (0.361)
Household owns mobile phone (1 = yes) —0.019 0.184 —0.353%*** 0.497%** 0.030 0.529%**
(0.121) (0.112) (0.106) (0.113) (0.104) (0.110)
Household used improved wheat variety (1 = if men respondent —0.056 —-0.191 0.135 0.008 0.121 -0.210
said ‘yes’)
(0.151) (0.137) (0.129) (0.131) (0.125) (0.137)
Household used improved wheat variety (1 = if women —0.374%* —0.322%* —0.315%* 0.471%%* 0.042 0.192
respondent said ‘yes’)
(0.160) (0.143) (0.136) (0.140) (0.132) (0.144)
Number of social networks man respondent has in the village —0.001 0.009 —0.016 0.002 0.008 0.008
(0.010) (0.011) (0.010) (0.009) (0.009) (0.009)
Number of social networks woman respondent has in the village  0.005 0.034* 0.038%* 0.006 —0.011 —0.013
(0.016) (0.018) (0.014) (0.014) (0.014)
Man respondent has had contact with government extension -0.210 —0.281* 0.068 —0.242* —0.702*
worker (1 = yes)
(0.170) (0.156) (0.141) (0.146) (0.141) (0.153)
Woman respondent has had contact with government extension ~ —0.258* —0.131 0.384x** 0.356%** 0.463%** 0.789%**
worker (1 = yes)
(0.140) (0.125) (0.115) (0.116) (0.112) (0.128)
Man respondent is member of farmers’ group (1) = yes) 0.176 —0.059 —0.141 0.331%** 0.001 0.251%*
(0.129) (0.115) (0.107) (0.117) (0.106) (0.111)
Woman respondent is member of farmers’ group (1) = yes) —0.0918 0.366%* —0.263* —0.058 —0.031 —0.004
(0.158) (0.153) (0.139) (0.149) (0.136) (0.139)
Man respondent is member of savings and credit group (1) =yes)  0.574** 0.133 0.217 —-0.262 0.129 0.286*
(0.226) (0.182) (0.168) (0.170) (0.169) (0.171)
Woman respondent is member of savings and credit group (1) =  —0.125 0.014 —0.007 0.236 0.465** 0.067
yes)
(0.240) (0.210) (0.193) (0.193) (0.194) (0.202)
Man respondent is member of Eddir (1 = yes) 0.512%** 0.619%** 0.115 —0.665*** -0.170 0.035
(0.156) (0.146) (0.143) (0.153) (0.138) (0.145)
Woman respondent is member of Eddir (1 = yes) 0.034 0.134 —0.112 0.145 —0.276%* 0.079
(0.139) (0.125) (0.118) (0.124) (0.115) (0.122)
Man respondent is member of Equb (1 = yes) 0.692* —0.07 0.242 0.145 0.306 —0.295
(0.379) (0.300) (0.265) (0.276) (0.262) (0.275)
Woman respondent is member of Equb (1 = yes) —0.409 —0.0871 0.271 0.319 —0.188 —0.0945
(0.339) (0.319) (0.288) (0.315) (0.293) (0.303)
Lagged rainfall amount received (mm/year) 0.001** 0.001 —0.001*** 0.000 —0.000 0.000
(0.000) (0.001) (0.000) (0.000) (0.000) (0.000)
Rainfall shock (Index) —0.030 —0.020 0.402%** 0.164 0.188** 0.300%**
(0.110) (0.104) (0.097) (0.102) (0.093) (0.098)
Rainfall surplus (dummy: 1 = yes) —-0.269 —0.508%** 0.557%** —0.0237 -0.177 —0.555%**
(0.184) (0.173) (0.155) (0.145) (0.141) (0.149)
Oromia region (dummy: 1 = yes) 0.566%** 0.345%* —0.237 0.922%** 0.833%*** 0.233
(0.177) (0.169) (0.164) (0.171) (0.163) (0.173)
Amhara region (dummy: 1 = yes) 0.290 0.125 —0.388** 0.094 0.302* 0.989%**
(0.182) (0.174) (0.172) (0.177) (0.172) (0.178)
Constant —0.201 —0.258 1.114** —0.972%* —0.150 —0.731
(0.534) (0.500) (0.465) (0.485) (0.455) (0.488)
Observations 1,088 1,088 1,088 1,088 1,088 1,088

Note: Standard errors in parentheses. Significance levels correspond with ***p <.01 for 1 %, **p <.05 for 5 % and, *p <.1 for 10 %.
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Table 7
Correlation coefficient of error terms obtained from the MVP model estimation
of the traits.

Men Women
Traits Correlation Std Correlation Std
coefficient error coefficient error

High yield and 0.448** (0.066) 0.422%** (0.062)
Good adaptation

High yield and High 0.009 (0.060) 0.003 (0.057)
straw yield

High yield and —0.025 (0.063) —0.166** (0.061)
Disease resistance

High yield and Bold 0.076 (0.060) 0.007 (0.057)
grain

High yield and 0.083 (0.066) 0.118** (0.065)
Good taste &
cooking quality

Good adaptation 0.002 (0.056) 0.098** (0.055)
and High straw
yield

Good adaptation —0.025 (0.059) —0.037 (0.058)
and Disease
resistance

Good adaptation 0.065 (0.056) 0.111%* (0.055)
and Bold grain

Good adaptation 0.122%* (0.059) 0.057 (0.058)
and Good taste &
cooking quality

High straw yield 0.019 (0.057) —0.019 (0.056)
and Disease
resistance

High straw yield 0.351%** (0.055) 0.146%** (0.053)
and Bold grain

High straw yield 0.287%%* (0.061) —0.113** (0.056)
and Good taste &
cooking quality

Disease resistance 0.233%*** (0.056) 0.205%** (0.054)
and Bold grain

Disease resistance 0.020 (0.063) 0.1977%* (0.058)
and Good taste &
cooking quality

Bold grain and 0.325%%* (0.059) 0.346%** (0.056)

Good taste &
cooking quality

Standard errors in parentheses. Significance levels correspond with ***p <.01
for 1 %, **p <.05 for 5 % and, *p <.1 for 10 %.

resistance and good taste and cooking quality.

The data reveal a positive association between social networks,
specifically the number of people in a village that women respondents
interact with, and wheat traits such as good adaptation and high straw
yield. Having access to savings and credit is positively associated with
the bold grain trait for women respondents. These findings are consis-
tent with existing agricultural technology adoption literature that em-
phasizes the importance of social networks and credit access
(Gebremariam and Tesfaye, 2018; Ndiritu et al., 2014; Teklewold et al.,
2020; Tesfaye et al., 2021).

Our analysis also revealed that rainfall shocks had a significant as-
sociation with most of the trait preferences among women. The rainfall
shock indicator, serving as a proxy for unpredictable weather condi-
tions, shows a positive correlation with traits such as high straw yield,
bold grain, and good taste and cooking quality for women respondents.
Smallholder women farmers operating under unpredictable weather
conditions seek wheat seed varieties that can help mitigate production
risks. Additionally, we observed that the previous year’s rainfall was
positively associated with the high yield trait but negatively associated
with the high straw yield trait. Overall, these rainfall shock results
emphasize the significance of weather-related variables in the design of
gendered improved seed varieties. The existing literature also highlights
how such weather conditions impact the varietal adoption and welfare
of households (Ahmed et al., 2022; Amare et al., 2018; Marenya et al.,
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2020).
3.5. Complementarities among the wheat traits

The MVP estimator generates correlation matrices that enable the
observation of synergies and trade-offs in preferences for the various
wheat traits. The results of these correlations are presented in Table 7. In
mixed crop-livestock farming systems, crop production has multiple
purposes (crop production for human consumption and straw produc-
tion for animal feed, for example). Thus, improved wheat varieties with
a single or particular trait might be insufficient from a farmer’s
perspective. As expected, significant correlations were observed be-
tween the preferences for several of the improved wheat traits, sug-
gesting that farmers opted for a wheat seed that would serve them for
multiple purposes.

Most of the estimated correlation coefficients among the wheat traits
are positive and significant, indicating complementarities among the
traits. A negative relationship between the wheat traits suggests that
respondents perceive trade-offs among them. However, a negative cor-
relation may sometimes simply indicate a difference in suitability based
on the biophysical farming conditions and the perception of the re-
spondents (Gebremariam and Tesfaye, 2018; Wainaina et al., 2016). We
found a positive correlation between the high yield and good adaptation
traits for both men and women. This outcome aligns with our finding
that the majority of men and women respondents (about 81 % and 74 %,
respectively) favored these two traits the most. Studies also show that
the yield enhancement and risk reduction aspects of improved seed are
the most important features in rural households’ seed demand (Badstue
et al., 2022; Macours, 2019; Marenya et al., 2021b; 2022).

Contrary to our expectations, for women respondents, high yield had
a significant trade-off with disease-resistance. Likewise, preference for
high yield was also significantly complementary with good taste and
cooking quality for women respondents. Good climate adaptation was
also significantly complementary with both high straw yield and bold
grain for women respondents. For men respondents, good adaptation
was a trait that could be complementary with good taste and cooking
quality.

The estimated positive correlation between high straw yield and bold
grain for both men and women respondents suggests that households
view the two traits as complementary, consistent with the experimental
literature on wheat production, which also found that wheat varieties
that produced bold gain may also produce a relatively high amount of
straw (Hussain et al., 2016). The finding that bold grain also has a
positive correlation with disease resistance and good taste and cooking
quality for both men and women has important policy implications since
the implementation of a policy promoting one of the traits may result in
spillover effects on others.

4. Conclusions and policy implications

To develop wheat varieties that are suitable for end users, including
men and women farmers, it is important to consider differences in
preferences for traits that feed into the target product profiles. This
“demand-driven” breeding would help increase the adoption of
improved wheat varieties, which is crucial for increasing agricultural
productivity and reducing poverty in a more equitable and sustainable
manner. In this study, we have analyzed the factors that influence the
gendered trait preferences of wheat farming households, using survey
data collected from 1,088 households in Ethiopia. We used a MVP model
and simple test statistics to elicit the gendered determinants of trait
preferences as well as rainfall endowment-based trait preferences. Our
results show that men and women farmers in Ethiopia are very keen to
change their existing wheat varieties in favor of more promising wheat
traits. This supports growing R&D prioritization and policy interest in
up-scaling agricultural intensification and crop improvements among
smallholder farmers. Specifically, farmers prefer wheat varieties that
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increase yield and have good adaptation to climate variability.

The study identified the presence of significant heterogeneity in
preferences for wheat varietal traits. Our gender-disaggregated results
show that wheat trait preferences are not gender neutral; rather, there is
a significant difference in trait preferences between men and women
household members. Men are more interested in wheat traits such as
high straw yield and resistance to disease, whereas women value good
taste and cooking quality more highly than men. In rainfall-deficit areas,
where less rainfall coverage is usually a major production challenge,
traits such as good adaptation to climate variability are prioritized more
than in rainfall-surplus areas. In areas with surplus rainfall, where dis-
ease manifestations and rainfall lodging might be the main production
challenges, disease resistance is valued more than in rainfall-deficit
areas. Relationships among the trait preferences show some strong
complementarities (e.g., high yield and good climate adaptation).
Hence, breeding programs and seed systems should strategically deliver
wheat varieties that address the multiple interests of both men and
women farmers in their varietal choices.

Our findings have important implications for the development of
target product profiles. These results suggest that wheat improvement
programs should continue to focus on breeding for high yield and good
adaptation to climate change as these two traits are the most valued by
both men and women farmers. However, other traits are also important.
We suggest that the development of new wheat varieties, while paying
attention to the role of gender and rainfall endowments, should also use
multi-criteria evaluations to ensure that complementary traits are opti-
mally weighted in variety-release criteria.

In situations where farmers showed a strong preference for wheat
traits with the potential for adapting to climate variability, it is worth
implementing insurance programs that protect farmers against the
negative effects of rainfall shocks. Especially in situations where wheat
traits for high yield and adaptation to climate variability are not avail-
able together, the provision of crop insurance bundles with high-
yielding varieties could potentially stabilize farmers’ income and
reduce the risk associated with adverse weather conditions. By miti-
gating the financial losses caused by such shocks, crop insurance could
provide farmers with more confidence and stability and enable them to
adopt high-yielding varieties and complementary inputs that improve
production and enhance household food security.

Based on the findings of this study, some policy recommendations
could be made to enhance wheat-based cropping systems in Ethiopia.
Given the high preference for wheat varieties with high yield potential
and good adaptation to climate variability shown by both men and
women farmers, policy makers and development practitioners should
prioritize the dissemination of improved wheat varieties that possess
these characteristics. This could be achieved through targeted extension
services, farmers’ field schools, and the provision of affordable access to
quality seed. In addition, the divergent trait preferences between men
and women farmers call for developing gender-specific strategies in
varietal development and seed delivery systems that cater to the specific
needs and preferences of each group. Moreover, in addressing the
observed influence of rainfall patterns on trait preferences, policies
should focus on strengthening farmers’ understanding of the relation-
ship between crop traits and local environmental conditions. This could
be achieved through capacity building and tailored advisory services for
men and women farmers on climate-smart agricultural extension pro-
grams, where farmers are equipped with the knowledge and skills to
adapt their farming practices to the changing climatic conditions.
Furthermore, providing insurance against rainfall shocks could be a
promising policy avenue to reducing farmers’ risk in choosing high-
yielding varieties and improving their adaptive capacities.

Finally, we would like to address some limitations of our study.
Firstly, we focused on only six wheat traits that are commonly explored
in trait preference research and were identified through pre-survey re-
sults and expert discussions to analyze preferences. However, it is
important to note that there are numerous other traits that could be
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considered in future studies. Including a wider range of traits in the
analysis would provide a more comprehensive understanding of pref-
erences. Secondly, although we examined gendered differences in trait
preferences and incorporated significant variables that were dis-
aggregated by sex, there are still several variables that were not dis-
aggregated by gender, such as asset ownership and the distinct activities
undertaken by men and women in the households. Having this level of
disaggregation would have allowed for more precise results and in-
terpretations, considering the gender dynamics at play. Additionally,
while it can be challenging and has limitations, conducting trait pref-
erence assessments through framed experiments would have provided
more informative insights. Despite not utilizing such approaches in this
study, our findings remain relevant and can offer valuable policy
recommendations.
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