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1. Introduction

Maize is a central component of food security and economic wellbeing for more than 32
million households in sub-Saharan Africa (SSA) (personal communication, Tsedeke Abate,
March 2015). In SSA, maize cultivation is almost completely rain-fed, and therefore dependent
on the region’s variable precipitation. Around 40% of Africa’s maize-growing area faces
occasional drought stress in which yield losses are 10-25%. Around 25% of the maize crop
suffers frequent drought, with losses of up to half the harvest (CIMMYT, 2013). Some climate
change models have consistently predicted increased incidence of drought for SSA (Li et al.
2009), so drought-related challenges to achieving food security will likely continue and possibly
increase.

African farmers are not helpless in the face of variable and changing climates; they
already adapt to climate variability and change in a multiplicity of ways (Deressa et al., 2009;
Carr, 2008a; Kinsey et al., 1998; Fisher et al., 2010). However, in some parts of SSA, the
magnitude and speed of the predicted changes are likely to outstrip the local efforts to manage
those changes, and large public and private investments in crop breeding, irrigation
infrastructure, and safety nets (e.g., micro-insurance) are needed to meet the food needs of the
growing human population (Burke and Lobell, 2010).

While the development of new seed technologies that can manage the stresses of likely
future climatic variability and change presents numerous technical challenges, ensuring these
seeds meet the needs of a diverse set of farmers presents another crucial, yet less-considered,

challenge. This challenge is particularly clear when considering the needs and preferences of



men and women farmers. While modern seed varieties are intended to benefit a wide range of
producers, empirical studies reveal that women farmers have relatively low rates of adoption of
agricultural technologies associated with increased crop yields (Peterman et al., 2010). Further,
research suggests that men are more likely than women to adopt measures for adapting to climate
change, such as soil conservation, tree planting, and changing crop varieties (Deressa et al.,
2009). Where gender gaps characterize the adoption of agricultural technologies, women’s
empowerment is challenged and societies experience real costs in terms of untapped potential in
agricultural output, food security, and economic growth (Ragassa, 2012).

This paper addresses the character and causes of apparent gender gaps in the adoption of
modern seed varieties through the case of the Drought Tolerant Maize for Africa (DTMA)
project. To reduce the sensitivity of farming systems to drought and improve food security,
DTMA has developed about 190 drought-tolerant (DT) maize varieties between 2007 and 2014.
Through national agricultural research systems and private seed companies, these varieties have
been extended and released to farmers in 13 SSA countries (CIMMYT, 2013). On-farm trials
across a range of sites in East and Southern Africa revealed that DT maize varieties out-yield
popular commercial checks by 83-137% (controlled drought), 26-47% (random drought), and
25-56% (optimal rainfall conditions) (personal communication, Tsedeke Abate, March 2015). At
the same time, it is clear that women farmers are slow to adopt the new DT maize varieties (see

Figure 1).! The figure reveals a narrower gender gap in adoption in the case of non-DT modern

Modern maize is here defined as hybrid, recycled hybrid, or open pollinated varieties (OPVs),
and is contrasted with local maize varieties. While modern maize varieties are the result of crop
science breeding, local varieties are the product of centuries of selection by farmers and the
natural environment. We also contrast drought tolerant (DT) and non-DT modern maize, in that
DT modern maize was bred to be tolerant to drought, whereas non-DT modern maize was bred
for traits other than drought tolerance (e.g., yield, early maturity, disease resistance).



maize (i.e. modern maize bred for traits other than drought tolerance) vs. DT modern maize.
Because non-DT varieties have been in circulation for longer than DT varieties, this trend may
suggest prospects for reducing the gap in DT maize cultivation rates among women and men
farmers over time. Nonetheless, the fact remains that in Uganda the initial uptake of DT modern
maize is marked by a significant gender gap.

[Insert Figure 1]

In this paper, we seek to understand how gendered roles and responsibilities influence
adoption of DT maize in SSA, and therefore uncover opportunities to address and lessen gender-
based differences in seed adoption. Addressing this challenge could broaden access to the
potential benefits for climate change adaptation that may proceed from seed use. The paper
begins with a brief overview of the place of gender in African agriculture and agricultural
decision-making to frame the issue of how gender-based roles and responsibilities impact seed
adoption. Household survey data for Uganda are used to empirically study local patterns of
landholding and agricultural decision-making. Regression models are estimated in order to test
hypotheses for the observed gender gap in DT maize adoption and to gain insights into the
impact of gendered roles and responsibilities on adoption of new agricultural technologies.
Empirical model results are assessed in terms of whether or not they support or refute the study
hypotheses and their implications for the development of well-targeted and socially-inclusive

adaptation policies (Below et al., 2012).

2. Gender and agricultural decision-making in sub-Saharan Africa
While it appears that DT maize presents significant benefits to African farmers, the

uptake of any new agricultural technology is governed by more than its utility. A farmer’s



characteristics, such as gender, age, and income, shape his or her roles and responsibilities with
regard to agricultural production and livelihoods (e.g. Carr, 2008b; Simtowe, 2010; Buechler,
2009; Koopman, 2009; Molua, 2010), and therefore strongly influence the decision to adopt a
new technology. Women are heavily engaged in agricultural production across SSA. However,
in many contexts agricultural decision-making falls outside their roles and responsibilities, and
women are, therefore, unable to adopt new farm technologies. For example, among the Bambara
in Mali, agricultural decision-making is largely concentrated in the hands of senior men in an
extended family (Becker. 1990; Akeredolu et al., 2007; Grigsby, 2004), limiting women’s use of
new agricultural and adaptation technologies like climate services (Carr, 2014). In other cases,
women may not make decisions on agricultural technology uptake, but may still influence those
decisions. Negotiation between a husband and wife over the demand for her labor, for example,
can have profound effects on the rate of adoption of labor-increasing technologies. For example,
studies in Mali and Cameroon have found that agricultural technology adoption occurred but
husbands had to compensate their wives for increased labor supply (e.g., Lilja, 1996; Jones,
1986). Other research has found that, in a range of settings, wives simply refused to supply labor,
opting instead to devote time to their own enterprises (for a review, see Blumberg, 1991).
Among farmers who have agricultural decision-making responsibilities, the expectations
associated with different social categories can constrain their decisions. Much literature
recognizes the existence of gendered agricultural practices in many parts of the Global South
(e.g. Arndt and Tarp, 2000; Doss, 2002; Ezumah and Di Domenico, 1995; Gladwin, 1992;
Kevane, 2011; Sachs, 1996), practices that are generally enforced through both social norms and
institutions such as land tenure (Agrawal, 2003; Tripp, 2004). For example, Carr (2011)

demonstrates that the convergence of a male-controlled land tenure system and widely-held



gendered roles and responsibilities in Ghana’s Central Region lead women to select vegetable
crops that are useful for subsistence consumption, as opposed to tree crops that are both more
robust in the face of climate variability and more valuable in local markets.

Finally, a growing literature recognizes that the roles and responsibilities of individuals
and groups with regard to agricultural production are shaped, not through a single identity, but
through the convergence of multiple identities. In the context of gender, several authors have
argued that focusing on the differences between men and women overlooks more complex
identities within these broad categories that influence agrarian and climate change adaptation
outcomes (Carr, 2008b; Dankelman, 2002; Demetriades and Esplen, 2008; Djoudi and
Brockhaus, 2011; Kaijser and Kronsell, 2013; MacGregor, 2010; Warner and Kydd, 1997). A
growing literature in both gender and development, and now gender and adaptation, recognizes
that gender takes meaning in the context of age, caste, and livelihoods (see Carr and Thompson,
2014 for a review). Therefore, to gain insights into the causes of observed adoption patterns it is
important to go beyond simple comparisons between women and men and consider which men
and which women are adopting and why.

It is with this literature in mind that we seek to understand differences in adoption of
drought-tolerant maize seeds by different farmers in the sample — not merely men and women,
but also different kinds of men and women, where such differences reflect distinct roles and
responsibilities that shape the patterns of observed agricultural decisions. This literature guides
the development of an empirical model that enables us to test four hypotheses for how gender
roles and responsibilities influence agricultural technology adoption. Before turning to the
empirical modeling, however, the next section describes the Uganda household survey data and

the study context.



3. Data and study context

3.1 Survey sites and data collection

Data are from a household survey of 408 households and 696 individuals (householders
and their spouses) in eastern Uganda, completed in 2014. The survey was a collaborative effort
between the International Maize and Wheat Improvement Center (CIMMYT, lead institution),
Michigan State University, Makerere University, and Uganda’s National Agricultural Research
Organization (NARO). The geographical focus was eastern Uganda, where DTMA project
activities have been concentrated. Three DTMA-dissemination districts were randomly selected
to represent the region, and 34 villages were selected with probability proportional to size
sampling, using information from the 2012 Uganda Census. From each sampled village, a simple
random sample of 12 households was selected for interview.

The survey involved face-to-face interviews with household members using two
structured questionnaires (a household and an individual questionnaire), a risk elicitation
experiment with household members, and interviews with key informants using a village
questionnaire. Household heads were the main respondents of the household questionnaire. In
spousal-couple households, efforts were made to include spouses in the interviews. The
household questionnaire collected information on demographics, agricultural landholdings,
maize varieties cultivated, agricultural input use, quantity of maize harvested and sold, and
socio-economic conditions.

For the individual questionnaire, the household head and, where applicable, the spouse
was interviewed. The interviews with householders and their spouses took place concurrently but

privately, and we usually matched the gender of interviewer to that of the respondent. The



questionnaire collected gender-disaggregated data on drought-risk perceptions, technology
preferences, awareness of and demand for DT maize seed, and access to information and credit.

The survey administered a risk elicitation experiment to sampled household heads and
spouses to measure their risk preferences, using the Gneezy and Potters (1997) approach. After a
detailed explanation of the ‘game’, respondents were privately asked to allocate among two
fictitious maize varieties 0 to 10 kg of seed. One maize seed variety had the same yield and
payoff regardless of rainfall conditions (good vs. bad); the other maize variety had a high
yield/payoff when the weather was favorable, but a low yield/payoff under poor rainfall. The
game had real payoffs (0 to 15,000 Ugandan Shillings), which depended on both the farmer’s
choice of maize seed allocation and the rainfall outcome determined by the roll of a die.

The village questionnaire was conducted with four key informants: a local council
chairperson, a village extension officer, a progressive farmer; and a local opinion leader. This
questionnaire was used to collect village-level information on demographics, economic
activities, institutions and infrastructure, maize growing conditions, and wages/prices.

Several measures were taken to assure high quality data. To reduce respondent fatigue,
households were visited in two rounds over the survey period. The household questionnaire was
administered in June 2014; the individual questionnaire and risk experiment took place in July
2014. We set a maximum of four interviews per day per enumerator to reduce enumerator fatigue
and allow time at the end of each day for field editing of the questionnaires. Enumerators were
closely supervised throughout the survey by two supervisors and one of the authors of this paper.
Where enumerators or supervisors found suspected errors or omissions, telephone calls or

revisits with the respondent were required to correct or complete the questionnaire.

3.2 Gender and access to, and control of, agricultural land in Uganda



To assess the interrelationship between gender and agricultural production in rural
Uganda, it is necessary to understand gendered roles, responsibilities, and access to agricultural
resources, especially land and labor. In Uganda, the context of gendered roles and
responsibilities varies between regions, but in general, strong patrilineal and patriarchal
structures predominate so that women’s economic autonomy and access to, and control of,
resources, particularly land, is relatively more constrained than elsewhere in East Africa
(Kasente et al., 2002). The legal status of women has improved since the new constitution of
1995, but Ugandan women still face considerable de facto discrimination. For example, cultural
practices related to land dictate that in much of Uganda women do not own land. Women gain
access to land mainly through their relations with fathers, husbands, and brothers, and the land
allocated to women by their male relations is often in the form of small fragmented plots on
marginal lands. Women are often displaced from their land upon dissolution of their marriage or
death of their spouse. Legal constraints to women’s land ownership were eliminated with the
new constitution, but women are often unaware of their rights (Kasente et al., 2002).

The CIMMYT Uganda survey collected information on gender-based differences in the
ownership and control of agricultural land. For plots owned by the sampled households,
respondents were asked which household member was considered the plot owner; up to two
household members could be mentioned with the primary owner listed first. Respondents
reported that 85% of maize plots were owned only by the household head, 2.5% by the spouse of
the household head, and joint ownership applied to 12.5% of maize plots. Table 1a shows the
primary owners of maize plots cultivated by relationship to the household head and gender of the
individual. The data indicate that women farmers were the primary owners of 16% of maize

plots, and men farmers for 84% of maize plots.



[Insert Table 1a]

For cultivated maize plots, the Uganda survey asked respondents which household
member had primary responsibility for decisions regarding the maize variety to cultivate. As
with plot ownership, only household heads and spouses were mentioned as having such decision-
making responsibility. The data indicate that women farmers were mentioned as the main
decision-maker for maize variety for 26% of the plots (Table 1b). The considerable difference
between married women’s ownership (2% of maize plots, Table 1a) and decision making (13%,
Table 1b) is likely explained by Uganda’s patrilineal land inheritance system, as described
earlier. Table 1b shows that wives were the main decision-maker on maize variety for 13% of
cultivated maize plots. Further data exploration reveals that only 5% of sampled wives had this
decision-making role, often managing multiple maize plots.

[Insert Table 1b]

The Uganda survey data show some differences in maize plot characteristics based on
gender and household status of the person who made decisions on maize variety for the plot
(Table 2). Characteristics of plots managed by husbands in households headed by the wife are
not included given there were only two such plots. Men household heads (MHHs) cultivated
larger plots and had larger farm size than women household heads (WHHs). No statistically
significant differences were detected among the three groups in terms of plot tenure and the
farmer’s assessment of their maize plots’ soil fertility and slope. Rain-fed maize farming was
predominant for all categories.

[Insert Table 2]

3.3 Gender and agricultural labor in Uganda
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Women and men have distinct roles in cropping systems throughout Uganda: they are
engaged in the production of different crops and there is some gender division of labor in
cropping activities. The degree to which the traditionally defined gender roles and
responsibilities are followed in practice varies considerably across locations and over time
(Kasente et al., 2002). Men tend to concentrate on cash crop production, especially when it is
highly mechanized. Women, meanwhile, emphasize production of food crops, mainly for family
consumption, while simultaneously providing much of the labor for cash crop production. In
terms of specific agricultural tasks, one study found that women on average contributed 55% of
labor for land preparation, 65% for planting, 85-90% for weeding, over 95% for food processing,
and a high percentage of rural water and fuelwood acquisition (Opio, 2003). In addition to
supplying the bulk of agricultural labor, women are responsible for cooking, cleaning, and taking
care of dependent household members (Kasente et al., 2002).

The CIMMYT Uganda survey did not collect data on family labor. Although labor is a
crucial farming input, we opted for a survey instrument that prioritized collection of key data that
can be collected with a reasonable degree of accuracy in rural Africa. Time allocation is
notoriously difficult to collect in rural Africa where farmers rarely wear watches or keep track of
hours allocated to various farming activities. We used the Uganda Living Standards
Measurement Study (LSMS) for 2011/12 to explore patterns of labor availability on plots
managed by WHHs, wives in spousal-couple households, and MHHs. Table 3 shows that farm
plots managed by MHHs had greater overall numbers of household laborers than those plots
where the main decision-maker was a WHH or a wife. Compared to men’s plots, women’s plots
had access to greater supplies of women’s and children’s labor but lower access to men’s labor.

Note that the sum of the different categories of labor do not equal the total household labor
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supply because the Uganda LSMS survey instrument asked respondents for total number of
laborers who worked a plot and then asked them to list the three household members most
involved on the farm plot.

[Table 3 here]

4. Modeling approach and research hypotheses

4.1. The empirical model

The CIMMYT Uganda survey data are used to understand how gendered roles and
responsibilities influence adoption of DT maize varieties. We estimate a multinomial logit
(MNL) model in which the dependent variable is categorical, indicating the type of maize grown
by a farm plot manager on her/his plot: local maize, non-DT modern maize, and DT modern
maize. The selection of explanatory variables is based on review of three bodies of literature: the
literature on gender roles and responsibilities reviewed earlier in the paper, as well as empirical
research on agricultural adaptation (e.g., Jain et al., 2015; Below et al., 2012) and technology
adoption in low-income settings (e.g., Doss, 2006; Feder et al., 1985). We categorize these
explanatory variables as biophysical, economic, and social. Table 4 provides the definition, unit
of analysis, and descriptive statistics for all model variables.

[Insert Table 4]

The empirical model includes biophysical factors to reflect maize growing conditions:
land quality, proxied with a binary variable indicating the farmer rated her maize plot’s soil
quality as good; an indicator variable for irrigation on the plot; and altitude of the farmer’s
house. Biophysical factors, such as agroecology, are also captured by binaries for district of
residence. Influential economic factors are the acreage and land tenure system of the maize plot,

access to cash (proxied by the poverty score card) or credit to purchase seed and complementary



12

inputs, awareness of DT maize seed, source of information, if any, on modern maize, and market
access, measured by distance to the nearest agricultural inputs market.? The poverty score card is
a simple yet accurate and precise approach to measure poverty, based on ten indicators that
measure household size, education of household members, housing conditions, and household
goods’ ownership (Schreiner, 2011). Since labor supply and education are part of the poverty
score, those variables are not included separately in the regressions.

As discussed above, the roles and responsibilities associated with particular socio-
demographic categories also matter for farming decisions. To capture these factors, the model
contains variables for the gender, relationship to the household head, and age of the farm plot
decision-maker. We include variables that likely reflect gendered roles and responsibilities: the
farm plot manager’s willingness to take on agricultural risk, drought risk perception, and
preference for specific maize variety traits. We measure willingness to take on risk based on the
farmer’s response to the risk elicitation experiment described earlier.

As measures of preference for maize variety attributes, we include binary variables for
whether the farmer stated a preference for the two attributes on which the new DT maize
varieties are promoted: yield and drought tolerance. A binary variable for whether the farmer
mentioned a preference for consumption traits like taste, poundability, and flour-to-grain ratio is
included. Finally, to control for seasonality, we include a dummy variable for the 2014 major

rainy season.

4.2. Research hypotheses

Prices for maize grain, maize seed, and fertilizer were collected at village level, but are not
included among the economic factors, due to many missing values for these variables.
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The empirical model is used to investigate four main hypotheses for how gender
influences adoption of new agricultural technologies. We begin by testing two hypotheses for
gender gaps in modern maize adoption, related to differences between women and men farmers
in (1) technology preference and (2) resource access. Two steps make up the testing of these two
hypotheses. First, results of the MNL model indicate whether or not the hypothesized factors
significantly influence cultivation of DT modern maize. Second, where significant association is
found, we test for significant differences in the means of these variables across WHHs, married
women, and MHHSs.

The first study hypothesis concerns technology preferences. It has not previously been
directly tested, but research suggests that in many contexts the specific roles and responsibilities
of women and men farmers result in gender-based differences in preferences for crop species and
varieties (Beuchelt and Badstue, 2013; Carr, 2008b). For example, research in Mexico and
southern Africa (Bellon et al., 2006; for a review see Doss, 2001) found that men farmers often
prefer high-yielding maize varieties and the opportunity to market surplus maize production,
reflecting their role as the household’s provider of cash income. Married women farmers in these
contexts were found to prefer maize varieties that are palatable, nutritious, and meet processing
and storage requirements given their responsibility for maize processing, storage, and cooking.
Women who head households might be expected to have variety preferences that balance
production and consumption traits, given their need to provide food for domestic consumption as
well as generate income for other household needs. The different needs of different farmers are
unlikely to be equally met by DT maize. Because crop breeders often do not consult women
farmers, modern varieties generally do not match the specific criteria of women farmers for

maturation periods, yields, taste, and other attributes (Quisumbing and Pandolfelli, 2010).
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To test the technology preference hypothesis, we include in the MNL model variables for
farmer preference for yield, drought tolerance, and consumption traits in maize, and a drought-
risk perception variable. The rationale for the latter variable is that a farmer’s appraisal of the
threat of drought is associated with his or her motivation to adopt a new technology that can
protect against moderate drought (Truelove et al., 2015). The second component of the
hypothesis test rests on statistically significant differences in the technology preference variables
for MHHs, WHHs, and wives in spousal-couple households.

In the literature, the observed lower agricultural-technology adoption rate among women
vs. men farmers is most often attributed to women having reduced access to resources that enable
adoption (Doss and Morris, 2001; Smale, 2011; Fisher and Kandiwa, 2014). For example, Doss
and Morris (2001) studied 420 Ghanaian farmers and found that the observed lower-adoption
rate among female farmers was not due to a lower propensity to adopt chemical fertilizer and
modern maize seed, but reflected more limited access to complementary inputs, especially land,
labor, and agricultural extension services. We complement previous tests of the resource access
hypothesis with inclusion in the empirical model of several variables that reflect resource access:
maize plot size and tenure, farmer assessment of the plot’s soil quality, access to irrigation, the
poverty score card, access to credit, and information access.

A third hypothesis follows the literature on gender and development discussed above, and
moves the empirical analysis beyond simplistic associations between gender and technology
adoption, which has been the dominant approach in the literature (e.g., Doss and Morris, 2001;
Smale, 2011). To understand how the multiple identities of farmers and their associated roles and
responsibilities impact technology adoption decisions as best as possible with the data at hand,

the regression model disaggregates the sample into three groups: MHHs, WHHs, and wives in
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spousal-couple households.? Poverty status and age are then interacted with the three farmer
groups to generate 12 dummy variables. We take a simple approach to defining ‘poor’, ‘non-
poor’, ‘younger’, and ‘older’ farmers, using median values as cut-offs between groups. The
inclusion of the dummy variables in the regression modeling allows us to identify the crop
adoption-relevant identities of farmers within these groups, specifically how the influence of
farmer gender on DT maize adoption differs, depending on whether a farmer is younger and poor
vs. older and poor or younger and non-poor vs. older and non-poor. We refer to this hypothesis
as the farmer identities hypothesis.

The fourth study hypothesis is that in spousal-couple households the adoption decision is
reached through a bargaining process between the household head and the spouse. In line with
this contention, we estimate an expanded regression model that adds explanatory variables
reflecting the wife’s labor availability and bargaining power for a sub-sample of plots where the
decision-maker is a married MHH. While it would be insightful to run a separate regression for
plots managed by wives and include the husband’s characteristics as explanatory variables, the
number of wife-managed maize plots is too few for viable results.

The ability to mobilize women’s labor is expected to influence DT maize adoption where
the counterfactual is cultivation of local maize. The switch from local to modern maize usually
entails some increase in labor requirements, due to greater fertilizer application and the increased
need for weeding when fertilizer is applied. Furthermore, the yield gain associated with

switching from local to modern maize varieties should increase labor demand for harvesting and

3We initially disaggregated into six groups: married women heading households, unmarried
women heading households, married men heading households, unmarried men heading
households, wives in households headed by men, and husbands in households headed by women.
Only the retained three groups had sufficient numbers (n> 30) to include in the regressions.
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processing activities. Since women do the bulk of crop weeding and processing in Uganda,
adoption of DT maize is likely to increase demands on their time. It should not be assumed that
women will willingly increase their workload when demand for their labor increases (Lilja,
1996; Jones, 1986). In the process of adopting new agricultural technologies, labor allocation
within the household may be renegotiated, and to understand the adoption outcome it is
important to be aware of what opportunities are available to women (and men), both on and off
farm. Furthermore, studies reveal that women’s bargaining power affects a range of outcomes,
including adoption of new agricultural technologies (for a review, see Doss, 2013).

Women'’s bargaining power is often rooted in everyday actions of resistance, such as the
withholding of domestic duties such as cooking (e.g. Carr, 2011), and therefore difficult to
observe and a challenge to measure through surveys (Doss, 2013), but there are several useful
proxies, including having resources such as income and assets (Agarwal, 1994; Quisumbing,
2003). Research suggests that the strength of a wife’s bargaining power is better proxied by her
relative traits in comparison with her husband rather than her absolute traits (Grossbard-
Shechtman and Neuman, 1988). For example, being relatively well educated compared to her
partner appears to have a stronger positive impact on a wife’s bargaining power in the household
than her absolute earnings (Koolwal, 2005). Similarly, it has been found that the age difference
between partners is influential to individual bargaining power (Friedberg and Webb, 2006).

Building on the literature, we include in the expanded MNL model a binary variable for
whether or not the wife had control over agricultural income or worked off farm, as a measure of
the opportunity cost of her time spent working on her husband’s maize plot. To measure the
wife’s bargaining power, in addition to the latter variable, we include three binary variables to

indicate whether or not the wife was the sole owner or joint owner of a maize plot, had higher



17

educational attainment than her husband, and was older than her husband. We include variables

for the wife’s age and education to assess if absolute or relative measures matter more.

5. Results

Table 5 presents goodness-of-fit statistics, marginal effects, and z-statistics for MNL
models where the categorical dependent variable is cultivation of local maize, DT modern maize,
and non-DT modern maize. We report results for DT maize cultivation only, but findings for
local maize and non-DT modern maize are available upon request. The second and third columns
of Table 5 report results for the full sample of maize plots and inform the technology preference
and resource access hypotheses. The fourth and fifth columns introduce interaction terms to test
the farmer identities hypothesis. The last two columns of the table are results for a sub-sample of
spousal-couple households headed by a man. For the sub-sample MNL model, we include
characteristics of the wife alongside those of the husband to gain insights on intra-household
dynamics and their implications for agricultural technology adoption.

[Insert Table 5]

Starting with the goodness-of-fit measures at the bottom of Table 5, the pseudo-
R’statistics and the percent of correctly classified observations suggest our models fit the data
reasonably well. To assess multicollinearity problems, variance inflation factors (VIFs) are
computed for independent variables. The highest VIF is 2.80. Thus multicollinearity does not
appear problematic. In Table 5, marginal effects are reported because coefficients can be difficult
to interpret for the MNL model, given the need to compare to a base outcome. The z-values in
the table are based on robust standard errors adjusted for clustering on village, to account for the

random selection of villages and the natural clustering of households within them.
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Results in Table 5 indicate that, controlling for other important determinants, being a
WHH or a wife decreases the average probability of growing DT maize by 26 and 16 percentage
points, respectively (p < 0.05). Other factors found to be significantly and negatively associated
with growing DT maize are having a preference for high-yielding maize and living at higher
altitudes (the varieties are not suitable for cultivation above 1,600 meters). Adoption of DT
maize is lower in Iganga and Tororo districts than in Bulambuli district. Variables having a
positive association with DT maize adoption include market tenure of the maize plot, availability
of credit, awareness of DT maize, receipt of information on modern maize seed from research
centers, and the reported number of years in the last five in which drought resulted in maize

harvest loss.

5.1. Hypothesis 1: Technology preference

To assess the evidence in favor or against the technology preference hypothesis, we first
look at the marginal effects for the relevant variables in the second/third columns of Table 5.
Two of these variables are found to influence DT maize adoption significantly: a preference for
high-yielding maize and reported number of years in the last five in which the household
experienced drought-induced maize harvest loss. That the proxy variable for perceived drought
risk is positively associated with adoption of DT maize is as expected. The finding that
preference for yield has a negative association with DT maize adoption may suggest that farmers
mistakenly believe that cultivation of the new DT maize varieties entails a tradeoff between grain
yield and drought risk mitigation. It may also signal a problematic interaction of DT varieties
with those aspects of livelihoods currently aimed at managing agricultural risk, but the survey
data at hand do not allow us to explore this possibility. We next examine the data for differences

in technology preference between women and men farmers.
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The survey asked respondents to list their three preferred maize varieties and the three
main characteristics that make the variety preferred. A total of 16 preferred varieties were
mentioned, and women householders, wives, and men householders mentioned the same top
three varieties. In terms of preferences for maize traits, a total of 29 maize traits were reported.
The 10 most common traits were the same for women and men farmers, although there were
slight differences in rank order across groups. No statistically significant differences are found
between the three farmer groups in terms of preferences for grain yield or drought tolerance traits
in maize. Among the top 10 ranked maize traits, consumption-related traits (fresh maize taste,
posho taste, and posho quality) account for 27%, 21%, and 19% of responses for WHHs, wives,
and MHHs, respectively, with the differences between WHHSs and the other groups significant.*

Next we ask if the data suggest differences between women and men farmers in drought
risk perception, measured as the farmer’s report on number of years in the last five in which the
household experienced drought-induced maize harvest loss. The mean values for this variable are
1.80, 1.78, and 1.40 years for WHHs, wives, and MHHs, respectively, and none of the
differences in means across groups is statistically significant (p< 0.05).

To summarize, the results suggest that technology preferences matter to a farmer’s
decision to grow DT modern maize, but we find no evidence in support of the technology
preference explanation for lower adoption of DT maize among women vs. men farmers. Demand
for DT maize is found to be higher for farmers who perceived greater drought risk, but lower for
farmers who expressed a preference for high-yielding maize varieties. No significant difference

in drought-risk perception, yield preference, or drought tolerance preference is found between

*Posho is the word used in Uganda for a stiff porridge, usually made from maize, but also other
starches. Elsewhere it is referred to as ugali (Kenya), sadza (Zimbabwe), and nsima (Malawi and
Zambia).
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men and women farmers. WHHs are found to have a slightly higher preference for consumption-
related maize traits, compared to MHHs and wives, but the MNL model results do not indicate
an association between preference for consumption traits and DT maize adoption. The above
findings together suggest no evidence in favor of the technology preference explanation for

observed gender gaps, leading us to explore the resource access hypothesis in the next section.

5.2. Hypothesis 2: Resource access

Concerning hypothesis two, four resource access variables are statistically significant:
market tenure of the plot, credit availability, awareness of DT maize varieties, and receipt of
information on new seed from research organizations (columns 2 and 3 of Table 5). These
findings are consistent with theory and previous empirical research (Place and Otsuka, 2001;
Croppenstedt et al., 2003; Birkhaeuser et al., 1991).

As further hypothesis testing, we explore differences among women and men in the four
influential resource access variables. The data show that 46% and 51% of WHHSs’ plots were
under market tenure and customary tenure, respectively. Corresponding figures for wives are
48% and 45% and for MHHs are 41% and 56%. The numerical differences across farmer groups
and are not significant. Access to credit is based on response to the survey question “If you need
to borrow money to buy fertilizer, seed, and other inputs for maize production, how likely is it
that you will be able to borrow money from your most likely source of credit?” Farmers who
answered they were likely or extremely likely to access credit were considered as having good
access to credit. The survey data reveal similar access to credit between WHHs (47% reported
good access) and MHHs (48%). But wives in spousal-couple households are found significantly

less likely to report good access to credit for agricultural input purchases (34%).
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Turning to awareness and source of information on new seed, the survey asked farmers if
they could name any DT maize varieties and found that 46% (women householders), 59%
(wives), and 66% (men householders) could name at least one, with significance to the
differences in means only between WHHs vs. MHHs. Under the DTMA project and Uganda’s
NARO, researchers typically expose farmers to new technologies through participatory varietal
selection, agricultural shows, field days, and demonstration plots. The percentages of WHHs,
wives, and MHHs that mentioned research centers as a main information source are 0%, 7%, and
11%, respectively, with the differences between MHHs and WHHs significant.

To summarize, empirical results provide some support for the resource access hypothesis.
We find that married women farmers are less able to try new varieties partly due to lower access
to credit than men farmers. Limited access to information on new seed appears an adoption
constraint for WHHs who, compared to MHHs, are less aware of DT maize varieties and less
likely to have benefited from agricultural research center activities (e.g. demonstration plots and
field days). Given the high impact of research centers on DT maize adoption (Table 5), farmer
uptake could greatly increase if more women and men farmers were reached by this source of
agricultural information.
5.3. Hypothesis 3

The fourth and fifth columns of Table 5 display results for the 11 dummy variables that
enable us to test the farmer identities hypothesis. The reference category for the dummy
variables is a younger, non-poor MHH. One overall finding is that the marginal effects are small
and insignificant for the different groups of men farmers, indicating that age and economic status
are not influential to their DT maize adoption. Another general result is that women farmers have

a lower probability of adopting DT maize compared to men farmers. However, the gender-age-



22

poverty dummy variables reveal important differences between women farmers on the basis of
age and poverty status. Among the non-poor women farmers, being older (i.e. above the median
age of 42 years) is associated with reduced probability of adopting DT maize varieties. By
contrast, among WHHs with poverty scores below the median, we find that being younger (vs.
older) is associated with lower DT maize adoption.

The farmer group found to be least likely to adopt DT maize is young, poor WHHEs.
Interestingly, older, non-poor WHHs and wives are also highly unlikely to adopt DT maize.
While the survey data at hand do not allow for a rigorous explanation of these patterns, they
reveal that farmer identities have important impacts on agricultural technology adoption in the
case of DT maize adoption in Uganda. These findings suggest that a qualitative research effort
aimed at explaining the different rates of adoption of DT maize among these different groups of
women, for example by exploring the different agricultural roles and responsibilities associated
with each group, could yield important lessons for appropriate targeting of efforts to boost
adoption among women and close adoption gaps between different groups in the population.
5.4. Hypothesis 4

The last two columns of Table 5 report results for a sub-sample of maize plots managed
by a MHH of a spousal-couple household. The direction of association and statistical
significance of explanatory variables is nearly the same as in the full sample models, which is
not a surprise, because for most of the maize plots in the full sample the decision-maker is a
married MHH. The only differences between the full-sample and the sub-sample MNL model
concern the variables for receipt of information from public or private agricultural extension and

a preference for maize consumption traits.
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The sub-sample model includes six additional variables that proxy a wife’s opportunity
cost of time or her bargaining power, and three of these are found significantly associated with
DT maize adoption. Where women are the sole or joint owners of a maize plot their husbands are
less likely to cultivate DT maize. Further if the wife is older or more educated than her husband
he is less likely to grow DT maize. These three significant variables may be useful indicators of a
wife’s bargaining position following other studies (Doss, 2013; Friedberg and Webb, 2006;
Grossbard-Shechtman and Neuman, 1988), and our findings may thereby indicate that an
important factor limiting adoption of DT maize is the wife’s attitude toward adoption.
Unfortunately, our study cannot reveal where this attitude originates. Is it that the wife is labor-
constrained and unconvinced about the production and vulnerability benefits of DT maize?
Alternatively, the wife may understand the benefits of DT maize but doubt they will reach
household members other than the husband. As with hypothesis 3, qualitative research into the
causes of these patterns could help establish the source of women’s attitudes toward adoption,

and the means by which these attitudes influence their husband’s decisions and production.

6. Discussion and conclusion

This article, grounded in the literature on gender and development and gender and
adaptation, uses new household survey data for Uganda to examine how gendered roles and
responsibilities influence adoption of drought-tolerant (DT) maize, a new technology that can
help smallholder farmers in SSA adapt to drought risk. A key study finding is that women and
men farmers in Uganda do not have equal opportunities to adopt DT maize, mainly due to
differences in resource access, notably land, agricultural information, and credit. Owing to

Uganda’s current practices of agricultural land ownership and control, women farmers make
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decisions on agricultural input use, such as what maize variety to grow, mainly when they are the
head of their household. The CIMMYT Uganda survey data show that only 5% of sampled wives
had decision-making power over one or more maize plots, and therefore the opportunity to
independently adopt DT maize.

Where the sampled women farmers have agricultural decision-making power, their maize
plots are far less likely to be planted in DT maize compared to plots managed by men farmers,
with WHHSs having a lower average adoption rate than wives. Empirical analysis reveals that
limited awareness of the new DT maize varieties and low rates of participation in DT maize
promotion activities (e.g., demonstration plots and field days) are primary barriers to adoption of
DT maize among WHHs. Wives in spousal-couple households are about equally aware of DT
maize varieties as MHHs, which may indicate that married men and women are informing each
other about the new maize varieties. The study finds that the main factor related to the gender
technology gap between wives and MHHs is that married women have relatively limited access
to credit for purchasing maize inputs.

A second main finding of this paper is that the consideration of gender as a binary
division between men and women does not adequately capture the dynamics that shape the
patterns of DT maize adoption. Few studies of agricultural production and technology adoption
have considered the differentiation of women and men by various characteristics and how such
differentiation influences outcomes. Following the contemporary literature on gender and
identity, which sees identity (and therefore an individual’s roles and responsibilities with regard
to agricultural practice) as the intersection of different social categories, we explore various
intersections of gender with other identities, such as the relationship to the household head, age,

and poverty status. While empirical results reveal that whether a MHH was younger or older, or



25

poor or non-poor has no significant influence on DT maize adoption, important differences
among different categories of women farmers are identified. The farmer group least likely to
adopt DT maize is young, poor WHHs. Plausible explanations are that age is a proxy for farmer
experience, and less experienced farmers may be slow to adopt new technologies, and poor
farmers have less access to the capital required to purchase seed and fertilizer. Less easy to
explain is the result that older, non-poor women farmers, both wives and WHHs, are highly
unlikely to adopt DT maize. Follow-up qualitative work would help provide context to these
quantitative findings, enabling us to better explain and interpret the results, particularly those
findings that are counterintuitive.

A third important study finding is that wives can influence adoption of DT maize on plots
controlled by their husbands. Men farmers married to women who own a maize plot are less
likely to adopt DT maize. It is highly plausible that wives who own a maize plot prefer to devote
time to their own rather than their husband’s plot and are empowered to resist. Results show that
men married to women who are older and more educated than themselves are less likely to adopt
DT maize. Older, more educated women likely have higher status in their household and
community and therefore greater ability to refuse the increased demands on their time associated
with technology adoption. In addition, higher education should indicate a higher opportunity cost
of time spent working on their husband’s maize plot. As above, qualitative research methods
could complement our quantitative findings by providing greater insight into how husbands and
wives negotiate agricultural decisions in rural Uganda.

Overall, the results of the present study demonstrate that efforts to better understand
agricultural technology adoption and enable the development of well-targeted and socially-

inclusive adaptation policies must move beyond simple binary classifications of gender to more
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intersectional, situational approaches that consider how gendered roles and responsibilities
influence agricultural practices. Our results show that the reduction of gender gaps in DT maize
adoption will require separate policies that are specifically aimed at different groups of women
farmers: WHHs vs. wives in spousal-couple households, older vs. younger women, and poor vs.
non-poor women. For example, adoption of DT maize by WHHs in Uganda is likely to increase
when women farmers have good access to information on new seed. This might require
adjustments to existing DTMA project promotional activities, such as ensuring the timing of
field days are convenient for women, selecting women as contact farmers and managers of DT
maize demonstration plots, and working with women extension officers wherever possible. To
enable independent adoption of DT maize by married women who have control over maize plots,
this group of women may need to be targeted for credit assistance or by making small, affordable
packs of DT maize seed available in local markets. As for those wives who lack decision-making
power over a maize plot, one concern is that their already long workdays may increase when
their husbands adopt DT maize. Gender transformative approaches that challenge existing social
norms may be relevant. For example, recent research has demonstrated the potential for
participatory agricultural platforms (e.g., farmer field schools) to empower women and men to
challenge unequal gender roles and transgress social boundaries (Humphries et al., 2012).
Finally, the group of women farmers found least likely to adopt DT maize — young, poor WHHs
— may require multiple forms of assistance to enable them to grow DT maize and adapt to

drought risk, including access to information, credit, labor, and land.
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Figure 1. Percentages of maize plots cultivated in different types of maize and 95% confidence
intervals for the percentages, by gender of the maize plot decision-maker, CIMMYT Uganda
Survey 2014



Table 1a. Household status and gender of maize plot owners (n = 923), CIMMYT Uganda
Survey 2014

Gender

Man Woman

Head 897
774 123
Relationship to (97.2%)
household head 6
Spouse 5 71 2.8%)
779 144

(84.4%) (15.6%)

Table 1b. Household status and gender of maize plot decision-makers (n = 1,166), CIMMYT
Uganda Survey 2014

Gender

Man Woman

Head 1,007
863 144
Relationship to (86.4%)
household head 159
Spouse ) 157 (13.6%)
865 301

(74.2%) (25.8%)



Table 2. Characteristics of plots managed by women household heads (WHHs), wives in spousal-couple households, and men
household heads (MHHs), CIMMYT Uganda Survey 2014

Plot characteristics WHHs’ plots Wives’ plots MHHSs’ plots
(n=143) (n=141) (n=2862)
Mean or 95% Conf. Mean or 95% Conf. Mean or 95% Conf.
Proportion Interval Proportion Interval Proportion Interval

Area of plot (acres) 0.838  [0.756, 0.920] 0.911 [0.792, 1.029] 0.992  [0.946, 1.039]
Farm size (acres) 1.493  [1.348, 1.637] 1.902 [1.686, 2.118] 2.153 [2.061, 2.245]
Plot tenure

Customary 0.538  [0.456, 0.621] 0.482  [0.399, 0.566] 0.545 [0.512,0.579]

Market-based 0.434 [0.351,0.516] 0.454 [0.371,0.537] 0.416  [0.383,0.449]

Other 0.028  [0.001, 0.055] 0.064  [0.023,0.105] 0.038  [0.025, 0.051]
Soil fertility

Good 0.510 [0.428, 0.593] 0.305 [0.228, 0.382] 0.427  [0.394, 0.460]

Fair 0.406  [0.324,0.487] 0.532 [0.449, 0.615] 0.452 [0.419, 0.486]

Poor 0.084  [0.038, 0.130] 0.163  [0.101, 0.225] 0.121  [0.099, 0.142]
Extent of erosion

None 0.510  [0.428, 0.593] 0.468 [0.385,0.551] 0.364  [0.332,0.396]

Moderate 0.364  [0.284, 0.443] 0.404 [0.322, 0.486] 0.421 [0.388, 0.454]

High 0.126  [0.071, 0.181] 0.128  [0.072,0.183] 0.215 [0.187,0.242]
Slope

Flat 0.441 [0.358, 0.523] 0.397 [0.315,0.479] 0.339  [0.307,0.371]

Moderate 0.469  [0.386, 0.551] 0.440 [0.357,0.523] 0.489 [0.456, 0.522]

Steep 0.091  [0.043,0.139] 0.163  [0.101, 0.225] 0.172  [0.147,0.197]
Irrigated plot 0.077  [0.033,0.121] 0.078  [0.033,0.123] 0.051  [0.036, 0.066]




Table 3.Number of household members engaged in agricultural activities per acre on plots managed by women household heads
(WHHSs), wives in spousal-couple households, and men household heads (MHHs), Uganda LSMS 2011/12

Plot characteristics WHHs’ plots Wives’ plots MHHSs’ plots
(n=1,681) (n=1,070) (n=3,867)
Mean or 95% Conf. Mean or 95% Conf. Mean or 95% Conf.
Proportion Interval Proportion Interval Proportion Interval
Men 0.312  [0.286, 0.339] 0.509 [0.473,0.546] 0.904 [0.886, 0.921]
Women 1.031 [1.002, 1.059] 1.115  [1.084, 1.146] 0.954  [0.938,0.970]
Children 0.702  [0.665, 0.739] 0.565 [0.522,0.609] 0.374  [0.357,0.392]
Elderly 0.155 [0.137,0.174] 0.087  [0.069, 0.105] 0.141  [0.129, 0.153]
Total 2.618 [2.554,2.682] 2.815 [2.723,2.907] 3.096 [3.045, 3.147]




Table 4. Descriptive statistics of empirical model variables, CIMMYT Uganda Survey 2014

Variable Definition Unit of Mean or Standard
analysis proportion Deviation
Dep. var.
DT modern DT modern maize grown on maize plot Plot 0.183 0.386
Non-DT modern Non-DT modern maize grown on maize plot Plot 0.603 0.490
Local maize Local maize grown on maize plot Plot 0.215 0.411
Biophysical
Good soil Respondent rated soil fertility as good (vs. fair or poor) Plot 0.426 0.495
Irrigation Plot was irrigated Plot, season 0.058 0.234
Altitude Altitude of the farmer’s dwelling unit (1,000 meters) Household 1.232 0.257
Iganga Iganga district (vs. Bulambuli district) District 0.378 0.485
Tororo Tororo district (vs. Bulambuli district) District 0.368 0.482
Economic
Plot size Number of acres of the maize plot Plot 0.700 0.690
Market tenure Market tenure (purchased or rented) (vs. customary) Plot 0.423 0.494
Other tenure Borrowed or occupied plot without permission Plot 0.039 0.193
Poverty Poverty score Household 47.192 10.971
Credit Plot manager was unlikely to get credit for inputs Individual 0.485 0.500
Aware Number DT maize varieties plot manager has heard of Individual 1.510 1.758
Extension Extension was main source of info on new seed (vs. none) Individual 0.042 0.201
Research Research center was main source of info on new seed Individual 0.048 0.215
Input shop Input shop supplier was main source of info on new seed Individual 0.036 0.187
Farmers Other farmers was main source of info on new seed Individual 0.178 0.383
Elect media Electronic media was main source of info on new seed Individual 0.184 0.388
Distance Distance from the village to nearest input market (km) Village 8.780 8.058




Social
WHH
Wife
Age
Yield pref
DT pref
Home cons
Drought
Risk
Major season

Plot manager was a woman householder (vs. man householder)
Plot manager was a wife (vs. man householder)

Age of the plot manager (years)

Plot manager mentioned yield as a preferred trait

Plot manager mentioned drought tolerance as preferred

Plot manager mentioned consumption traits as preferred
Number of last 5 years w/ drought-induced maize harvest loss
Amount of a risky maize seed (0 to 10 kg) farmer chose to buy
Major rainy season 2014 (vs. 2013 minor season)

Individual
Individual
Individual
Individual
Individual

Plot
Individual
Individual

Season

0.123
0.130
42.968
0.477
0.428
0.573
1.467
4411
0.586

0.329
0.337
13.920
0.500
0.495
0.495
1.201
3.282
0.493




Table 5. Multinomial logit results for adoption of DT modern maize for the full sample, CIMMYT Uganda Survey 2014

Full sample, no interaction  Full sample, with interaction Male head sub-sample
terms terms
Marg. Eff. z-value Marg. Eff. z-value Marg. Eff. z-value
Biophysical
Good soil 0.00003 0.001 -0.007 -0.24 0.016 0.45
Irrigation 0.018 0.29 0.036 0.60 0.064 0.83
Altitude -0.334 -3.02 -0.319" -2.89 -0.482" -4.06
Iganga -0.279° -6.51 -0.274" -6.17 -0.315" -5.41
Tororo -0.210° -5.21 -0.193" -4.89 -0.291" -4.97
Economic
Plot size 0.012 0.50 0.012 0.48 -0.003 -0.09
Market tenure 0.082° 2.44 0.078" 2.28 0.087" 2.11
Other tenure 0.072 0.92 0.079 1.03 0.114 1.70
Poverty -0.001 -0.46 -0.002 -0.69
Credit 0.071° 2.10 0.076" 2.23 0.095° 2.22
Aware 0.031° 292 0.029" 2.66 0.043" 3.31
Extension -0.015 -0.22 -0.025 -0.37 0.288" 3.08
Research 0.362" 4.07 0.341" 3.78 0.367° 3.87
Input shop -0.153 -1.36 -0.145 -1.36 -0.167 -1.69
Farmers 0.035 0.70 0.040 0.77 0.046 0.75
Elect media -0.048 -0.80 -0.048 -0.78 -0.091 -1.30
Distance -0.002 -0.81 -0.002 -0.85 -0.003 -0.72
Social
WHH -0.264" -3.00

Wife -0.159" -2.41




Age -0.001 -0.88

Yield pref -0.087" -2.57 -0.088" -2.57 -0.110° -2.82
DT pref -0.005 -0.13 0.002 0.04 -0.032 -0.69
Cons pref 0.024 0.53 0.021 0.48 0.101° 2.27
Drought 0.028" 1.98 0.029" 2.03 0.035 1.77
Risk 0.006 0.90 0.007 0.96 0.009 0.94
Social identities
Younger, non-poor WHH -0.486" -4.04
Younger, non-poor wife -0.257" -1.96
Older, non-poor MHH -0.083 -1.23
Older, non-poor WHH -1.507" -6.54
Older, non-poor wife -1.647" -7.36
Younger, poor MHH -0.056 -0.89
Younger, poor WHH -1.909" -10.10
Younger, poor wife -0.108 -1.02
Older, poor MHH -0.054 -0.88
Older, poor WHH -0.295" -3.40
Older, poor wife -0.263 -1.72

Characteristics of wives in spousal-

couple households

Wife owns a maize plot -0.134" 2.14
Wife had on- or off-farm income -0.043 -0.69
Wife’s age -0.003 -1.35
Wife older than husband -0.362" -2.43
Wife’s education 0.014 1.48
Wife more educated than husband -0.121° -1.93

Major season 0.010 0.90 0.012 1.02 0.011 0.68




Observations (maize plots) 979 979 704
Pseudo-R? 0.21 0.24 0.25
Correctly classified (%) 67.93 69.66 72.73

* Indicates statistical significance at the 0.05 level or better.
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