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A B S T R A C T   

The global pandemic has accentuated inequalities, with vulnerable populations in developing countries fairing 
worst. In rural sub-Saharan Africa, restrictions on mobility to limit the spread of COVID-19 negatively impacted 
access to extension services and inputs by farmers. In response, countries deployed digital technologies to meet 
some of these challenges in the context of existing income, gender and spatial inequalities and historic declines in 
funding for public extension. Focusing on Uganda, which had one of the longest and strictest lockdowns, the 
paper used panel datasets of farmers from 2005 to 2019/2020 and found persistent socio-economic and gender 
inequalities in access to extension. Data from rapid rural surveys from 2020 to 2021 and a review of recent 
literature suggest these inequalities increased during the pandemic. The paper then builds on the structure and 
reforms of the current extension system to assess the potential of the digital services and their added value given 
the inequalities observed. The paper finds that the ability of government-led, inclusive, digital extension services 
is limited unless investments in extension are increased. In light of long-term declines in funding for extension, 
future research should focus on the effectiveness of policies to encourage private sector-led digital extension 
efforts to strengthen the pro-poor nature of agricultural growth.   

1. Introduction 

The COVID-19 pandemic accentuated inequality across the globe 
[1]. Income inequality, for example, was predicted to increase for 
emerging markets and developing countries, impacting the most 
vulnerable the hardest [2]. In a sub-Saharan African context, the most 
vulnerable include women relying on the agricultural sector for their 
main income source. There is broad agreement in the literature that 
rural inequality is extensive in developing countries [3] and that gov
ernment extension services are not setup to explicitly reduce rural 
inequality. Policies to limit the spread of COVID-19 through restrictions 
on mobility and direct contact could have further reduced that ability of 
extension to reach the rural poor. The potential to use ICT (information 
and communication technology) to provide agricultural information to 
rural areas offers one avenue to overcome these challenges. To date, no 
research has investigated the different roles that income, gender, and 
space play in shaping unevenness in supply of and access to agricultural 
extension. 

The objective for this paper is to investigate the potential of the 

government agricultural extension services in Uganda to support in
clusive growth in the agricultural sector post-pandemic. The paper first 
offers a synthesis of the literature on inequality as it relates to agricul
tural development in general and agricultural extension in particular. 
Second, the discussions of the impact of inequalities are grounded by a 
case study of Uganda, which draws upon the most extensive panel-series 
of data available for sub-Saharan Africa using the World Bank’s Living 
Standards Measurement Study—Integrated Surveys on Agriculture 
(LSMS-ISA) dataset [4]. The dataset contains panel household data from 
2005 to 2019/20 using seven waves of data collection. Inter-household 
trends in Ugandan agriculture are analyzed to identify patterns 
pre-pandemic. Third, the review of pre-COVID-19 trends is supple
mented with results from a high-frequency survey administered after 
March 2020 [5]. Fourth, based on findings from the Ugandan experi
ence, the paper concludes by discussing the potential for more inclusive 
extension services using ICT. 
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2. Materials and methods 

The literature review in Section 3. relied on a review of existing 
literature with a focus on peer-reviewed journal articles to build an up- 
to-date understanding of the status and trends of extension and in
equalities. The literature review search was conducted using George 
Washington University’s access to PubMed/Medline and Web of Science 
Core Collection. In order to capture most recent effects from the 
pandemic, relevant gray literature was included. To map the grey 
literature, searches were run in Google Scholar and Google Search to 
ensure no preliminary studies from these two major databases were 
missed. Searches were undertaken between October 2020 to April 2022, 
with follow-up searches repeated in January 2024. 

For the quantitative analysis in Section 4., data from the World 
Bank’s Living Standards Measurement Study—Integrated Surveys on 
Agriculture (LSMS-ISA) dataset [4] allow tracking of how many 
households received extension advice from 2005 to 2019/20. These data 
have been used to investigate the relationship between extension advice 
and technology adoption and risk exposure by smallholder farmers [6], 
agricultural productivity and household welfare [7], and consumption 
inequality and agricultural productivity [8]. Of the Ugandan households 
with data captured since 2005, around 1000 households were consis
tently tracked across the years (see Table 1), allowing the setup as panel 
data. 

To assess the relationship between access to extension services and 
socio-economic, gendered, and spatial inequalities, this paper identified 
data on the key variables of interest from the Ugandan national panel 
surveys: number of contacts with extension agents, gender of the 
household head, consumption expenditures, amount of agricultural land 
owned, and distances to major roads, population centers, and markets. 
Selection of inequalities were furthermore informed by the theoretical 
framework on extension proposed by Gautam [9] and built upon by 
Anderson and Feder [10]. The detailed description of methods and how 
to obtain the STATA code used are referenced in Appendix S1, with 
Appendix Supplementary Table 5 describing the definitions and units of 
both dependent and explanatory variables used. To complement the 
above analysis with impacts on agricultural extension during the 
pandemic, additional rapid surveys undertaken in 2020 and 2021 were 
used [5]. 

3. Literature review 

3.1. Inequality and agricultural development 

First, this paper breaks down the literature on inequality as it relates 
to agricultural development into three dimensions: socio-economic (e. 

g., per capita income); gender (e.g., intra-household inequality), and 
spatial inequality (e.g., distance to markets). These dimensions are 
related to access to agricultural extension in the section following this 
one. 

3.1.1. Socio-economic inequality 
The pro-poor aspects of agricultural growth are well established [8, 

11–13], with the welfare gains being largest for the poorest tenth [14, 
15]. Adoption of new innovations to generate growth has long been 
understood to bring both desirable, undesirable, anticipated and unan
ticipated consequences [16]. In its early stages, the diffusion of in
novations tends to enlarge the wealth gap between early and late 
adopters, with early adopters often tending to be the wealthier, better 
educated farmers and those with larger farms (Rogers [16], 288). Three 
reasons for inequality-increasing diffusion include: windfall profits 
earned by early adopters (adoption rent); the self-selection of early 
adopters who are often more actively searching for innovation; and that 
innovations tend to “trickle” across (within a social stratum) rather than 
down (between social strata). 

One of the most widely discussed research topics on inequality as it 
relates to agricultural development surrounded the Green Revolution 
and resultant adoption of capital-intensive agricultural inputs [17–19]. 
These discussions rather played down the role of extension relative to 
research, as they primarily focused on access to capital, land and labor. 
Ruttan [19], for example, highlighted the importance of understanding 
the institutional environment in assessing impact of agricultural in
novations on income inequality. In rural settings marked by highly un
even land ownership, land-saving and labor-using technologies, for 
example, are expected to “raise the economic return to labor relative to 
land [and] have the effect of equalizing the income distribution between 
the landless and the land-owning class” (Ruttan [19], 46). In 
sub-Saharan Africa, where the Green Revolution largely failed to 
materialize, current efforts at transformation of the agrarian sector, risk 
exacerbating inequality where land tenure and ownership is uneven (e. 
g. see Rwanda; Dawson et al. [20]). Unfortunately, studies focusing on 
the adoption of improved cultivars, for example, have largely side
stepped looking at inequality and the role of agricultural extension 
explicitly. 

Shocks—such as a global pandemic—may play a crucial role in 
enhancing inequalities, although evidence remains scarce (Amare et al. 
[8], 2). Looking at rainfall-related shocks, resource-poor farmers strug
gle to adopt new technologies, improved agricultural practices, or 
high-value crops [8,21–23]. In a closed market, improved productivity 
by wealthier farmers can depress local food prices (to the benefit of poor 
consumers), but also further reduce the income of non-adopting, poorer 
farmers [8,24,25]. Given their greater literacy and ownership of 
smartphones, wealthier farmers would also be expected to more readily 
access digital extension services that pre-dated or emerged in response 
to COVID-19 [26,27]. 

3.1.2. Gender inequality 

The concept of “time-poverty” in agriculture is well established, with 
women facing double burdens from both productive and reproductive 
labor in their households. Lyon et al. [28] also identify a third burden of 
organizational labor for women (e.g., in coffee cooperatives). Kabeer 
[29] argues that gender inequalities manifest at their intersections 
where the most acute forms of poverty and marginalization are located. 
One illustrative example is that of women and girls from the poorest 
caste, who have also lower levels of education and suffer higher levels of 
violence [29]. Women are more disadvantaged in accessing and 
adopting agricultural technologies [30,31]. Women have also been more 
severely impacted by COVID-19 from increased (including domestic 
violence, food insecurity, and job losses; Béné et al. [32]), and may face 
greater exposure than men to climate-change risks [33]. 

Social networks, useful for learning of new technologies, are also less 

Table 1 
Summary statistics of trends in extension visits.  

Year Number of households Number of extension visits (average) 

2005/06 2294 0.15a 

2009/10 1632 0.43 
2010/11 1840b 0.26 
2011/12 1837 0.29 
2013/14 1224 0.24 
2015/16 1137 0.14 
2018/19 912 0.10 
2019/20 1131 0.22 

Source: World Bank 2021, LSMS datasets for Uganda. Each year, a household 
that had missing data on extension was dropped. 

a In 2005, the survey did not differentiate or account for alternative sources of 
extension advice (e.g., large farmers) and hence is expected to underestimate 
actual advice received. 

b In 2010/11, the wave mistakenly omitted any households that did not 
receive extension advice. The 2010/11 dataset was hence appended to record all 
households that were omitted as not having received any extension advice. 
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accessible to women [34]. Women’s lack of ownership of land and 
limited size of their landholdings further limit their ability to experiment 
and adopt new technologies [26]. The limited landholding also reduces 
their visibility as farmers to extension services [35], with them being 
less likely to be chosen as lead farmers for demonstrations (e.g., Duffy 
et al. [36] for Malawi). 

In order to assess the potential of digital extension, insights on intra- 
household dynamics are needed on access to and use of smartphones. 
Anecdotal evidence suggests that, if given the opportunity, women are 
as likely as men to engage with agricultural extension messaging pro
vided through smartphones (e.g., Mittal [37] for audio messages in 
India). With campaigns launched during the global pandemic that 
temporarily spurred the gendered adoption of digital tools through 
project-based financing, it is important to monitor what happens beyond 
the initial adoption of such tools at the intrahousehold level (e.g., [38, 
39]), including benefits gained and costs shared [40]. 

3.1.3. Spatial inequality 
Geographical location and distance to users of ag products and inputs 

matter in agricultural development. The reach of markets into regions 
that are distant from cities, particularly regions that have poor trans
portation and communication infrastructure, is limited. This makes 
modern inputs at farms expensive [41] and the prices of crops or live
stock products low [42], which can leave large areas of the countryside 
impoverished. Distance and poor infrastructure also lead to incomplete 
information about technology and prices and this slows down the 
adoption of improved agricultural technologies even in environments 
where inputs, credit and insurance are available to address barriers to 
adoption [43]. 

Geographical proximity (e.g., neighbors) also plays a crucial role 
supporting farmers’ learning through their social networks to update 
their knowledge and beliefs about agricultural technologies [44]. The 
learning effects might be less determined by absolute distance (i.e., 
geographical closeness) but rather by relative distance (i.e., kinship and 
other groups) fostered through social capital. Beaman and Dillon [45] 
find that information diffusion declines with social distance. Especially 
for more knowledge-intensive adoption (e.g., learning through digital 
extension) to take place, kinship groups are crucial as their members put 
greater care into explaining more complex technologies [44,46,47]. 

At the country level, spatial inequality accentuates local inequalities, 
accounting for around one-third of economic inequality observed, 
however, the main explanatory factors of economic inequality are not 
geographic properties, but rather differences in infrastructure [48]. 
Provisioning or accessing quality extension services is compromised by 
remoteness due to lack of transportation options as well as limited access 
to electricity or cellphones. The expected global convergence between 
lagging and leading areas due to the rapid spread of modern information 
and communication technologies [49,50] may not succeed in reducing 
these rural-urban inequalities. 

3.2. Relationship between agricultural extension and inequality 

Few case studies exist that have sought to account for the role of 
traditional agricultural extension in income inequality per se [51,52]. 
Traditional, top-down extension approaches aiming to transfer new 
crops or varieties are limited in their adaptability to novel contexts, 
hindering the adoption of new technology amongst farmers [53]. As 
adoption itself is a slow process often focused on learning by doing and 
experimentation [54], a lack of adaptability of the technology might 
increase inequalities as the technologies were possibly developed with 
wealthier, more experienced farmers in mind. 

A lack of adaptability need not lead to greater inequality, as shown in 
African case studies. Adoption of groundnuts in Uganda reduced both 
the depth and severity of poverty (Kassie et al. [55], 1792; with poorer 
and more educated farmers benefitting most) and adoption of 
high-yielding varieties of rice and maize reduced poverty without 

increasing inequality [56,57]. 
The nature of the diffusion of rival or non-rival goods can have 

important effects on the potential for extension to increase or decrease 
inequality [45]. Adoption of non-rival goods, such as sustainable land 
management practices that are labor- and knowledge-intensive neces
sitate more in-depth engagement with public extension services than 
adoption of rival goods, such as synthetic fertilizer, that are 
capital-intensive [44,58]. Given the lower capital barriers to adoption, it 
is expected that extension services focusing on the diffusion of knowl
edge (a non-rival good) would reduce socio-economic inequalities. With 
extension officers’ limited time and resources, it is likely that the ma
jority focus on more capital-intensive interventions (e.g., new crop va
rieties) that require less contextual or in-depth knowledge sharing. As a 
result, sustainable intensification practices (e.g., Push-Pull) lack support 
from an adequate extension system in East Africa [59]. 

Current extension efforts are hence expected to be biased towards the 
diffusion of rival goods and wealthier farmers that are more likely 
adopters of technologies [60], increasing socio-economic inequalities. 
Limited access to extension services matters, as shown in studies finding 
lower adoption of one such rival good, improved crop varieties (Taka
hashi et al. [44], 32). 

Studies focusing on inequality as it relates to agricultural extension, 
capture uneven gendered access to extension (with women in sub- 
Saharan Africa around twice less likely to be visited by an extension 
officer; Meinzen-Dick et al. [61]). The persistent prevalence of male 
extension officers translates into less effective learning by women as 
evidence show women learn better from female extension officers [26, 
62–64]. Social groupings, such as popular farmer clubs in Malawi, are 
mostly male-dominated at the leadership level, controlling participation 
and information sharing [36]. Extension services often fail to account for 
gender dynamics [65]. They are not designed to address these unequal 
power relationships (i.e., time poverty, limited mobilities or educational 
attainments) through more demand-led, gender-sensitive services [66]. 
Data assessing gender and intra-household dynamics systematically, 
however, continue to be rare or non-existent (e.g., Meinzen-Dick et al. 
[61]; Lecoutere et al. [39] for Uganda). 

The factors that lead to spatial income inequalities also affect the 
ability of extension services to provide services to farmers. At the local 
level, extension officers are often hampered in reaching more remote 
regions due to limited government budgets for travel and poor trans
portation infrastructure. Similarly, women farmers are more limited in 
their ability to attend demonstrations or courses further from their 
homes [61]. As a result, information asymmetries persist, with farmers 
failing to have access to extension officers leading to lower adoption of 
new technologies [67–69]. 

Different approaches to extension show some promise at increasing 
inclusiveness: farmer field schools’ objectives include reducing gender 
inequality by working with specific community groups that include 
minorities ([70,71], 4). Female membership in field schools in Kenya, 
Uganda and Tanzania approximates 50 percent [72]. Peer-to-peer 
learning—fostered, for example, through farmer field schools—has 
been shown to be effective especially for less experienced farmers [73]. 

3.3. Inequality and agricultural extension in Uganda 

The agricultural sector continues to play a large role in the Ugandan 
economy: with 75 percent of the population living in rural areas, the 
sector accounts for 24 percent of GDP and employs around 65 percent of 
labor [6,74]. Extension efforts are crucial: after a period of failed 
modernization under the National Agricultural Advisory Services Pro
jects in the form of public-private partnerships, extension services since 
2014 have been in the domain of the army under the Operation Wealth 
Creation (OWC) program [26]. Given their logistical forte, provisioning 
shifted from agricultural information to inputs with resultant increases 
in budgetary outlays. This restructuring also skewed funding from 
technology generation under the National Agricultural Research 
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Organization (NARO) towards input provisioning under OWC [75]. 
Extension coverage remained poor (with hiring of extension officers 
delayed under OWC; Nakazi et al. [75]), with only 10 percent of farmers 
having received at least one visit by an extension officer [76]. While the 
government’s National Agricultural Research System (NARS) generates 
agricultural technologies and management practices of relevance to 
farmers, adoption of these agricultural technologies is still lagging [7]. 

3.3.1. Socio-economic inequality 
Traditionally, rural poverty in Uganda is defined by a lack of land, 

livestock or off-farm income [77]. In addition to these three indicators, 
Ugandan smallholder farmers are increasingly vulnerable to climate 
shocks, with greater volatility in production reducing household con
sumption [8]. Reductions in consumption are more significant for 
poorer households, increasing inequality [8]. Variation in wealth, 
including land, livestock and total assets, was the largest contributor 
explaining consumption inequalities [8], which corroborates earlier 
findings by Anderson and McKay [78] that around 50 percent of con
sumption inequalities in sub-Saharan Africa can be explained by dif
ferences in land and asset ownership. Poorer households in Uganda and 
those dependent on labor for income also appear to have experienced 
more food insecurities and income losses due to COVID-19 [79]. 

In Uganda, adopters of purchased inputs (e.g., pesticides, fertilizers 
and seeds of improved cultivars) are notably younger and better 
educated. They are, furthermore, wealthier (spending on average 32 
percent more on household consumption than non-adopters), and 
around twice as likely to be classified as non-poor (Mukasa [6], 5). In
formation asymmetries play an important role, with farmers frequently 
making decisions with incomplete information [23,80]. Other factors 
associated with Ugandan farmers’ adoption of new technology include 
market access, household assets, human capital and farm size [23]. 

Additional government support for extension has been noted as a key 
factor when trying to increase the adoption of agricultural technologies 
amongst poorer Ugandan farmers (e.g., in the case of groundnuts, Kassie 
et al. [55]). Access to non-farm income (including remittances) in rural 
Uganda further explains increased adoption of improved maize seeds, as 
it allows farmers to overcome credit constraints [81]. 

3.3.2. Gender inequality 
Ugandan women do more work in agriculture than men [82]. 

Women across East Africa, however, have less access to resources sup
porting technology adoption, including information and financial ser
vices [83,84]. Women, it is argued by some, are also more risk averse 
[85] and focus on food security over income generation, which in
fluences their adoption of high-yielding varieties [86]. Even where the 
use of modern inputs (e.g., improved cultivars, fertilizer or pesticides) is 
arguably overall risk reducing, the larger investment costs are not made 
by more risk averse farmers in Uganda [6]. These findings indicate a 
potential challenge in the current provisioning of digital extension ser
vices, as the private-sector-led digital extension efforts appear oriented 
towards capital-intensive technologies. While female farmers in Uganda 
are less likely to receive access to extension services, these services still 
are effective in increasing their adoption of new agricultural technolo
gies (e.g., Teklewold et al. [84] for adoption of non-drought and 
drought-tolerant varieties) especially when combined with relevant 
complimentary information (e.g., on weather). Investigating a 
model-farmer extension model that focuses exclusively on female 
farmers, Pan et al. [87] found a significant increase in the adoption 
amongst women farmers of knowledge-intensive agricultural practices, 
such as manure management (9 %), intercropping (6 %) and crop 
rotation (8 %), with no statistically significant uptake of 
capital-intensive practices, such as synthetic fertilizer (− 2 %), pesticides 
(− 3.5 %), nor improved high yielding cultivars (− 3.4 %). Importantly, 
the adopting female farmers also experienced less asset smoothing (i.e., 
selling of assets to cope with shocks) and improved their households’ 
food security importantly in the crucial hungry season leading up to the 

next cropping season’s harvest [87]. 
As women are more likely to be marginalized through traditionally 

male-focused extension services, strengthening peer-to-peer learning 
opportunities between women has been found to be effective at 
increasing productivity in Uganda [44,88]. Cai et al. [89] found that 
combining traditional extension methods of lectures and demonstrations 
in Uganda with the use of video not only increased women’s knowledge 
most, but effectively closed the gendered knowledge gap. Previous les
sons learned from farmer field schools in East Africa—including their 
ability to reach women and less literate farmers [72]—are also appli
cable when evaluating the potential and limitation of digital extension. 

As regards land ownership, a 1998 law recognizes women’s right to 
own land, yet gender discriminations persist regarding access to re
sources or revenue gained from crop sales, with women unaware of their 
rights [84]. Their joint land holdings—reported frequently by agricul
tural survey participants—are also not reflected in official ownership 
documents [90]. 

3.3.3. Spatial inequalities 
In Uganda, spatial inequalities permeate into the political sphere, 

with the ruling elites from South-Western Uganda overrepresented, 
compared to the less represented North of the country [91]. These 
geographical biases are expected to translate into differential in
vestments in infrastructure (e.g., roads) crucial to reduce inequalities in 
the agricultural sector. Price disparities in input prices were substantial, 
driven by large transportation costs for more distant, rural farmers [92]. 
Poverty rates reflected these regional disparities [93], with more remote 
areas benefitting less from economic growth [94]. Even though 
improving annually, Uganda scored poorly on indicators of affordability 
of mobile access [95], indicating that poorer households are less likely to 
undertake data-intensive mobile operations. Emphasizing the impor
tance of access to social capital, women farmers enrolled in cooperatives 
are more likely to overcome gender barriers than those lacking such 
access [96]. As farmer field schools can act as an avenue to reduce these 
inequalities, it is encouraging that the largest numbers of farmer field 
schools (n: 113) are informally recorded in the Northern region [97]. 

3.3.4. ICT and agricultural extension 
Uganda is one of the birthplaces of digital extension in Africa, thanks 

to the pioneering work by Grameen Foundation. Establishing commu
nity knowledge workers (CKWs), the Foundation launched already- 
viable ICT tools more than 10 years ago, including SMS, phone, and 
web-based [98,99]. Initially deployed via a pilot model that effectively 
showed increased adoption by farmers of the livestock and agronomic 
practices disseminated, this agent-based approach was scaled up via 
donor funding. Challenges to sustain these models include the training 
of knowledge workers and creating buy-in from farmers to sustain the 
service after project exit [99]. 

Moving beyond SMS, phone and web-based tools, videos and 
smartphone applications have become more prominent. Their effec
tiveness on increasing adoption is, however, still unknown. For example, 
the experimental use of videos increased Ugandan farmers’ knowledge 
effectively, but didn’t translate into substantial increases in adoption, 
productivity or profitability [26]. 

4. Findings on the state of and trends of agricultural extension 
and inequalities in Uganda 

4.1. Quantitative analysis of pre-COVID factors influencing access to 
extension in Uganda 

Setting up the data as panels with repeated observations from the 
same household unit (see Table 2), each year resulted in lower numbers 
of extension visits for the same household. The average number of 
extension visits decreased from a high of 0.43 per household in 
2009–2010 to a low of 0.10 in 2018, before recovering to 0.22 in 2019. A 
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one-way analysis of variance revealed that there was a strong statisti
cally significant difference in extension visits across the years. Focusing 
on less marginalized farmers who have received at least one advice from 
any extension service in any given year, the decline is similar and sig
nificant. The trend is most significant when looking at households that 
had received at least one advice in any year, and data were available for 
all eight waves of the survey (see Appendix S3: Supplementary Table 1). 

Using the total land owned per household (as of 2009), there is a 
strong significant relationship between land size and number of exten
sion visits (p = 0.000), with the median farming household that received 
no visit having 2.6 acres, whereas the average farming household with 1 
and 2 visits having 4.0 and 5.4 acres, respectively. Running a regression 
with total visits over all years combined and the land owned in 2009 (see 
Table 2), amount of land owned was positively associated with exten
sion visits. Using consumption expenditures for each survey year as a 
measure of income, there is a strong positive relationship between 
higher income and number of extension visits. This relationship is sig
nificant when including year, gender, land owned, and geographical 
distances (see Table 2 and Appendix S3: Supplementary Table 2). 

Integrating the gender of the household head from 2005, running a 
random-effects GLS regression yields negative trends over time for both 
year and gender (see Table 2), indicating that female-headed households 
were less likely to receive extension advice. Focusing on better-off fe
male-headed households that received extension advice, the gendered 
decline is still significant (see Appendix S3: Supplementary Table 3). 

No clear pattern emerges from a visual analysis of the location of 
households and intensity of extension visits (see Appendix S2: Supple
mentary Fig. 1). A review of average distance to nearest major road, 

population center, and markets (see Appendix S2: Supplementary 
Table 4) shows, surprisingly, that the households with no extension 
visits are closer to major population centers, but exhibit no other sig
nificant difference. 

Running random-effects GLS regressions including the above dis
tances in addition to year and the household head’s gender, only the 
proximity to the population center has a significant negative effect on 
extension visits (see Table 2 and Appendix S2: Supplementary Tables 2 
and 3). This effect of distance to the population center holds when 
running regressions that only include this distance, or when all three 
distance measures are added together in one single variable. In short, 
distance appears to matter but fails to be a major determinant of 
extension visits per the geographical variables available. A possible 
explanation might be that households that live closer to the population 
centers might focus on vegetable production that extension officers are 
perhaps less knowledgeable about. Excluding households identified as 
urban (n:715), which receive similar amount of extension visits (0.38 
versus 0.37 for rural households), however, does not yield any addi
tional explanations of the variance in extension visits observed. 

4.2. Impact of COVID-19 on Ugandan inequality 

The World Bank collected seven rounds of data since June 2020 
through high-frequency phone surveys to assess the effects of COVID-19 
[5]. The data captured responses from over 2000 households covered in 
the previous 2019/2020 survey round. Although the surveys excluded 
questions on agricultural extension, they did capture four relevant 
trends in inequality: 

First, the nearly two-year-long school closures widened educational 
inequalities with urban, wealthier households better able to take 
advantage of any (remote) learning or educational activities [100]. 
Indicative of challenges in digital extension, half of all students stopped 
learning even as remote lessons were deployed via television, radio and 
the internet (Blanshe and Latif [101]). 

Second, income from farming was a key source of income during the 
pandemic, as other income sources (e.g., wage labor) were more nega
tively impacted [100,102]. Agriculture’s share as a source of employ
ment stayed near 60 percent—around 10 percent higher than 
pre-pandemic—even after employment in the economy had largely 
recovered [103]. 

Third, as income losses in agriculture were less than in the non- 
agriculture sector, the income gap relative to pre-pandemic was less 
[103]. With losses, however, across the households and sectors, it was 
poor, rural households that were least able to draw upon loans or savings 
to cope during the pandemic. Farmers adopted multiple coping strate
gies, including selling of livestock and reducing consumption during the 
pandemic, further reducing their ability to withstand future shocks 
[104]. 

Fourth, employment and farm income rapidly jumped back near pre- 
pandemic levels [102]. Overall, COVID-19 increased poverty (from 21.6 
percent to 22.5 percent) of both low- and high-income households 
[105]. 

4.3. Impact of COVID-19 on extension 

The pandemic resulted in major restrictions on social mobility, with 
public transportation closed during the first phase in 2020 [106]. The 
agricultural sector was partially exempted, as farm-visits were later 
allowed. In Uganda, confusion around the exemption status resulted in 
farmers unable to access good-quality seeds during the first planting 
season after the pandemic started [107,108], with input dealers 
reporting 40 percent declines in sales [106]. 

In the initial stages, reduced ability to provide advice to farmers due 
to restrictions in social mobility has been noted [109]. In one survey, 
face-to-face interactions with farmers dropped down to 40 percent 
[110], with extension officers predominantly using phone calls or 

Table 2 
Factors that influence access to extension services in Uganda.  

Extension 
services 
accessed per 
household 

Year only Year and 
gender 

Year, 
consumption 
and gender 

Consumption, 
gender, land 
owned, 
distancef 

Yeara − 0.0089** − 0.0089** − 0.0102**  
Gender of 

household 
head (1 =
female)b  

− 0.0504** − 0.0437** − 0.4294 

Consumption 
(in million 
Ugandan 
Shilling)c   

0.158** 2.10* 

Distance to 
Road    

0.0050 

Distance to 
Marketg    

0.0067 

Total land 
owned (in 
acres)d    

0.0262** 

Prob>chi2 0.000 0.000 0.000 0.000e 

Number of 
observations 

12,007 12,007 11,829 399 

Source: World Bank 2021, LSMS datasets for Uganda. Each year, a household 
that had missing data on extension was dropped. STATA code and definitions of 
dependent and explanatory variables available in Supplementary Materials. 

** p < 0.01; * p < 0.05. 
a Multiplied by 365 for ease of interpretation as maximum duration of an 

extension visit in last 12 months assumed to be one day. Fourth regression 
dropped Year, as focus was on sum of visits across all years. 

b From 2005/06 survey. 
c Average across all years. Not adjusted for inflation. Combination of non- 

durable consumption (with exception of house payment and healthcare) over 
30 days and 4 times the last 7 days’ expenditures on household goods. 

d From 2009/10 survey. 
e As regression. 
f Sum of at least one extension visit per year. 
g Distance to major population center dropped, as the same value as distance 

to market for half the farming population in our analysis. 
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WhatsApp [106,110]. As extension shifted from a group-based approach 
to visits with individual farmers for sake of complying with COVID-19 
measures, in-person visits that took place were mainly with wealthier, 
larger-scale farmers. With farming incomes negatively impacted initially 
by the pandemic due to the lack of inputs, access to labor and 
face-to-face extension advice, some farmers pivoted towards home 
gardening with the government’s encouragement to increase their 
self-sufficiency [109]. Messaging by both governmental and 
non-governmental actors also moved onto other platforms, including 
radio [111], as farmers were advised to stay home [112]. Less than 15 
percent of extension officers reported using digital applications to 
respond to farmers’ questions [110], although another rapid assessment 
found the use of less advanced ICTs increased more than 10-fold from 
their low pre-pandemic levels [106]. Most prominently was the use of 
WhatsApp to communicate between farmers (who organized themselves 
in groups) and extension officers. Overall, a lack of funding and training 
for using ICT by extension workers was noted [110]. 

The pandemic also sped up adoption of a previously lagging digital 
voucher system for farmers to obtain subsidized inputs [106]. With 
farmers’ reduced savings from COVID-19, the improved enrollment, 
however, failed to translate into sustained adoption of non-subsidized 
inputs. The digital transformation push also accelerated plans to build 
out a government-owned e-extension system, which includes improved 
monitoring of service delivery, feedback mechanisms, and knowledge 
databases. While funding is limited due to ongoing budget cuts, recent 
USD 200 million funding from the World Bank supporting the devel
opment of digital infrastructure is expected to advance the digital 
transformation across the government [113], with funding approved in 
2021 and a financing agreement signed by 2023 [114]. 

5. Discussion and conclusion 

The objective for this paper was to investigate the potential of the 
government agricultural extension services in Uganda to support in
clusive growth in the agricultural sector post-pandemic. Unfortunately, 
there is little evidence to suggest that the government extension service 
is likely to do so. There is clear evidence from the global literature that 
extension services can stimulate agricultural productivity growth [10], 
but there is equally clear evidence from the literature that extension can 
increase socio-economic, gender and spatial inequality. 

The extension system in Uganda has gone through a number of re
forms, but analysis of household data shows that service to farmers has 
gotten worse, and farmer income and wealth along with gender largely 
determine how much service a farmer receives. From 2005 to 2019 farm 
households in Uganda have received significantly fewer visits by 
extension officers. The reformed extension system run by the army could 
perhaps be doing a better job than the market at providing inputs and 
buying farm products, but there is limited empirical evidence to date to 
support this view. The reforms focus on input supply rather than advi
sory services which limits its effectiveness in helping farmers improve 
their agriculture [115]. Our empirical analysis shows that in Uganda 
wealthier farmers get more access to extension than poor farmers, 
female-headed farming households are, as expected, less likely to 
receive advice. Somewhat surprisingly, the distance from markets or 
from cities does not have a negative impact on extension visits when 
controlling for other factors. 

The impacts of COVID-19 are likely to have increased inequality in 
Uganda. The following five factors may well contribute to inequality: 
First, if wealthier urban population segments are better able to weather 
the economic impact from COVID-19 in developing countries, any 
subsequent investments in rural farming properties could increase 
inequality in agricultural land ownership [116]. These investments 
could reinforce pre-COVID inequalities in land ownership in Uganda. 
Second, shifts in remittances (with a 23 percent decline initially 
observed in sub-Saharan Africa; [117]) and effects on migration due to 
COVID-19 could have further negatively impacted poorer, rural 

households by depleting their safety nets and food security. Third, social 
distancing measures, including the most extreme forms of lockdowns, 
would have slowed peer learning, which was a key source for less 
experienced farmers to improve their farm production [73]. Fourth, 
with the rural poor being less likely to access social safety nets than their 
wealthier counterparts, COVID-19 may have increased their vulnera
bility to climate shocks and reduced their likelihood to take risks for 
adoption of new technology. Fifth, though considerable improvements 
in mobile infrastructure and accessibility have been achieved over the 
years, gender and socio-economic inequalities in mobile access and il
literacy have remained high [95]. 

In principle digital extension could reduce some of these inequities. 
Uganda is one of East Africa’s most innovative digital actors and 
Ugandan agents reported using ICT for advising farmers. However, 
without more capacity building, more advanced digital tools are un
likely to reduce inequalities [118]. This trend is accentuated by two 
additional developments: First, the lost years in schooling are expected 
to increase illiteracy amongst the next generation of farmers. Second, a 
12 % tax on internet use introduced in 2021 [119] will keep more 
advanced, data-intensive ICT out of the hands of poorer farmers and 
women [120]. 

In conclusion, agriculture demonstrated again its importance in 
providing a more stable income (and food) source to a majority of 
Ugandans during the global pandemic. Given the potential of agriculture 
to stimulate pro-poor, inclusive growth, the sector is expected to play a 
key role in any post-pandemic plan to improve growth and inequality. 
Government extension in Uganda is unlikely to have a large impact in 
reducing inequality in rural areas because resources for extension have 
been declining and the pandemic has strained government’s ability to 
pay for such services. Future shocks and stresses from climate change are 
to be expected to affect the poor more, especially in rural areas with 
fewer resources. 

Unless investments increase, countries will have to find new, less 
expensive ways to provide inclusive extension services. Digital exten
sion, using ICT, is one avenue that to date has had a limited impact on 
reaching the poorest of the poor. NGOs such as Grameen Foundation are 
working with both public and private actors to develop scalable, more 
inclusive digital options. To reduce gender inequalities, these tools need 
to be complemented by face-to-face extension approaches, such as 
farmer field schools, which include more women farmers, and recruit
ment and capacity building of more women extension agents. In addi
tion, vulnerabilities in social safety nets exposed during COVID-19 need 
to be patched, otherwise farmers will be unable to adapt to future 
challenges. In short, extension efforts that empower women and youth 
[121] beyond input provisions are needed to ensure that the next rural 
crisis will not exacerbate inequalities and jeopardize economic growth. 

Five avenues for future research were identified. First, an in-depth 
assessment is needed of how digital extension is being incorporated 
into the conventional extension service post-COVID, including any use 
of artificial intelligence [122]. Second, qualitative fieldwork including 
the use of key informant interviews and focus groups with farmers 
would yield additional insights about trends in access to digital exten
sion advice from the government and whether such digital advice is 
useful to them and how it could be improved. Third, this qualitative 
research could strengthen our understand of how extension could 
improve its record of reaching the poor, the women, and farmers far 
from markets and roads as well as socio-political inequalities (i.e., 
Lwanga-Ntale [123]). Fourth, the qualitative data may identify new 
variables that could be merged with future World Bank data sets to 
capture the impact of post-COVID trends on extension. Fifth, as funding 
gaps continue to plague extension services, a systematic review of pri
vate sector extension efforts would be warranted, including a focus on 
farmers’ willingness-to-pay for ICT services [124]. 
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[32] C. Béné, D. Bakker, M.J. Chavarro, B. Even, J. Melo, A. Sonneveld, Impacts of 
COVID-19 on People’s Food Security: Foundations for a More Resilient Food 
System, CGIAR COVID-19 Hub, 2021. 

[33] FAO. 2018. Empowering rural women, powering agriculture. https://www.fao. 
org/3/ca2678en/CA2678EN.pdf. 

[34] M. Fisher, E. Habte, W. Ekere, T. Abate, P.A. Lewin, Reducing gender gaps in the 
awareness and uptake of drought-tolerant maize in Uganda: the role of education, 
extension services and social networks, J. Gender, Agric. Food Secur. (Agri- 
Gender) 04 (1) (2019) 38–50, https://doi.org/10.19268/JGAFS.412019.4. 

[35] C. Ragasa, Improving gender responsiveness of agricultural extension, in: A. 
R. Quisumbing, R. Meinzen-Dick, T. Raney, A. Croppenstedt, J.A. Behrman, 
A. Peterman (Eds.), Gender in Agriculture, Springer, 2014, pp. 411–430. 

[36] C. Duffy, G. Toth, J. Cullinan, U. Murray, C. Spillane, Climate smart agriculture 
extension: gender disparities in agroforestry knowledge acquisition, Clim. Dev. 13 
(2021) 21–33, https://doi.org/10.1080/17565529.2020.1715912. 

[37] S. Mittal, Role of mobile phone-enabled climate information services in gender- 
inclusive agriculture, Gend. Technol. Dev. 20 (2016) 200–217, https://doi.org/ 
10.1177/0971852416639772. 

[38] Jackson, C. 2005. Strengthening food policy through gender and intrahousehold 
analysis: impact assessment of IFPRI multicountry research. https://ebrary.ifpri. 
org/digital/collection/p15738coll2/id/82045/. 

[39] Lecoutere, E., D.J. Spielman, and B. van Campenhout. 2019. Women’s 
Empowerment, Agricultural Extension, and Digitalization: disentangling Information 
and Role-Model Effects in Rural Uganda. 

[40] S. Theis, N. Lefore, R. Meinzen-Dick, E. Bryan, What happens after technology 
adoption? Agric. Hum. Values 35 (2018) 671–684. 

[41] B. Minten, B. Koro, D. Stifel, The Last Mile(s) in Modern Input Distribution: 
Evidence from Northwestern Ethiopia, IFPRI, 2013. 

[42] P. Brenton, A. Portugal-Perez, J. Regolo, Food Prices, Road Infrastructure, and 
Market Integration in Central and Eastern Africa, World Bank, Washington, D.C., 
2014. 

[43] J.R. Magruder, An assessment of experimental evidence on agricultural 
technology adoption in developing countries, Annu. Rev. Resour. Econ. 10 (2018) 
299–316, https://doi.org/10.1146/annurev-resource-100517-023202. 

[44] K. Takahashi, R. Muraoka, K. Otsuka, Technology adoption, impact, and 
extension in developing countries’ agriculture: a review of the recent literature, 
Agric. Econ. 51 (1) (2020) 31–45, https://doi.org/10.1111/agec.12539. 

S.T. Ledermann et al.                                                                                                                                                                                                                          

https://doi.org/10.1016/j.wds.2024.100147
https://www.weforum.org/agenda/2022/04/economic-inequality-wealth-gap-pandemic/
https://www.weforum.org/agenda/2022/04/economic-inequality-wealth-gap-pandemic/
https://unstats.un.org/sdgs/report/2021/
https://unstats.un.org/sdgs/report/2021/
https://www.un.org/development/desa/dspd/wp-content/uploads/sites/22/2021/08/PB_106-1.pdf
https://www.un.org/development/desa/dspd/wp-content/uploads/sites/22/2021/08/PB_106-1.pdf
https://www.worldbank.org/en/programs/lsms
https://www.worldbank.org/en/programs/lsms
https://www.worldbank.org/en/programs/lsms/brief/lsms-launches-high-frequency-phone-surveys-on-covid-19#6
https://www.worldbank.org/en/programs/lsms/brief/lsms-launches-high-frequency-phone-surveys-on-covid-19#6
https://doi.org/10.1016/j.worlddev.2017.12.006
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0060
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0060
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0060
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0060
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0060
https://doi.org/10.1111/agec.12604
https://doi.org/10.1111/agec.12604
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0043
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0043
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0005
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0005
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0005
https://doi.org/10.1080/00220389808422529
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0044
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0044
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0103
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0103
https://openknowledge.worldbank.org/bitstream/handle/10986/9096/WDR2008_0021.pdf?sequence=1&tnqh_x0026;isAllowed=y
https://openknowledge.worldbank.org/bitstream/handle/10986/9096/WDR2008_0021.pdf?sequence=1&tnqh_x0026;isAllowed=y
https://openknowledge.worldbank.org/bitstream/handle/10986/9096/WDR2008_0021.pdf?sequence=1&tnqh_x0026;isAllowed=y
https://openknowledge.worldbank.org/handle/10986/5990
https://openknowledge.worldbank.org/handle/10986/5990
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0091
https://doi.org/10.1016/S0016-7185(01)00006-9
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0041
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0041
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0092
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0092
https://doi.org/10.1016/j.worlddev.2015.10.008
https://doi.org/10.1016/j.jdeveco.2010.08.003
https://doi.org/10.1016/j.jdeveco.2010.08.003
https://www.preventionweb.net/files/10755_ClimateandSocietyIssueNumber21.pdf
https://www.preventionweb.net/files/10755_ClimateandSocietyIssueNumber21.pdf
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0095
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0095
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0095
https://doi.org/10.1016/j.worlddev.2013.10.001
https://doi.org/10.1016/j.worlddev.2013.10.001
https://doi.org/10.1146/annurev-resource-100913-012706
https://doi.org/10.1146/annurev-resource-100913-012706
https://doi.org/10.1086/703868
https://doi.org/10.1371/journal.pone.0035319
https://doi.org/10.1007/s10460-016-9716-1
https://doi.org/10.1007/s10460-016-9716-1
https://doi.org/10.1080/13552074.2015.1062300
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0072
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0072
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0072
https://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/1464/filename/1465.pdf
https://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/1464/filename/1465.pdf
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0012
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0012
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0012
https://www.fao.org/3/ca2678en/CA2678EN.pdf
https://www.fao.org/3/ca2678en/CA2678EN.pdf
https://doi.org/10.19268/JGAFS.412019.4
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0088
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0088
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0088
https://doi.org/10.1080/17565529.2020.1715912
https://doi.org/10.1177/0971852416639772
https://doi.org/10.1177/0971852416639772
https://ebrary.ifpri.org/digital/collection/p15738coll2/id/82045/
https://ebrary.ifpri.org/digital/collection/p15738coll2/id/82045/
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0101
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0101
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0075
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0075
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0017
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0017
http://refhub.elsevier.com/S2772-655X(24)00025-9/sbref0017
https://doi.org/10.1146/annurev-resource-100517-023202
https://doi.org/10.1111/agec.12539


World Development Sustainability 4 (2024) 100147

8

[45] L. Beaman, A. Dillon, Diffusion of agricultural information within social 
networks: evidence on gender inequalities from Mali, J. Dev. Econ. 133 (2018) 
147–161, https://doi.org/10.1016/j.jdeveco.2018.01.009. 

[46] K. Takahashi, Y. Mano, K. Otsuka, Learning from experts and peer farmers about 
rice production: experimental evidence from Cote d’Ivoire, World Dev. 122 
(2019) 157–169, https://doi.org/10.1016/j.worlddev.2019.05.004. 

[47] K. van den Broeck, S. Dercon, Information flows and social externalities in a 
Tanzanian banana growing village, J. Dev. Stud. 47 (2011) 231–252, https://doi. 
org/10.1080/00220381003599360. 

[48] R. Kanbur, A.J. Venables, Spatial Inequality and Development: Overview of UNU- 
WIDER Project, Cornell University, Department of Applied Economcis and 
Management, 2005. 

[49] R. Baldwin, The Great Convergence: Information Technology and the New 
Globalization, The Belknap Press of Harvard University Press, 2016. 

[50] World Bank, 2009. World Development Report 2009: Reshaping Economic 
Geography. https://openknowledge.worldbank.org/handle/10986/5991. 

[51] B. Cunguara, K. Moder, Is agricultural extension helping the poor? Evidence from 
rural Mozambique, J. Afr. Econ. 20 (2011) 562–595, https://doi.org/10.1093/ 
jae/ejr015. 

[52] T.O. Oyekale, A.S. Oyekale, Climate change adaptation strategies and income 
inequality among cocoa farmers in the Ashanti region of Ghana, J. Dev. Areas 54 
(2020), https://doi.org/10.1353/jda.2020.0026. 

[53] G.W. Norton, J. Alwang, Changes in agricultural extension and implications for 
farmer adoption of new practices, Appl. Econ. Perspect. Policy 42 (2020) 8–20, 
https://doi.org/10.1002/aepp.13008. 

[54] D.J. Pannell, R. Claassen, The roles of adoption and behavior change in 
agricultural policy, Appl. Econ. Perspect. Policy 42 (1) (2021) 31–41, https://doi. 
org/10.1002/aepp.13009. <Go to ISI>://WOS:000617041700004. 

[55] M. Kassie, B. Shiferaw, G. Muricho, Agricultural technology, crop income, and 
poverty alleviation in Uganda, World Dev. 39 (2011) 1784–1795, https://doi. 
org/10.1016/j.worlddev.2011.04.023. 

[56] D.D. Karanja, M. Renkow, E.W. Crawford, Welfare effects of maize technologies 
in marginal and high potential regions of Kenya, Agric. Econ. 29 (2003) 331–341. 

[57] Y. Kijima, K. Otsuka, D. Sserunkuuma, Assessing the impact of NERICA on income 
and poverty in central and western Uganda, Agric. Econ. 38 (2008) 327–337. 

[58] S. Asfaw, A. Scognamillo, G. Di Caprera, N. Sitko, A. Ignaciuk, Heterogeneous 
impact of livelihood diversification on household welfare: cross-country evidence 
from Sub-Saharan Africa, World Dev. 117 (2019), https://doi.org/10.1016/j. 
worlddev.2019.01.017. 

[59] E. Isgren, Y. Clough, A. Murage, E. Andersson, Are agricultural extension systems 
ready to scale up ecological intensification in East Africa? A literature review 
with particular attention to the Push-Pull Technology (PPT), Food Secur. 15 (5) 
(2023) 1399–1420, https://doi.org/10.1007/s12571-023-01387-z. 

[60] D.. Mather, Measuring the Impact of Public and Private Assets on Household Crop 
Income in Rural Mozambique, 2002–2005, Ministry of Agriculture, 2009. 

[61] R. Meinzen-Dick, A. Quisumbing, J. Behrman, P. Biermayr-Jenzano, V. Wilde, 
M. Noordeloos, C. Ragasa, N. Beintema, Engendering Agricultural Research, 
Development, and Extension, IFPRI, 2011. https://ebrary.ifpri.org/utils/getfile/ 
collection/p15738coll2/id/126799/filename/126995.pdf. 

[62] A. BenYishay, A. Mushfiq Mobarak, Social Learning and Communication, NBER, 
2014. 

[63] F. Kondylis, V. Mueller, G. Sheriff, S. Zhu, Do female instructors reduce gender 
bias in diffusion of sustainable land management techniques? Experimental 
evidence from Mozambique, World Dev. 78 (2016) 436–449, https://doi.org/ 
10.1016/j.worlddev.2015.10.036. 

[64] C. Ragasa, G. Berhane, F. Tadesse, A. Seyoum Taffesse, Gender differences in 
access to extension services and agricultural productivity, J. Agric. Educ. Ext. 19 
(2013) 437–468, https://doi.org/10.1080/1389224X.2013.817343. 

[65] S. Theis, A. Quisumbing, R. Meinzen-Dick, Takeaways from Twenty Years of 
Gender and Rural Development Research at IFPRI: Closing Gender Gaps in 
Agriculture Through Property Rights and Governance, IFPRI, 2015. https://www. 
ifpri.org/blog/takeaways-twenty-years-gender-and-rural-development-research-i 
fpri-improving-measurements. 

[66] T. Jafry, R.V. Sulaiman, Gender inequality and agricultural extension, J. Agric. 
Educ. Ext. 19 (2013) 433–436, https://doi.org/10.1080/ 
1389224X.2013.824166. 

[67] Garbero, A., P. Marion, and V. Brailovskaya. 2018. The impact of the adoption of 
CGIAR’s improved varieties on poverty and welfare outcomes: a systematic review. 
https://www.ifad.org/documents/38714170/40951886/Research+Series+33. 
pdf/4b08b329-8f1c-2920-bce8-fba1a7a76593. 

[68] A.R. Tijjani, R.T. Nabinta, M. Muntaka, Adoption of innovative cowpea 
production practices in a rural area of Katsina State, Nigeria, J. Agric. Crop Res. 3 
(2015) 53–58. 
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