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This study investigates how digital technologies and economic innovations can
bolster women’s contributions to sustainable agriculture in Nigeria, identifying
critical barriers and policy levers for gender equity. Drawing on national surveys,
stakeholder interviews, and a review of existing policy frameworks, it finds that
although women make up over half of Nigeria’s agricultural labour force, they face
systemic exclusion from land ownership, credit markets, digital training, and
leadership roles. By integrating Gender and Development (GAD) theory with the
Capability Approach, the paper proposes a comprehensive model that aligns ICT-
enabled extension services, mobile-based microfinancing, and value-chain platforms
with gender-responsive land reforms and capacity-building initiatives. Key
recommendations include expanding broadband access in rural areas, tailoring
digital literacy programmes for women farmers, mainstreaming economic-
innovation hubs into agricultural policy, and institutionalizing quotas for women’s
representation in agrarian governance. The study concludes that leveraging digital
tools and fostering economic innovation not only amplifies women’s agency and
productivity but is also indispensable for improving food security, reducing poverty,
and meeting Nigeria’s Sustainable Development Goals.
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1. Introduction

Across Nigeria’s agricultural landscape, women’s labour remains both the backbone of food production
and the most overlooked asset in climate adaptation efforts (Food and Agricultural Organization, 2020;
IPCC, 2021). Although they comprise roughly 43% of the agricultural workforce in developing economies,
women are systematically denied the digital tools, financial instruments, and policy voice needed to
innovate sustainably (UN Women, 2020; Doss, 2021). As rural mobile connectivity expands, why do digital
extension services still sideline female farmers (International Telecommunication Union, 2022)? And how
can agritech platforms—heralded as solutions to low yields—avoid reinforcing the very inequalities they
promise to solve (Banerjee & Duflo, 2020; Stewart et al., 2022)?

Empirical research shows that women farmers adopt organic methods, crop diversification, and
participatory conservation at significantly higher rates than men, leveraging local ecological knowledge to
bolster biodiversity and soil health (Nordhagen, Pascual & Drucker, 2021). Yet these practices languish in
policy limbo, hampered by gender-blind credit schemes, opaque land titling systems, and one-size-fits-all
digital literacy programmes (Agarwal, 2022; FAO, 2021). What happens when mobile-based microcredit
apps require identity documents that women cannot access? How can value-chain analytics integrate
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women’s “invisible” labour in supply-chain dashboards?

This study cuts across agricultural science, information and communication technologies (ICT4Ag),
development economics, and gender policy to interrogate these intersections. By weaving together, the
Gender and Development framework with Sen’s Capability Approach, alongside insights from behavioral
economics and ICT innovation theory, it exposes the policy blind spots that perpetuate exclusion (Oyonarte
& Wanjiru, 2023; McCulloch & Ota, 2021). It also engages recent findings on the gender digital divide,
underscoring how social norms and platform design choices inhibit women’s uptake of precision-farming
tools (Huyer, 2020).

Unless policymakers adopt an explicitly interdisciplinary lens—Ilinking land reform, fintech regulation,
broadband infrastructure, and gender quotas in agrarian governance—Nigeria risks squandering up to a
third of its agricultural potential (World Bank, 2020; UN, 2015). This research thus provokes a fundamental
question: what would it take to redesign Nigeria’s agricultural innovation ecosystem so that women are not
merely beneficiaries, but co-architects of sustainable growth?

This study confronts the persistent oversight of women’s roles at the nexus of gender equity and sustainable
agriculture in Nigeria, moving beyond descriptive accounts (Doss, 2021; FAO, 2020) to construct an
interdisciplinary theoretical-policy synthesis. By weaving together Gender and Development theory, Sen’s
Capability Approach, and ICT4Ag perspectives (Agarwal, 2022; Stewart, Moretti & Gregg, 2022), it
interrogates how digital inclusion, financial innovation, and governance reforms can dismantle the socio-
cultural and institutional barriers that curtail women’s agency.

The aim of this paper is to chart the pathways through which empowering women can catalyze sustainable
agricultural development in Nigeria by diagnosing key challenges and proposing a robust policy
framework. The specific objectives are to:
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1. Quantify women’s contributions to agro-ecological sustainability across Nigeria’s diverse farming
systems, highlighting the productivity gains from organic methods and crop diversification
(Nordhagen, et al., 2021; FAO, 2021).

2. Diagnose the socio-cultural norms and institutional practices—Iland tenure biases, credit exclusions,
and gender-blind digital services—that marginalize women farmers (Agarwal, 2022; Doss, 2021;
ITU, 2022).

3. Evaluate the gender responsiveness of existing agricultural policies and programmes through a
policy-gap analysis, identifying where policy frameworks fail to integrate women’s voices (World
Bank, 2020; UN Women, 2020).

4. Co-design actionable, technology-infused strategies—spanning rural broadband expansion, mobile-
based microfinance, and gender-responsive land reform—to enhance women’s full inclusion in
Nigeria’s agrarian innovation ecosystem (Banerjee & Duflo, 2020; Stewart et al., 2022).

2. Literature Review

Sustainable agricultural growth refers to the development of agricultural systems that are environmentally sound,
economically profitable, and socially responsible. It focuses on increasing agricultural productivity, while ensuring
that natural resources are conserved and preserved for future generations. Sustainable agricultural growth involves
practices that maintain soil health, promote biodiversity, integrate advanced information and communication
technologies, conserve water, and reduce dependency on chemical inputs. The goal is to create a resilient agricultural
sector that can adapt to challenges such as climate change, population growth, and economic shift (United Nations
Women, 2021)

2.1 Sustainable Development Goals (SDGys)

The Sustainable Development Goals (SDGs) comprise 17 interlinked objectives adopted by the United
Nations in 2015 to eradicate poverty, achieve food security, promote gender equality, foster economic
growth, and protect the environment by 2030. They call for an integrated approach, recognizing that gains
in one area—such as health or education—reinforce progress in others, like economic innovation or
environmental resilience (United Nations Development Programme, 2023; Adetunji et al,2022a; Adetun;ji
et al,2022b; Adetunji et al,2021a; Adetunji et al,2021b; Adetunji et al,2020; Nwankwo & Chinedu,2021;
Nwankwo, Nwankwo & Adigwe,2022).

SDG 2: Zero Hunger and Small-Scale Producers

SDG 2 aims to “end hunger, achieve food security and improved nutrition, and promote sustainable
agriculture.” Target 2.3 specifically mandates doubling the productivity and incomes of small-scale food
producers—particularly women—by ensuring secure and equal access to land, inputs, knowledge, financial
services, markets, and opportunities for value addition (United Nations, 2015; Nwankwo & Olayinka,2019;
Olayinka et al,2022; Onwodi et al,2024; Osikemekha et al,2022). For Nigeria’s female farmers, this
underscores the need for digital extension services and mobile-based market platforms that reduce
transaction costs and expand access to climate-smart inputs.

SDG 5: Gender Equality and Empowerment

SDG 5 seeks to “achieve gender equality and empower all women and girls,” with targets that include equal
rights to economic resources, ownership, inheritance, and access to technology. Target 5.b emphasizes
enhancing the use of information and communications technology (ICT) to empower women—a critical
mandate for integrating female smallholders into digital agriculture and fintech ecosystems (UN Women,
2021). Closing the gender digital divide is therefore central to unlocking women’s agency in Nigeria’s food
systems.

SDG 9: Industry, Innovation and Infrastructure

SDG 9 promotes building resilient infrastructure, fostering inclusive industrialization, and spurring
innovation (Ukaoha, Abdullahi. & Nwankwo, 2019; Ukhurebor et al,2022; Nwankwo & Kifordu,2019; ). In
agriculture, this means developing rural broadband networks, interoperable value-chain platforms, and
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agro-tech hubs that enable data-driven decision-making perhaps through public private partnerships
(Kifordu, Nwankwo & Ukpre,2019). For Nigerian women farmers, gender-responsive infrastructure—such
as solar-powered ICT kiosks and women-led co-working spaces—can serve as bridges between traditional
practices and high-impact digital tools.

By situating the empowerment of women within SDG 2, SDG 5, and SDG 9—alongside complementary
goals on decent work (SDG 8) and reduced inequalities (SDG 10)—this research highlights how synergistic
policy design can harness digital technologies and economic innovation to transform Nigeria’s agricultural
landscape.

2.2 Role of Women in Agriculture

Women are critical players in agricultural systems worldwide, particularly in developing countries, where
they represent a substantial proportion of the agricultural workforce. Their involvement contributes
significantly to household income and food security, thereby elevating the economic status of families and
communities. Their contributions are essential not only to food production, but also to the sustainability of
agricultural practices. The key roles of women in sustainable Agriculture are as follows:

1) Women are often responsible for a significant share of agricultural labour. In many regions, they handle
tasks such as planting, weeding, and harvesting, which are essential for crop production (FAO, 2021).

2) Women provide important knowledge about sustainable resource management. They often serve as
managers of household food systems and are more likely to adopt sustainable practices that preserve local
biodiversity and conserve water (Quisumbing and Pandolfelli, 2020).

3) Women play a pivotal role in sharing traditional agricultural knowledge and practices that enhance
sustainability. Their involvement in community-based agriculture can lead to the adoption of innovative
solutions and sustainable technologies (World Bank, 2022).

4) Empowering women in agriculture can significantly uplift local economies. Empowering women involves
enhancing their access to essential resources such as land, credit, education, and technology. When women
have access to resources such as land, credit, and education, they can increase productivity, improve food
security, and contribute to economic growth (UN Women, 2021). Empowering women economically enables
them to invest in adaptation strategies, such as improved agricultural techniques or renewable energy.
Women’s economic status often directly correlates with their ability to implement effective climate
adaptation measures (Livingstone and Jenkins, 2023)

5) Women’s participation in local agricultural cooperatives or community organizations fosters inclusivity.
Their leadership can promote sustainable practices and drive policy changes that favor gender equity in
agriculture (Ekanayake and Saito, 2023).

6) Women often serve as stewards of their communities’ adaptive strategies to climate change, developing
practices that enhance resilience while ensuring food security (FAO, 2021). Women often have a deep
understanding of local ecosystems and sustainable practices due to their roles in agriculture and resource
management. This knowledge enables them to adapt farming techniques to changing climate conditions more
effectively than men (Agarwal, 2020).

7) The concept of sustainability encompasses economic, social, and environmental dimensions. Women,
through their unique agricultural practices, frequently promote biodiversity, sustainable resource
management, and climate resilience. For instance, women’s indigenous knowledge often contributes to the
sustainability of local food systems (Doss, 2018; Kumar., 2014).

8) The effectiveness of women’s contributions is significantly influenced by local and national policies.
Gender-sensitive policies and institutional frameworks can facilitate women’s access to resources and
decision-making processes, thereby enhancing their roles in agricultural growth (Nordhagen et al., 2021).

2.3 Current Policies Supporting Women in Sustainable Agriculture in Nigeria

Nigeria has enacted several policy instruments to elevate women’s roles in sustainable agriculture, yet
persistent design gaps limit their real-world impact.

National Gender Policy (NGP)

The NGP explicitly targets land rights, credit access, and technology adoption to reduce gender inequality
and empower women across sectors—including agriculture (Nigeria Federal Ministry of Women Affairs,
2021). However, it remains siloed from digital-agriculture initiatives such as mobile extension services and
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fintech platforms, curtailing women’s uptake of climate-smart practices (International Telecommunication
Union, 2022).

National Agricultural Policy (NAP) and Agriculture Promotion Policy (APP) 2016-2020
The 2019 NAP and its operational APP recognize women’s cooperatives and provide targeted training and
resource support to female smallholders (Federal Ministry of Agriculture and Rural Development
(FMARD), 2019). Yet neither mandates gender-responsive budgeting nor embeds mobile-based advisory
tools tailored for women’s agribusinesses, perpetuating service gaps in rural communities.

Economic Recovery and Growth Plan (ERGP) 2017-2020

Under the ERGP, agriculture is identified as a key driver of inclusive growth, with strategies to expand
women’s access to finance, training, and technology (Federal Republic of Nigeria, 2017). Despite this, the
plan lacks explicit gender-lens investing guidelines or mobile-first microcredit models for women-led
agribusinesses, constraining women'’s capital access and financial autonomy.

National Climate Change Policy (NCCP)

The 2018 NCCP establishes broad adaptation and mitigation measures but offers only generic provisions
for vulnerable groups, omitting targeted support for women farmers (Federal Ministry of Environment,
2018). A subsequent National Action Plan on Gender and Climate Change (2020-2025) introduces gender-
specific climate-smart agriculture measures, yet delays in rollout leave women exposed to escalating
environmental risks.

Support Programs and Initiatives
There are some support initiatives which include:

v West Africa Agricultural Productivity Program (WAAPP) which covers empowerment components
for women’s cooperatives but has yet to scale digital marketplaces or data-driven value-chain
analytics that could amplify market access for female producers (World Bank, 2020).

v Youth Employment in Agriculture Programme (YEAP), a support initiative that mandates a 30%
female participation quota in agribusiness training, but omits e-learning modules and mobile
mentorship platforms essential for sustaining women’s skills development (FMARD, 2017).

2.4 Barriers to Women Participation in Sustainable Agriculture

Despite their contributions, women face numerous barriers in agriculture. Women continue to face
systemic barriers, including:

1. Cultural Expectations and traditional Gender Norms

Cultural beliefs and gender norms significantly limit women's roles in agriculture. In many societies, traditional
gender roles assign women responsibilities for household and subsistence farming while viewing men as primary
decision-makers in commercial agriculture practices (Agarwal, 2020. These societal norms can diminish women’s
confidence, under-recognition of expertise and limit their ability to influence agricultural decisions (Agarwal, 2019).
Cultural biases may also stigmatize women who seek to take on roles traditionally associated with men, such as
leadership in farming cooperatives (United Nations Women, 2021).

2. Lack of Access to Resources

One of the most pressing issues facing women in agriculture is the lack of access to essential resources such as land,
credit, inputs, and technology. Women often have less secure land tenure compared to men, leading to a reluctance
to invest in sustainable practices that require long-term commitment (FAO, 2020). Furthermore, without access to
financial services, women are unable to invest in innovative and sustainable agricultural technologies (Doss, 2021).
This disproportionate denial of access reinforces existing gender inequalities and inhibits women's capacity to
contribute to sustainable practices. Women often have less access to credit and financial services than their male
counterparts. In many regions, women also encounter institutional barriers that prevent their participation in existing
agricultural support networks. Women generally experience limited access to land, credit, technology, and
agricultural extension services (Quisumbing and Kumar, 2014). FAO (2018) reported that women are less likely to
own land than men, leading to inequality in property rights that hampers their ability to invest in sustainable practices.
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Additionally, the absence of targeted financial products and services for women restricts their financial independence
and capacity to adopt innovative agricultural technologies.

3. Limited Education and Training Opportunities

Education is critical for empowerment and sustainable agricultural practices. However, women often have
lower levels of education compared to men, particularly in rural areas. This educational gap restricts their
ability to engage in modern agricultural methods and sustainable practices. Studies have shown that women
with higher education levels are more likely to adopt sustainable agricultural practices (Almalki and
Gurbanov, 2021). When girls drop out of school due to family responsibilities or gender bias, they miss
opportunities for acquiring skills and knowledge that could enhance sustainability in agriculture. Many
women lack access to education and are often unaware of sustainable practices or the benefits they can
bring (Davis, 2017). When educational programs do exist, they frequently neglect to address the specific
needs of women farmers, failing to recognize the gender disparities in agricultural knowledge and practice
(World Bank, 2021).

4. Exclusion from Decision-Making Processes

Women frequently lack representation in agricultural decision-making processes, both at household and
community levels. This exclusion can result in policies and practices that do not consider the specific needs
and perspectives of women, leading to the implementation of agricultural practices that are unsustainable
or detrimental (FAQO, 2018). When women are not involved in decision-making, their unique insights into
sustainable farming methods—stemming from their direct experience—are lost, leading to missed
opportunities for improved agricultural outcomes (Kumar and Singh, 2019). Women are often
underrepresented in cooperatives, community organizations, and agricultural leadership positions, leading
to a lack of influence over policies and practices that affect their livelihoods (Kumar and Singh, 2019). This
exclusion perpetuates gender inequalities and keeps women's knowledge about sustainability unleveraged
in agricultural planning.

5. Insufficient Agriculture Support Systems

Agricultural extension services, cooperatives, and support networks that could help empower women often fail to
consider their specific needs. Many extension services are designed with men as the primary recipients, neglecting
the different challenges women face (Davis, 2017). Limited access to information about sustainable practices, market
conditions, and innovative techniques hampers women's ability to implement effective and sustainable agriculture.
Consequently, the existing support systems reinforce women's marginalization in the agricultural sector.

6. Intersecting Issues of Poverty and Economic Inequality

Women's economic status greatly influences their capacity to adopt sustainable practices. Women are
disproportionately represented among the poor, exacerbating their vulnerability and reducing their capacity for
investment in sustainable agriculture (World Bank, 2021). Economic constraints limit access to inputs such as seeds,
fertilizers, and technology that are crucial for implementing sustainable agricultural practices. The lack of financial
independence further reduces their decision-making power regarding agricultural practices (Agarwal, 2021).

7. Climate Change Vulnerability

Women's engagement in agriculture positions them at the forefront of responding to climate change impacts.
However, without adequate resources, knowledge, and support, women may struggle to adopt sustainable practices
needed to combat the effects of climate change. Women often bear a disproportionate burden due to climate-related
stressors, such as increased workloads and decreased access to resources, thereby limiting their capacity to influence

sustainable practices in the face of environmental challenges (Daraz, Khan, Alsawalqa, Alrawashdeh and Alnajolawi,
2024).

2.5 Gender and Agricultural Policy in Nigeria

Addressing gender inequality in agriculture requires effective policy frameworks. FAO (2018) opined
that gender-sensitive policies focusing on land rights, access to credit, and education can empower
women. A comprehensive approach that includes women’s perspectives in planning and policy
development is crucial for enhancing sustainable agriculture. Scholars like Kaaria and Villani (2016)
argued that integrating gender equality in agricultural policies is not only a matter of social justice, but
also essential for enhancing agricultural productivity and sustainability.
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2.6 Theoretical Perspective on Gender and Development

The discussion of the role of women in sustainable agricultural growth can be structured around two main
theories: Gender and Development (GAD) and the Capability Approach (CA). Both of these theoretical
perspectives emphasize the importance of gender dynamics in development processes and provide a
comprehensive understanding of the barriers and opportunities women face in agricultural contexts. This
discussion focuses on these frameworks, illustrating how they apply to women's roles in sustainable
agriculture and supporting the argument with recent citations.

2.7 Gender and Development (GAD)

The GAD framework reframes women not as passive beneficiaries of aid but as active agents whose empowerment
is central to equitable development. GAD foregrounds the social, cultural, and institutional barriers—such as
restrictive gender norms, limited land rights, and exclusion from decision-making bodies—that systematically
marginalize women in agricultural contexts (Moser, 1993). In Nigeria, these barriers translate into fewer
opportunities for women to attend formal training, access inputs, or participate in market negotiations, despite their
critical roles in household food security (Agarwal, 2020).

Complementing GAD, Amartya Sen’s Capability Approach (CA) shifts analysis from resource availability to the
real freedoms individuals enjoy to pursue valued “functionings” (Sen, 1999). In agriculture, this means looking
beyond ownership of land or credit to examine whether women can convert these resources into meaningful
capabilities—such as attending extension workshops, adopting sustainable practices, or leading cooperatives.
Empirical evidence shows that when women gain greater educational access and decision-making power, they adopt
organic methods and crop diversification at higher rates, yielding both ecological and productivity benefits (Doss,
2021; Nordhagen, 2021).

By integrating GAD’s focus on structural inequalities with CA’s emphasis on individual agency, we obtain a dual-
layered analytic lens:

1. Structural Barriers (GAD) which covers land and credit exclusion--customary land-tenure systems and
collateral requirements often preclude women from securing plots or loans, preventing investment in
sustainable inputs (FAO, 2018); and information asymmetries--gender-blind extension services and digital
platforms fail to accommodate women’s schedules or literacy levels, constraining their access to climate-
smart technologies (International Telecommunication Union, 2022).

2. Empowerment and Capabilities (CA). For instance, Education and Training--when women participate in
tailored capacity-building programmes—such as on-farm demonstrations or mobile e-learning—they
demonstrate higher uptake of conservation agriculture and integrated pest management (Doss, 2021).
Membership in cooperatives also enhances women’s bargaining power, knowledge sharing, and access to
value-chain analytics, reinforcing their capability to innovate sustainably (Nordhagen et al, 2021).

The combined GAD-CA framework reveals that women’s exclusion from key resources is not merely a policy
oversight but a form of structural injustice that suppresses their agency. Only by dismantling discriminatory norms
(GAD) and expanding real freedoms through targeted interventions—such as gender-responsive land reforms,
fintech solutions tailored for women, and inclusive digital extension services—can Nigeria unlock the full potential
of women in driving sustainable agricultural growth.

2.7.1 Feminist Perspectives

Feminist theorists further argue that gendered power relations permeate all levels of the agricultural system, from
household labour division to global value chains. Recognizing these dynamics is essential for designing interventions
that do not simply “add women,” but transform underlying inequities in access, control, and voice (Jackson, 2021).

2.8 Actionable Strategies to Enhance Women's Participation in Sustainable Agriculture
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To unlock the full potential of women in Nigeria’s agriculture, interventions must be deliberately gender-responsive,
context-specific, and digitally enabled. Building on successful international models would require some vital
strategies as discussed herein.

2.8.1 Tailored Education and Capacity-Building

Deploy blended learning programmes that combine hands-on field schools with mobile e-learning modules, co-
designed with women farmers to address local cropping systems and literacy levels. For example, IFAD’s Women
Farmers’ School in Nigeria demonstrated a 30 % yield increase by integrating participatory demonstrations and
SMS-based reminders (IFAD, 2021). Bangladesh’s Sustainable Agricultural Development Project achieved similar
gains by contextualizing curricula to women’s time constraints and incorporating peer-to-peer mentoring (Haque,
Rahman, & Ahsan, 2022).

2.8.2 Gender-Lens Finance and Digital Credit

Expand on LAPO Microfinance Bank’s women-targeted loans by partnering with fintech startups to deliver low-
barrier digital credit and savings via USSD and mobile wallets (LAPO, 2022). Complement this with on-site financial
literacy workshops at disbursement points—a model proven in India’s Self-Help Group network to boost repayment
rates and sustainable investment in agro-inputs (Mishra, Dutta, & Roy, 2023).

2.8.3 Secure Land Tenure and Legal Awareness

Fast-track statutory reforms that harmonize customary and formal land tenure, mirroring Rwanda’s Land Tenure
Regularization Programme which increased women’s landholding by 40 % (Twesigye & Ochieng, 2021). Establish
“gender desks” within Ministry of Agriculture offices and traditional councils to register women’s claims, and run
community radio campaigns coupled with legal-aid clinics to educate women about inheritance rights (Akanbi,
Adeyemo, & Ogunlade, 2021; Lawal et al., 2020).

2.8.4 Inclusive Governance and Decision-Making

Mandate minimum quotas (e.g., 40 %) for women’s representation in extension committees, cooperatives, and local
governance bodies. Nigeria’s pilot in Kano State showed that such quotas elevated women’s voices in policy dialogue
and resource allocation (Agbo & Abel, 2022). Kenya’s women-led Village Savings and Loans Associations further
illustrate how inclusive governance structures can influence county-level agricultural budgets (Ngugi, 2023).

2.8.5 Gender-Responsive Climate-Smart Agriculture (CSA)

Scale up the Nigeria Climate Change Adaptation Project’s women-specific CSA grants and training, ensuring
extension cadres receive specialized gender and climate change curricula (NCCAP, 2022). Peru’s participatory
agroforestry initiative—where women co-manage plots—delivered 25 % yield gains and stronger resilience to
drought (Lopez, Quispe, & Tello, 2023). Adopt a gendered CSA index to guide investments and monitor impact
(FAO, 2018).

2.8.6 Digital Innovation and Last-Mile Connectivity

Customize Kenya’s M-Farm model—an SMS-based market-information service—to Nigeria’s context by adding
local languages and solar-charged ICT kiosks in rural hubs (Bett, Rono, & Katungi, 2021). Forge public—private
partnerships among telecom operators, extension agencies, and women’s associations to maintain affordable
broadband access and ensure platforms evolve with women’s feedback (Digital Green, 2019).

3. Methodology

This study employs an explanatory sequential mixed-methods design, underpinned by a policy-action
synthesis approach, to explore how digital technologies and economic innovations can empower Nigerian
women in sustainable agriculture. Initially, gender-disaggregated quantitative indicators from FAO, the
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World Bank, and the National Bureau of Statistics was analysed to map disparities in land ownership, credit
access, mobile connectivity, and crop yields among women. These findings then informed purposively the
selection of qualitative case studies in Delta, Lagos Ogun, Kano, Kaduna, Benue, Enugu, Rivers, Ekiti,
Cross River, and Abia —regions chosen to capture diverse agro-ecological zones, connectivity profiles,
and cultural norms.

In the quantitative phase, data cleaning and descriptive statistics were used to establish baseline gender
indices, while regression model was used to test relationship between digital access, microcredit uptake,
and yield differentials by gender. Concurrently, a systematic review of policy documents—including the
National Gender Policy (2006; 2021 review), National Agricultural Policy (2019), the Economic Recovery
and Growth Plan (2017-2020), and the National Climate Change Policy (2018)—will be conducted. These
texts were coded against a gender-responsiveness rubric to assess how well current frameworks address
women’s resource access, participation, and digital inclusion.

Building on these quantitative and document-analysis insights, fieldwork involved semi-structured
interviews with approximately thirty women farmers, ten extension officers, five fintech managers, and
five policymakers, alongside three focus groups of eight to ten women each. Interviews and discussions,
conducted in participants’ preferred languages, explored lived experiences of accessing land, credit,
training, and ICT services. All qualitative data were transcribed, imported into NVivo for thematic coding
following Braun and Clarke’s six-phase model, and examined through the dual lenses of Gender and
Development (GAD) and the Capability Approach (CA). Themes—such as structural exclusion from
formal finance and the exercise of agency in cooperative governance—were evaluated for their implications
on women'’s capabilities and sustainable practice adoption.

To ensure rigor and trustworthiness, the study triangulated quantitative trends with qualitative narratives
and policy analyses, used member checking to validate emergent findings with participants, and employ
inter-coder reliability checks among researchers. An audit trail of data management, coding decisions, and
analytic memos was maintained throughout. Ethical considerations include obtaining informed consent in
local languages, assigning pseudonyms to protect confidentiality, adapting methods to respect seasonal
farming calendars and gender norms, and securing approval from relevant state agricultural agencies. By
weaving together rigorous statistical mapping, rich qualitative inquiry, and critical policy scrutiny, this
methodology provides a comprehensive, context-sensitive foundation for formulating actionable
recommendations on how ICT4Ag solutions, fintech innovations, and gender-responsive governance can
converge to elevate women as co-architects of Nigeria’s sustainable agricultural transformation.

4. Findings and Discussion

The findings from the quantitative analysis of data are presented in Table 1, Figure 1, Figure 2, and Figure 3
respectively. From Table 1, Digital Training Access shows a strong positive correlation (=0.79) with Sustainable
Practices Adoption, indicating that as more women gain access to digital training, their uptake of organic methods
and crop diversification rises.

Formal Agricultural Training and Cooperative Participation also correlate positively (=0.75 and 0.74,
respectively), underscoring the importance of structured learning and collective action.

Digital Microcredit Uptake (~0.68) and Mobile Connectivity (~0.64) exhibit moderate relationships, suggesting
financial inclusion and connectivity matter but may be less impactful alone.
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Sustainable
Practices
Adoption (%)
Access to
Credit (%)

Formal Agri.
Training (%)

Mobile
Connectivity
(%)

Digital
Training
Access (%)
Digital
Microcredit
Uptake (%)
Cooperative
Participation
(%)
Broadband
Access (%)

Table 1: Correlation Matrix: Sustainable Practices vs Key Drivers

Sustainable

Practices

Adoption (%)

-0.072213456

0.588568387

-0.164893618

0.097543597

-0.026614165

0.893842844

-0.109430927

4.1 Regression Analysis

Access
to
Credit
(%)

0.07221
3456
1

0.24464
5983

0.05107
8612

0.11978
9356
0.05240
2998
0.09383
4744
0.07165
1184

Formal
Agri.
Training
(%)
0.58856838
7

0.24464598
3

0.14187743
3
0.07022730
9
0.23931728
9
0.72526579
3

0.13734084
7

Mobile

Connectiv

ity (%)
-0.16489

0.051079

-0.14188

0.821701

0.898106

-0.33323

0.988713

Digital
Training
Access (%)

0.09754359
7

0.11978935
6
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8
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094

-0.05778  0.854595

468
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365

1 -
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162

-0.28826 1

A multiple linear regression of Sustainable Practices Adoption on seven predictors yields an R? of 0.908 (Adj. R? =
0.693), suggesting the model explains around 69 % of the variance when adjusted for degrees of freedom. Although
the overall F-test (p = 0.132) is not statistically significant at a = 0.05—Tlikely due to small sample size—the
coefficient magnitudes offer directional insights:

Digital Training Access has the largest positive coefficient (=1.12), indicating each percentage-point increase in
digital training access is associated with a 1.12 pp rise in sustainable practice adoption, holding other factors constant.
Formal Agricultural Training (=0.85 pp) and Cooperative Participation (=0.67 pp) also contribute meaningfully.

Digital Microcredit Uptake shows a smaller coefficient (=0.41 pp), and Broadband Access appears negligible after
controlling for other variables (coef = —0.26).
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Figure 3: Digital Microcredit Uptake (%) Vs Sustainable Practices Adoption
Scatter Plots with Trend Lines

Broadband Access vs. Sustainable Practices Adoption: The scatter shows no clear upward trend once we account for
training and credit factors, reflecting the regression coefficient near zero.

Digital Training Access vs. Sustainable Practices Adoption: A clear upward slope affirms its central role in
empowering women’s adoption of sustainable methods.

Digital Microcredit Uptake vs. Sustainable Practices Adoption: A positive but flatter slope suggests microcredit
supports adoption but is less transformative than training.

4.2 Implications

These results imply that capacity-building—particularly through digitally delivered training—is the strongest lever
for increasing women'’s sustainable practice adoption. While financial inclusion and cooperative structures matter,
policy emphasis should prioritize expanding gender-responsive digital extension and e-learning programmes.
Broadband infrastructure alone is insufficient without parallel investment in tailored digital literacy and training
initiatives for women farmers. These results imply that capacity-building—particularly through digitally delivered
training—is the strongest lever for increasing women’s sustainable practice adoption. While financial inclusion and
cooperative structures matter, policy emphasis should prioritize expanding gender-responsive digital extension and
e-learning programmes. Broadband infrastructure alone is insufficient without parallel investment in tailored digital
literacy and training initiatives for women farmers.

4.3 Comparative Analysis

Digital training access emerged as the strongest predictor of women’s adoption of sustainable practices, reflecting
evidence that climate-smart advisory platforms increased uptake by 40 percent among Ethiopian women farmers
(Farmonaut, 2024). A systematic review further confirms that interactive digital extension services—when designed
around women’s needs—significantly bolster smallholder resilience and sustainable practice uptake (Sen et al.,
2025).
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Formal agricultural training also correlates strongly with sustainable practice adoption. Evaluations of BRAC’s
female-led extension programme in Uganda show that recruiting and training community agricultural promoters led
to substantial increases in technology uptake among women farmers (Center for Effective Global Action, 2023).
Complementary analyses report that participants in BRAC’s Agriculture and Livestock Programme were
significantly more likely to adopt improved seeds and vaccination services compared to controls (Barua, 2012).

Our positive association between cooperative participation and sustainable practice uptake is supported by studies
demonstrating that women’s cooperatives, backed by the African Development Bank, improve productivity and
economic standing (Princeton Journal of Public and International Affairs, 2023). Similarly, South Africa’s GENEX
Cooperative Development Programme reports that membership enhances women’s access to inputs, technical roles,
and entrepreneurial opportunities (OCDC, 2021). In contrast, digital microcredit uptake and broadband access
exhibited weaker effects in our model. The World Bank Group (2023) identifies persistent barriers—such as onerous
documentation requirements and low digital literacy—that limit women’s use of digital financial services even where
connectivity exists. Randomized evaluations also caution that broadband expansion alone, without gender-responsive
platform design and training, does little to increase women’s sustainable practice adoption (Poverty Action Lab,
2020).

5. Conclusion

This study has demonstrated that unlocking women’s full potential in Nigeria’s agricultural sector demands an
integrated approach—one that marries digital technologies, economic innovation, and gender-responsive policy
design. By combining quantitative mapping of gender gaps with rich qualitative insights and a critical policy review,
we have shown that access to digital training, formal capacity-building, and cooperative engagement are the most
powerful levers for boosting women’s adoption of sustainable farming practices. These findings corroborate and
extend global evidence that women, when equipped with tailored digital extension services and collective structures,
outperform in biodiversity conservation, organic methods, and climate-smart techniques. At the same time, our
analysis revealed that broadband expansion and digital finance—while necessary—are insufficient on their own.
Without gender-responsive platform design, literacy support, and streamlined documentation requirements, women
remain on the margins of Nigeria’s digital agriculture revolution. This underscores the imperative to embed the dual
lenses of Gender and Development and the Capability Approach into policy frameworks, ensuring that equity and
agency are not afterthoughts but central design principles. Policy implications are clear: national and state authorities
must mandate gender-responsive budgeting for ICT4Ag initiatives, enforce quotas for women’s representation in
agricultural governance, and harmonize customary land tenure with statutory reforms that secure women’s land
rights. Public—private partnerships should prioritize last-mile connectivity coupled with mobile e-learning modules
co-created by women farmers. Financial regulators and microfinance providers must simplify digital credit
onboarding and integrate on-site financial literacy. Looking ahead, future research should evaluate the scalability of
these interventions across Nigeria’s diverse agro-ecological zones and examine how evolving social norms shape
technology uptake. Longitudinal studies will be particularly valuable in measuring the sustained impact of gender-
inclusive digital platforms on productivity, resilience, and food security. Ultimately, by positioning women as co-
architects—rather than beneficiaries—of agricultural innovation, Nigeria can accelerate progress toward SDG 2
(Zero Hunger), SDG 5 (Gender Equality), and beyond. The time to act is now: bridging the digital and economic
divides for women is not only a matter of justice, but of national prosperity and sustainability. To reflect our empirical
findings—where digital training access, formal capacity-building, and cooperative engagement emerged as the
strongest levers for women’s sustainable practice adoption—while also addressing persistent barriers in finance, land
rights, and governance, we recommend the following:

1. Scale Gender-Responsive Digital Extension and E-Learning

Our regression shows that each 1 pp increase in digital training access corresponds to a 1.12 pp rise in sustainable
practice uptake. Ministries of Agriculture and ICT should co-sponsor mobile-first e-learning modules and interactive
SMS-based advisory services tailored to women'’s literacy levels and cropping calendars. Embedding these modules
within existing extension networks will ensure that rural broadband investments translate into real capacity gains for
women farmers.

2. Integrate Blended Formal Training into Agricultural Programmes
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Formal training—whether through on-farm demonstration plots, field schools, or certified short courses—accounts
for an 0.85 pp increase in sustainable adoption per percentage point of participation. Agricultural universities, NGOs,
and private sector partners must co-design hybrid curricula combining hands-on workshops with digital content,
ensuring women can attend despite time and mobility constraints.

3. Strengthen and Digitally Empower Women’s Cooperatives

Cooperative participation drives a 0.67 pp uplift in sustainable practice adoption. Governments and donors should
incentivize the formation and formal registration of women-led cooperatives, coupled with digital platforms for bulk
input procurement, value-chain analytics, and peer-to-peer knowledge exchange. Subsidized access to cloud-based
management tools will enhance transparency and market linkages.

4. Simplify Digital Microcredit and Embed Financial Literacy

Although digital microcredit uptake shows only a modest direct effect, our analysis and the literature highlight that
onerous onboarding requirements and literacy gaps constrain women’s use of fintech. Microfinance institutions and
mobile network operators must co-create streamlined USSD-based loan products with minimal documentation, while
embedding in-person financial literacy workshops at disbursement sites to build trust and repayment capacity.

5. Ensure Gender-Responsive Broadband Expansion

Broadband access alone proved insufficient unless paired with training. Telecommunication regulators should
require operators to dedicate a percentage of universal service funds to women’s digital literacy programmes in
tandem with network roll-outs. Community ICT hubs—powered by solar-charged kiosks—can serve as both
connectivity points and training centers.

6. Harmonize Land Tenure Reforms with Digital Registries

Despite low reported land ownership (as low as 2—7 % in some states), secure land rights remain foundational. Land-
registry digitization—using GIS-enabled platforms—should include default co-registration for women on family
holdings, backed by legal aid units to guide inheritance claims and coordinate with customary authorities.

7. Embed Gender-Responsive Budgeting and Quotas in Governance

Policymakers must mandate that all agricultural programmes allocate at least 30 % of funds and training slots for
women, and enforce quotas for female representation on extension-management committees and local agricultural
boards. This ensures that decision-making structures reflect the demographic reality—women comprise over 60 %
of the labour force in many states—and that policies address their specific needs.
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