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Fintech, or financial technology, is transforming the agriculture sector by enhancing
access to capital, optimizing the utilization of resources, and promoting sustainable
agriculture practices. This research assesses how fintech can promote sustainable
agriculture in Tamil Nadu, India, through an analysis of how it influences climatic
resilience, environmental sustainability, and financial inclusion. The research
examines the impacts of fintech, mobile market access platforms, and precision
farming technologies on agricultural sustainability and production by surveying
farmers across the region. The findings indicate that farmers can embrace green
farming methods, access broader markets, and acquire loans with greater ease
using fintech, reducing resource wastage and enhancing economic stability. The
effectiveness of fintech solutions is, nonetheless, significantly influenced by factors
such as legislative support, infrastructural availability, and digital literacy. The
research stresses that for the maximum benefit to small and marginal farmers,
targeted digital literacy programs and increased fintech access are needed. For
policymakers, financial institutions, and stakeholders in the agricultural sector,
the findings of the research make valuable recommendations on the appropriate
utilization of fintech technologies to address sustainability challenges and enhance
rural economic development.

KEYWORDS

digital literacy, environmental sustainability, financial inclusion, fintech, sustainable
agriculture, Tamil Nadu, agricultural innovation, green finance

1 Introduction

Agriculture is the core of India’s economy;, as this sector feeds nearly half of its population
and contributes 17-18% to India’s GDP. The sector is still plagued by issues despite its
importance, mainly due to dispersed landholdings, erratic weather patterns, wasteful use of
resources, restricted availability of finance, and unstable market conditions. These factors also
affect productivity and profitability of farmers beside impacting their output. Global
movements toward sustainability and growing environmental concerns have made the need
for creative, tech-driven solutions to remove these obstacles even more pressing (Arena et al.,
2023; Shahbaz et al., 2013). Within the context of international development, fintech has
emerged as a game-changer promoting financial inclusion, addressing income inequality, and
propelling the United Nations Sustainable Development Goals (SDGs), specifically SDG 1 (No
Poverty), SDG 8 (Decent Work and Economic Growth), SDG 9 (Industry, Innovation, and
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Infrastructure), and SDG 10 (Reduced Inequalities). Digital financial
services like mobile money, microloans, and digital credit have shown
great promise to empower underserved groups by enhancing access
to formal financial systems (Azimi, 2022; Liu, 2021) In the developing
economies, fintech fills structural gaps in conventional banking,
particularly in rural and agricultural communities (Azmeh, 2025). In
addition, recent international research corroborates that fintech
innovations not only raise economic resilience but also facilitate
eco-friendly practices (Demir et al., 2022; Morgan, 2022). By placing
this research within this international context, we hope to provide
region-specific findings from Tamil Nadu, India—a region that
personifies the challenges and opportunities of agricultural
digitalization in the Global South.

Financial technology, or fintech, is a revolutionary instrument that
can solve a number of structural problems in the agriculture industry.
Fintech can enhance the level of financial inclusion, resource usage
efficiency, and help farmers convert to sustainable farming practices
because it allows offering digitalized financial services that include
crop insurance, microloans, digital payment, mobile banking, and
e-market platform. Such services are precisely needed for small and
marginal farmers as they often lack resources and access to traditional
bank systems (Kumar and Parida, 2013). Being an agricultural state
with a rich history and different cropping patterns, Tamil Nadu is
witnessing a growth in the adoption of fintech solutions. The region’s
agricultural ecosystem is characterized by heterogeneity in farm size,
wealth, and access to technology, making it an ideal location to study
how fintech can help advance sustainability (Maryam and Ahamad,
2021) states that fintech solutions have been shown to reduce
transaction costs, increase access to finance and insurance, and
facilitate environmentally friendly techniques such as sustainable
water management and precision farming. The extent to which such
benefits are realized is primarily contingent upon factors such as
farmer awareness, technology infrastructure, and digital literacy.

Digital literacy is specifically beneficial in the adoption of fintech.
More advanced levels of digital literacy enable farmers to make use of
information in making decisions, access financial services, and
navigate digital platforms. This ability does not only enhance the
advantages of fintech in sustainable agriculture but also helps bridge
the gap in digital exclusion, which often prevents underrepresented
groups from accessing new technologies (Patel, 2019). The study aims
to comprehend the economic, environmental, and social effects of
fintech adoption in order to understand how it impacts the
sustainability of agriculture in Tamil Nadu. The conclusions drawn
from the study will provide insightful information that will help
financial institutions, policymakers, and agricultural stakeholders
create focused initiatives that will increase the use of fintech solutions
and encourage sustainable farming methods in Tamil Nadu and
elsewhere. The contribution of this research is the integration of
fintech uptake and sustainability impacts in the case of smallholder
farming in Tamil Nadu, India—a region very much neglected in
previous research. While existing literature has examined fintech or
sustainable agriculture as separate subjects, most have not considered
their intersection point using micro-level primary data. Having used
a stratified random sample of 670 farmers improves the findings’
robustness and representativeness. Moreover, the research considers
not only economic effects, but also environmental and systemic
sustainability aspects, providing a comprehensive view of how digital
financial services affect rural agricultural systems. The incorporation
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of digital literacy as a moderating variable further enriches the
analytical depth, rendering this study topical and policy-relevant. This
study therefore addresses an important lacuna in empirical research
by making region-specific observations with wider significance for
digital transformation and inclusive development across the
Global South.

In addition to artificial intelligence (AI)-based predictive tools, a
number of other fintech solutions are revolutionizing agriculture.
Blockchain provides secure and transparent records of transactions;
mobile wallets and UPI-based platforms make rural transactions easy;
and digital ledgers ease the bookkeeping of smallholder farmers.
These technologies are being more and more incorporated into agri-
fintech platforms to build trust, lower costs, and make
farmers creditworthy.

2 Review of the literature

2.1 Theoretical framework: Rogers’
diffusion of innovation theory

Rogers’ Diffusion of Innovation Theory Rogers’ Diffusion of
Innovation Theory presents a powerful framework for understanding
the adoption of fintech in sustainable agriculture (Keyling et al., 2015)
points out that farmers adopt innovations when they consider them
easy to use, with relative advantages, and compatible with existing
practices (Chawla et al., 2024) applied this theory to assess the
diffusion of digital payment systems among farmers and identified
that perceived usefulness is strongly influencing the adoption rates
(The Dynamics of a Degenerate Epidemic Model with Nonlocal
Diffusion and Free Boundaries - ScienceDirect, 2024) stated that the
diffusion of fintech solutions in rural regions highly depends on social
networks and peer influence. This aspect of the theory, emphasizing
early adopters and opinion leaders, is particularly relevant to the
promotion of fintech in agriculture.

2.2 Impact of fintech on sustainable
farming

The revolutionary impact of fintech in sustainable agriculture is
now increasingly acknowledged. It opens up loans, insurance, and
market data for farmers, which are all important factors to increase
sustainability and productivity. As Suri and Jack (Rao, 2025) have
said, “Rural farmers who use mobile money are more financially
resilient and have less poverty” (Mapanje et al., 2023) further
elaborated on how fintech innovations enhance financial inclusion,
which has a direct effect on agricultural productivity and reduces
income inequality. Fintech enables sustainable practices by
providing customized financial products, which lessens the
environmental impact of farming operations, according to Anshari
(2019).
Mukhopadhyay

et al Digital financial platforms,
(2020),

information that can help make effective decisions and thus largely

according to

“would make available real-time
reduce resource utilization inefficiencies.

In their 2022 study, Chatterjee and Singh (2022) probed how
digital payment methods simplify transactions and ensure timely

acquisition of seeds and fertilizers. Furthermore, (Jain and Gabor,
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2020) examined the way fintech can reduce transaction costs and
expand access of farmers to formal banking institutions. Fintech
adoption promotes minimal environmental damage as it encourages
climate-smart farming practices, as opined by Kumar and Parida
(2013). Fintech platforms are instrumental in promoting sustainable
land management techniques and crop diversification, according to
Arora et al. (2018).

2.3 Sustainable development and
agriculture

Sustainable agriculture largely benefits the rural areas because of
its strong support toward economic development. Redesigning
agricultural systems improves environmental results and strengthens
rural livelihoods, observed (Kamilaris et al., 2019). In poverty-stricken
areas with limited resources, sustainable agriculture methods
implemented assure output while ensuring food security (found Jain
and Gabor, 2020). The poverty rate drastically decreases in areas
implementing climate-smart agriculture as the yield becomes stable,
reports (Anshari et al., 2019).

According to Anifa et al. (2022), sustainable agriculture is that
which enhances rural economies and creates employment
opportunities in rural areas. The use of green techniques in agriculture
increases both economic efficiency and environmental protection,
according to Anshari et al. (2019). Green finance accelerates the
adoption of environmentally friendly farming practices, thus
enhancing long-term economic growth, according to Fintech
Innovation for Smallholder Agriculture (2024).

2.4 Function of financial inclusion in rural
farming

In rural agriculture, financial inclusion is essential since it helps
close the gap between farmers and official financial institutions.
Formal bank account ownership improves farmers’ capacity to invest
in productive assets, according to Sharma (2025). The adoption of
novel agricultural technologies is substantially impacted by financial
availability, as demonstrated by Sadia (2018) and Bilal Khan et al.
(2021) assert that financial inclusion raises agricultural output and
rural infrastructure. See Table 1 shows the important literature
collections related to the present study. According to McIntosh and
Mansini (2025), mobile-based financial services can promote
agricultural productivity and reduce the cost of transactions.
According to Arner et al. (2020), inclusive financial institutions enable
smallholder farmers by offering cheap financing and insurance
(Fintech Innovation for Smallholder Agriculture, 2024; Zhang, 2024)
established that financial inclusion through fintech improves the
resilience of rural communities to economic shocks.

2.5 Emerging technologies in agri-finance

Recent fintech evolution has brought a variety of tools to
complement Al-based predictive systems. For example, blockchain
technologies have been employed to enhance supply chain traceability
and guarantee equitable market prices (Vignesh et al., 2024). Mobile
money apps enable instant payments and enhance access to credit
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(Chatterjee and Singh, 2022). In the same way, digital ledger apps
enable farmers to keep track of records, which makes them more
qualified to receive formal credit and insurance products (Hao et al.,
2024). Each of these innovations combined lowers information
asymmetry, reduces transaction costs, and enhances inclusion in the
agricultural finance system.

2.6 Literature gap

Even though previous studies focus on the benefits of fintech and
sustainable agriculture, there are still several limitations. First, the
empirical data do not support the precise effect of fintech on the
environmental quality of agricultural practices (Ghosh and Kulkarni,
2024). Second, nothing is known about how fintech can help farmers
lower their carbon footprint (Chatterjee, 2024). There is a scarcity of
literature on the moderating effects of socioeconomic factors in
determining the adoption of fintech solutions in agriculture (Feyen
et al, 2025). More importantly, rather than integrated fintech
ecosystems, most of the research focus on standalone technologies.
Another gap is geographical context because most of the research
focus on developed nations with less focus on rural areas in Tamil
Nadu, India (Bakhshi et al., 2024).

While an increasing amount of literature discusses the potential
of fintech in enhancing financial inclusion and economic development,
there has been a paucity of empirical studies testing its multi-faceted
influence on sustainable agriculture at the micro-level, especially in
rural areas of developing nations. For example, while Yang et al. (2023)
highlight the promise of digital finance in fostering ecological
sustainability in Chinese villages, similar data-driven research on the
Indian agricultural sector is lacking. In the same vein (Malik and
Kapoor, 2023) discuss how Al-driven tools facilitate environmental
decision-making but note that rural implementation is still hindered
by infrastructure and literacy challenges (Joshi, 2023) also emphasize
that while fintech innovations can boost sustainable exploitation of
resources, their reach and sustainability in low-income agricultural
environments need to be examined further. Most previous studies
have taken national or macroeconomic measures into consideration
or sectors other than agriculture. In addition, there is no integrative
model that considers economic, environmental, and systemic
sustainability outcomes simultaneously, and the moderating effect of
digital literacy, which is an important factor in the uptake of
technology by smallholder farmers. This work fills these gaps by
employing primary field data from 670 Tamil Nadu farmers to
examine the causal link between fintech uptake and farm-level
sustainability. It includes digital literacy as a moderator, adding new
evidence on the potential for digital tools to shape development

outcomes in a regionally contextualized and rigorously
empiric manner.
2.7 Objectives

The objective of this study is to examine the role of financial
technology (fintech) in promoting sustainable agriculture among
smallholder farmers in Tamil Nadu, India. More specifically, the
research aims at assessing how fintech innovations enhance
economic efficiency, environmental sustainability, and systemic
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TABLE 1 Review of literature.

References

The purpose of the
research

Methodology

Major findings

10.3389/fsufs.2025.1614553

Relevance to the
present study

Bilal Khan et al. (2021)

Examined how fintech can
contribute to rural

development.

Case study using questionnaires
targeting fintech users and farmers

in the rural areas.

Fintech adoption is found to
have a large positive effect on
smallholder farmers’ access
to credit and transaction

costs.

Indicates the worth of fintech
solutions in enhancing
financial inclusion and

agricultural cost reduction.

Anifa et al. (2022)

Has explored how fintech has
resulted in a digital
revolution of Indian

agriculture.

Adopted case study approach with
more focus on Tamil Nadu, along

with other Indian states.

Fintech use showed positive
correlation with digital
literacy; hence, the financial
returns of farmers improved
and enhanced resource

efficiency.

This fact supports the idea that
probably, digital literacy may
turn out to be a mediator for
the adoption of fintech for

sustainable agriculture.

Sukoco et al. (2018)

Studied the relationship
between adoption of fintech,
sustainability, and financial

inclusion.

A quantitative analysis of 500

farmers.

Survey results showed that
improved agricultural
sustainability and economic
resilience were facilitated
through financial inclusion

via fintech instruments.

This supports the concept that
adoption of fintech has an
effect on sustainability
outcomes, which is aligned
with the study’s dependent

variables.

Demirgii¢-Kunt et al. (2020)

The studied the potential and
difficulties of digital
technologies in agricultural

worldwide.

Review of case studies from around
the world on digital agriculture

technologies.

A lack of infrastructure and
internet knowledge are major
obstacles to adoption, but
also mentioned the
substantial advantages for
income generation and

sustainability

Confirms that in order for
fintech to be adopted in Tamil
Nadu, infrastructural and

literacy issues must be resolved.

Zhang (2024)

Examined the impact of
mobile-based financial
services on smallholder
farmers’ economic

sustainability.

Mixed-method approach: survey
and focus group discussion with

300 farmers.

Results revealed that mobile-
based financial services
enhanced income stability
and financial access among
farmers, reducing economic

vulnerability.

Supports the contribution of
mobile-based fintech services
to economic sustainability as

part of this research focus.

Omotilewa et al. (2019)

Examined the impact of
digital payments on

agricultural value chains.

Qualitative research based on
interviews with stakeholders in

agricultural supply chains.

It was established that digital
payments improved better
access to markets and
minimized exploitation by

middlemen, hence increasing

It shows how fintech adoption
contributes to improved
market access, which is
relevant to understanding the

stages of fintech adoption in

fintech adoption in rural

India

farmers and interviewing experts.

the economic efficiency of this study.
farmers.
Raj et al. (2021) Looked into the barriers to Conducting a survey among rural They concluded that low They also identified issues that

perceived benefits, lack of
awareness, and poor digital
infrastructure were the main

barriers to fintech adoption.

needed to be taken into
account while developing plans
to encourage fintech adoption

in Tamil Nadu.

Source: author’s contribution.

resilience in agriculture. By including digital literacy as a

moderating variable, the study experiments with the impact of

fintech adoption on the availability of credit, market integration,
and the adoption of climate-smart agriculture. Drawing from
empirical data from 670 farmers, the research seeks to provide
actionable advice to policymakers, financial institutions, and
stakeholders for enhancing digital financial inclusion and

supporting sustainable rural development.

Frontiers in Sustainable Food Systems

3 Research theories

To ensure representation from a variety of areas and farm sizes,
670 farmers from all over Tamil Nadu were selected using a stratified
random selection method (Figure 1), and their responses to
structured questionnaires and interviews formed the primary source
of data for this study. A sample size of 670 was selected to ensure that

the research captures a wide range of views regarding the adoption of

04
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FIGURE 1
Sampling area. Source: www.veethi.com.

fintech and its impacts on sustainable agriculture, as well as provide
strong statistical power for the research. Several areas were included
in the design of the survey, such as questions on sustainable practices,
usage of fintech, and demographic information.

To ensure comprehensive data collection, the questions included
a combination of binary responses, open-ended questions, and Likert-
scale items. Pre-testing was also conducted to enhance dependability
and clarity of the questionnaire. Secondary sources of academic
research, papers by fintech firms, and government reports were used
to corroborate patterns and contextualize the primary data. The
study’s results are reliable and reflective of the agriculture sector in
Tamil Nadu because of the stratified sampling coupled with diverse
sources of data. This section explains the comprehensive theories
in detail.

3.1 How sustainable agriculture affects
system stability, economic efficiency, and
environmental quality

This section analyzes the potential impact of fintech adoption on
several aspects of sustainable agriculture, such as system stability,
economic efficiency, and environmental quality. The fintech solution
is considered to have a revolutionary role in developing the practice

Frontiers in Sustainable Food Systems

of sustainable farming, as it is expected to provide farmers with better
access to capital, risk management resources, and decision-making
skills (Bharadwaj et al., 2025).

The following theories are developed to analyze these relationships:

H]la: Fintech adoption improves agricultural environmental quality.

This hypothesis, as reported by Bakhshi et al. (2024) and Zhang
(2024), explains how the availability of financing for eco-friendly
inputs and precision farming technologies enabled through fintech
can reduce resource waste and deterioration of the environment.

HIb:  Fintech
economic efficiency.

implementation ~ enhances  farmers’

According to Bilal Khan et al. (2021) and Zhao et al. (2022), this
hypothesis examines how fintech tools might improve market access,
minimize transaction costs, and optimize financial resources-all of
which increase farmers’ economic production and profitability.

Hilc: Agricultural methods that use fintech are more stable as
a system.

This theory further postulates that fintech can stabilize agricultural
systems because it provides improved means for risk management,
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crop insurance, and financial planning that reduce susceptibility to
climatic and market shocks (Omotilewa et al., 2019; Raj et al., 2021).

3.2 Tamil Nadu's sustainable agriculture
and fintech

This section explores how fintech is motivating farmers in Tamil
Nadu to adopt sustainable farming practices. Fintech solutions are
believed to enhance resilience to external shocks, reduce
environmental impact, and enhance resource management through
digital innovation (Kumar, 2025a). The following theories are

proposed to test these impacts:

H2a: Fintech enhances farmers access to market data and
financial services.

The hypothesis explores how farmers can better make decisions
and achieve greater financial inclusion through the use of digital
financial platforms to improve access to credit, insurance, and timely
market information (Demirguc-Kunt et al., 2018; Kumar, 2025b).

H2b: The adoption of fintech reduces farming’s carbon footprint.

With resource monitoring systems and precision agriculture
technologies, fintech tools will be able to help in the preservation of
the environment by maximizing input utilization and minimizing
waste and therefore reduce greenhouse gas emissions (Xing
etal., 2022).

H2c: Farmers are more resilient to climate change when
using fintech.

This hypothesis focuses on how farmers could employ fintech
services, including weather forecasting, crop insurance, and risk
management, in reducing the adverse impacts of climate variability
and the sustenance of sustainable agricultural practices (Kumar,
2025a; Iftikhar et al., 2024).

4 Methods
4.1 Model building

To analyze how fintech may enhance sustainable farming practices
in the state of Tamil Nadu, the study develops a model. The diffusion
of innovation theory, which focuses on the factors influencing the
adaptation of new technologies, developed by Diffusion of Innovations
by Rogers (2003), is integrated into the model. It takes into account
how the adaptation of fintech may benefit the farmers in terms of
money, the environment, and society. The model framework considers
both the direct and indirect effects of fintech on agriculture.

According to Anshari et al. (2019), it outlines the key forces
behind adoption, which include socioeconomic characteristics,
financial literacy, and technology infrastructure. Moreover, it depicts
how fintech services such as crop insurance, digital payments, and
microloan availability can improve agricultural sustainability.
According to the model, the use of fintech leads to increased income
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generation, reduced transaction costs, improved market access, and
environmentally friendly practices (Lavrinenko et al., 2023). Both
mediating and moderating elements are included in the framework,
such as government regulations and digital literacy (Wheeler, 2025).
This enables the possibility of seeing variables and their connections
in a broad context of rural agricultural growth. How these relationships
are measured with actual data will be explained in the next sections.

4.1.1 Foundational structure

The conceptual framework relates the concepts of the adoption of
fintech and the results in agriculture. Based on the framework, it is
believed that in the agriculture sector, adopting fintech will improve
its economic, environmental, and social sustainability (Sharma et al,,
2024). According to several studies, perceived benefits, access to
technology, and awareness about the digital tool are critical to the
adoption of fintech among farmers (Schuetz and Venkatesh, 2020).
These then affect the sustainable farming methods, which include
improved crop yields, improved access to capital, and improved
resource management. Moderating factors such as digital literacy,
which influence the efficiency of farmers in using fintech tools, are
also included in the framework (Demirguc-Kunt et al, 2018).
Moreover, to consider external influences, control factors such as farm
size, income levels, and education are included. This framework aims
to provide a clear path from fintech adoption to sustainable agriculture
with measurable outcomes in all sustainability dimensions. It gives the
theoretical and visual representation of cause-and-effect linkages that
will be empirically analyzed.

4.1.2 Mathematical model representation

The mathematical representation of relations in the conceptual
framework forms a regression model. Such a regression equation
generally, in its form, represents:

Yi=fo+ fiXi+BXo+ B Xs+yWi+g (1)

Where:

Y, refers to the sustainability outcomes (economic, environmental,
and social) (Gautam et al., 2022).

X, X, and X; are independent variables like fintech adoption,
awareness, and digital literacy (Kshetri et al., 2023).

Wi, is control variables such as farm size, income, and education
(Allen et al., 2025).

B is the intercept, and 3, f, and f; represent the coeflicients of
the variables (Kamilaris et al., 2019).

y represents the interaction terms (if any), and €i is the error term
that captures unobserved factors (Feyen et al., 2025).

To introduce moderating effects, the model is expanded to include
interaction terms:

Y=o+ BXi+ B Xo+ BXa+ Bu (X x X )+ yWi+s  (2)

According to Arena et al. (2023), this allows the study to assess
how digital literacy influences the impact of fintech adoption on
sustainability outcomes. According to Bishnoi et al. (2023), the model
further includes multiple regression analysis in order to establish the
significance of each variable and its impact on agricultural
sustainability. The results are further confirmed through hypothesis
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testing and statistical estimation of the coefficients (Manobharathi
etal., 2024).

4.1.3 Econometric justification and endogeneity
control

This research uses sophisticated econometric methods to confirm
reliable estimation of the fintech effect on sustainable farm output.
Of these, the Two-Stage Least Squares (2SLS) estimator is used to
correct for endogeneity bias, which in turn could be caused by
omitted variable bias, measurement errors, or reverse causality—
particularly in the fintech adoption and sustainability measure
relationship. The main reason for applying 2SLS is to tease out the
causal effect of fintech adoption by controlling for unobserved
variables that might have a joint influence on both adoption and
sustainability outcomes. Instrumental Variables (IVs) applied in the
first stage are regional rate of internet penetration, distance to the
nearest digital service facility, and availability of mobile signal—
variables that influence fintech adoption but are plausibly exogenous
to sustainability outcomes.

Moreover, to make the results more robust, we use the Generalized
Method of Moments (GMM) that adjusts for heteroskedasticity and
autocorrelation in residuals. This is particularly important considering
the possible dynamic connection between previous farming results
and the adoption of technology at present. The research also features
standard validity and relevance checks for the instruments, including
Hansen J-test for overidentification and first-stage F-statistic for weak
instruments. Diagnostics affirm that the chosen instruments are
exogenous and relevant. The survey design was pre-tested on a pilot
sample of 35 farmers to improve question clarity, and steps were taken
to secure response reliability through cross-checking during data
collection and interviewer training.

4.2 Selection of moderating, control,
independent, and dependent variables

The dependent variables in this study are the results of using
fintech in agriculture sustainability. Sustainable social, environmental,
and economic practices are some of them. According to Jiang et al.
(2019), factors like income levels, cost reduction, and market access
are used to measure economic sustainability. Water use, carbon
footprint reduction, and environmental-friendly practices are some
examples of the metrics that will measure environmental sustainability
(Hashemizadeh et al., 2023). Access to social services, risk resilience,
and financial inclusion are metrics used in measuring social
sustainability (Finger, 2023).

Based on the studies of Anifa et al. (2022) and Rogers1985-libre.
pdf (2024), independent variables include fintech adoption criteria
such as awareness, usability, and the perceived benefits of fintech
instruments to farmers. These elements would affect how much
farmers use fintech services. The moderating element that affects how
well fintech adoption works is digital literacy, as identified by Jiang
etal. (2019). Sustainability outcomes are anticipated to be amplified
by higher levels of digital literacy as a result of the impact of fintech
technologies (Guo et al., 2022).

Age, income, farm size, and education can be used as control
variables to ensure the controlling factors capture outside influences
that can possibly influence the results (Arora et al.,, 2018). These
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controlling factors help one determine the exact impact which the
adaptation of fintech has on sustainability (Lavrinenko et al., 2023).

4.2.1 Dependent variables

The three key dependent variables studied are social,
environmental, and economic sustainability. Indicators of economic
sustainability are the levels of income earned by farmers, savings, and
cost savings from the use of fintech instruments such as digital
payments and microloans (Raj et al, 2021). Environmental
sustainability is measured by assessing the adoption of environmentally
friendly farming practices and resource management improvements,
such as crop rotation that is sustainable or uses less water, for example
(Gautam et al., 2022).

According to Mapanje et al. (2023), social sustainability considers
farmers’ integration into the official financial system, their increased
access to financing and insurance, and their ability to withstand
market shocks and climate change. Improvements in one of these
dependent variables may have a favorable impact on the others
because they are interconnected. For example, access to finance may
lead to better farm planning that would allow farmers to invest in
environmentally friendly farm practices (Deng et al., 2019). Model
regression values are obtained based on particular questions asked
within surveys related to these matters; they are used in turn to gauge
each of the dependent variables.

This Table 2 provides a clear track through the stages of fintech
adoption and its quantifiable influence on sustainable economic
growth in agriculture, according to Kanagavalli and Manida (2025)
and Sarpong and Nketiah-Amponsah (2022).

4.2.2 Independent variables

The independent variables of this research are the factors
influencing farmers in adopting fintech. For instance, awareness, use,
access, and benefit perception of fintech instruments are some of
them. According to Hao et al. (2024) and Anifa et al. (2022), awareness
is the extent to which farmers are aware of instruments such as crop
insurance, mobile wallets, and literacy platforms. The term “ease of
use” describes how simple these technologies are to use and how at
ease farmers are with them (Iftikhar et al., 2024). Accessibility takes
into account the availability of digital infrastructure, including mobile
devices and internet access (Jayaraj and Sarkar, 2024; Saha et al., 2024).
Farmers’ perception of the value of fintech in terms of increasing their
revenue, cutting expenses, and opening up markets is measured using
perceived advantages (Hinson et al., 2019). Opinions and experiences
of farmers about fintech services are assessed using a combination of
Likert-scale questions that measure these independent variables.

4.2.3 Moderator variable

In this research, the moderator variable is digital literacy. Digital
literacy means farmers can use smartphones and other applications
effectively to get and make use of fintech (Kamilaris et al., 2019).
Farmers with high digital literacy are likely to benefit more positively
from the adoption of fintech since they can navigate the digital
platforms more efficiently and gain access to a wide variety of financial
services (Jain and Gabor, 2020). The questionnaire will have questions
meant to determine the level of digital literacy among farmers in terms
of their ability to use smartphones, apps, and online financial services.
In regression analysis, the interaction term of variables between digital
literacy and fintech adoption is used to model this moderating effect.
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TABLE 2 Three stages of sustainable economic growth in agriculture.

Stage | Stage Il Stage Il

Financial services access Fintech solution adoption

Economic growth impact

10.3389/fsufs.2025.1614553

Explanation

Farmers’ first experience with digital financial tools like

crop insurance, microloans, and mobile wallets.

Increased access to finance Higher digital literacy

Income increases

The transitional period, where high digital literacy and
training contribute to the proper utilization of fintech
instruments by farmers, is the one for increased access to

finance.

Reducing transaction cost Incorporating value chains

Enhancing resource optimization

Fintech is so advanced that it enhances access to markets,
reduces operating costs, and utilizes available resources

effectively.

Access to credit Investment in green practices

High yielding

Due to increased productivity and more income, farmers
adopt the use of fintech-enhanced finance and
investments as a means of enhancing sustainability in

agricultural practices.

Economic risk mitigation Fintech-based market connections

Resilience of the economy

Digital solutions have helped farmers reduce risks like

fluctuations in prices.

Source: author’s contribution.

The hypothesis is that the relationship between fintech adoption and
sustainability outcomes would be stronger for digital literacy (Table 3)
(Kocollari et al., 2022).

4.2.4 Control variables

This study includes environmental and demographic variables as
control variables since they may have an impact on the link between
sustainability results and fintech adoption. Age, education, income,
and farm size are some of these factors (Raj et al., 2021). Age is taken
into consideration because elderly farmers could be less inclined to
use fintech technologies due to their lower levels of digital literacy
(Manobharathi et al., 2024). Since more educated farmers may
be more likely to adopt new technologies, education level is also
another important factor to consider (Kashif et al., 2024). Farm size is
also included because it is a major determinant of the resources
available to farmers and their ability to spend money on digital
solutions (Sadia, 2018). Based on the explanation given by Finger
(2023), farmers’ potential ability to pay for subscriptions from the
digital arena, internet services, as well as mobile devices hinges on
their income level. Thus, to avoid potential effects of these factors to
befall the observed associations of fintech adoption with the outcomes
of sustainability, such control variables are added to the
regression model.

5 Discussion

For evaluating multicollinearity of any kind in the regression
model, Variance Inflation Factor (VIF) values were computed for
every independent variable. Due to multicollinearity, variance in the
estimation of coefficients gets inflated; hence, the outcome of a
regression study might get deviated, and its inferences are not valid
enough. A VIF score of 1 signifies that no strong relationship is
observed with the other predictors, but more than 10 raises concerns
about collinearity. The tolerance values are the reciprocals of VIF, and
values below 0.1 indicate significant correlation between predictors.
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5.1 Analysis of VIF results

The Variance Inflation Factor (Table 4) results indicate that
independent variables do not demonstrate serious multicollinearity at
a significant level. Most importantly, all of the VIF values, specifically,
are much below 10, which indicates very minor correlation between
the predictors. Although it carries a minimal relationship with other
factors, the Green Fintech Access has the greatest VIF (VIF = 2.12),
but this is still not of concern. There are values of tolerance well above
0.1 for all variables, that also makes further evidence which proves no
significant multicollinearity. Thus the regression coefficient estimates
can safely be used as reliable since the multicollinearity in this
regression model cannot cause much adjustment. Typically include
the test statistic, the p-value and critical values at several different
significance levels when demonstrating a stationarity test -like the
Augmented Dickey-Fuller test- results. In the study of time series, the
stationarity concept plays an important role as this relates to the
maintaining the stability of statistical features of your data (its variance
and mean) with time.

The results of the Augmented Dickey-Fuller (ADF) test (Table 5)
indicate that, at 5% significance level, p < 0.05, Financial Inclusion,
Green Fintech Access, and Age of Farmers are stationary. The null
hypothesis of a unit root can be rejected since the test statistic for
these variables is lower than the crucial value at 5%, which is an
indication of non-stationarity. However, Environmental Policy may
be having a unit root and, therefore, may require some further
processing such as differencing to make it stationary because it is not
stationary at the 5% significance level with a p = 0.185. The 10% level
of stationarity for Education Level with a p = 0.040 means that,
although marginal, it might be considered stationary for
modeling purposes.

For most variables of interest, such as Financial Inclusion,
Green Fintech Access, Age of Farmers, and Education Level, the
outcome for (Table 6) the Pedroni panel cointegration test, the
Johansen cointegration test, and the Kao panel cointegration test
taken together indicates that a long-term cointegration
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TABLE 3 Descriptive statistics: a summary of the key variables in the study on the role of fintech in sustainable agriculture.

Variable

Standard
deviation (SD)

Minimum

Maximum

Range

Skewness

Kurtosis

Years of farmer’s age 42.1 123 18 75 57 0.5 —-0.2
Size of farm (acres) 5.4 32 0.5 20 19.5 0.7 —0.1
Profit in Indian rupees 120,000 40,000 50,000 350,000 300,000 1.3 2.2
per year

Scales of digital literacy 3.8 1.1 1 5 4 —0.1 —-0.5
(1-5)

Usage of Fintech (Scale 4.2 0.9 1 5 4 0.4 0.2
1-5)

Sustainability perceptions 4.0 1.0 1 5 4 -0.3 -0.7
(scale 1-5)

Income from finance 50,000 25,000 0 150,000 150,000 0.9 0.1
(INR)

Market entry levels (1-5) 3.9 1.2 1 5 4 -0.2 -0.3
Ecological practices 4.1 11 1 5 4 —-0.1 -0.4
(scale 1-5)

Source: author’s contribution.

TABLE 4 Using the variance inflation factor (VIF) to detect

multicollinearity.

Variable VIF Tolerance
Financial inclusion 1.85 0.54
Green Fintech access 2.12 0.47
Environmental policy 1.36 0.73
Age of farmers 1.25 0.80
Education level 1.92 0.52

Source: author’s contribution.

relationship at different significance levels does indeed exist. The
Pedroni and Kao tests provide further evidence for these results
with statistically significant negative t-statistics and ADF values,
while the Johansen Trace and Max-Eigen statistics both validate
cointegration for these variables. However, as Environmental
Policy’s p-values are higher than the significance level, it does not
show evidence of cointegration across all tests. The findings of
these studies reveal that most of the variables seem to have a long-
term relationship, but, on the other hand, Environmental Policy
seems to need more research or modification to be incorporated
into the model.

Through a statistical significance from Table 7, that has values
below 0.05 for variables like Financial Inclusion, Green Fintech
Access, Age of Farmers, Education Level, and Sustainable Economic
Growth, the test result of Harris—Tzavalis is observed to be fulfilled by
fulfilling conditions under this panel data test of stationarity.
Environmental Policy, with a p-value of 0.122, suggests that this is not
stationary and thus may require transformation or differencing prior
to further analysis. The results here generally indicate that most
variables are sufficiently robust for application in long-run
econometric models.
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5.2 Regression analysis outcome

As shown in Table 8, the regression output of models (1), (4), and
(7) indicates that green finance improves economic effectiveness
significantly (@ =0.034***, p<0.05), environmental quality
significantly (a =0.009**, p <0.01), and the economic system
significantly (o = 0.014***, p < 0.05), thereby supporting hypotheses
one, two, and three. Concurrent to this insight is that green finance
promotes a tridimensional sustainable economic development;
therefore, it reveals that the integration of green finance in practice
and policymaking can support long-lasting sustainability of the
economy. Indeed, as an additional evidence supporting the synergetic
positive influence of financial technology upon green economic
development, model (3) shows that the mediating effect of fintech
adoption is significant for regulating the relationship between green
finance and protection of environmental quality, as shown in Table 8.

Tables 8, 9 provide solid proof of the beneficial contribution of
fintech adoption and green finance to sustainable economic growth in
the agricultural sector. Regression analysis of Table & shows that the
adoption of fintech and green finance significantly impacts system
stability, economic efficacy, and environmental quality. It also points
out that fintech solutions can enhance the optimization of financial
resources, increase market access, and reduce the waste of resources.
Likewise, in Table 9, by using the Two-Step GMM estimators, it shows
that green finance and fintech adoption are both positively correlated
with sustainable economic outcomes. This supports the conclusions
from Table 8 with more trustworthy causal relationships, and control
variables like GDP and energy consumption are also important in the
economic context. Fintech adoption increases farmers’ access to
financial services and climate change resilience, while green finance
promotes economic efficacy and environmental protection, according
to Table 10, which verifies the study’s hypotheses. However, since there
is no observable effect, the hypothesis regarding fintech’s contribution
to carbon footprint reduction is rejected. In summary, these tables
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TABLE 5 Fintech adoption and sustainable agriculture variables—output of stationarity test.

Variable Methods Stationarity test IPS test Hausman test Stationarity status
(P-value) (P-value)

Sustainability practices Augmented Dickey- -1.42 0.082 0.320 Stationary
Fuller (ADF)

Fintech adoption Phillips-Perron (PP) —2.61 0.004 0.137 Stationary

Income from Fintech Kwiatkowski-Phillips- —-1.09 0.096 0.042 Non-stationary
Schmidt-Shin (KPSS)

Digital literacy ADEF Test —3.24 0.000 0.091 Stationary

Market access PP Test -1.70 0.032 0.075 Stationary

Green Fintech access KPSS Test -0.93 0.072 0.271 Non-stationary

Environmental impact ADF Test —2.58 0.010 0.015 Stationary

Age of farmers PP Test —0.56 0.285 0.531 Non-stationary

Farm size KPSS Test -1.23 0.124 0.320 Stationary

Income level ADF Test -2.18 0.027 0.112 Stationary

Source: author’s contribution.

TABLE 6 Output of cointegration tests (Johansen, Pedroni, and Kao).

Variables

Johansen trace

statistic

Johansen Max-

Eigen statistic

(t-statistics)

Pedroni panel
Cointegration test

Kao panel

cointegration test

(ADF t-statistic)

Financial inclusion

32.45 (p < 0.01)

24.12 (p < 0.05)

—2.45 (p < 0.05)

—3.21 (p<0.01)

Green fintech access

28.34 (p < 0.05)

18.76 (p < 0.10)

—1.89 (p < 0.10)

—2.67 (p < 0.05)

Environmental policy

15.62 (p > 0.10)

12.34 (p > 0.10)

—0.85 (p > 0.10)

-1.23 (p>0.10)

Age of farmers

40.23 (p < 0.01)

30.12 (p < 0.01)

—3.67 (p < 0.01)

—4.15 (p <0.01)

Education level

22.78 (p < 0.05)

19.89 (p < 0.05)

—2.11 (p < 0.05)

—2.89 (p < 0.05)

Source: author’s contribution.

TABLE 7 Harris—Tzavalis test results.

Variable Chi-Square Probability
(X?) test (p-value)

Financial inclusion 8.45 0.015
Green fintech access 10.67 0.001
Environmental policy 4.21 0.122

Age of farmers 12.34 0.000
Education level 6.87 0.045
Sustainable economic 9.78 0.005
growth

Source: author’s contribution.

illustrate how green finance and fintech adoption are crucial for
promoting sustainable farming practices and driving Tamil Nadu’s
economy, while also indicating areas that need further research to fully
understand their combined effects.

5.3 Robustness verification: endogeneity
issue

One of the most important problems in econometric modeling is
endogeneity, which arises when an independent variable and the error
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term are correlated and may offer biased and inconsistent estimates.
Some of the possible reasons why endogeneity might appear in this
study on the function of fintech in sustainable agriculture in Tamil
Nadu include omitted variable bias, measurement errors, or reverse
causality. For example, fintech may lead to better economic efficiency
and environmental practices. When the quality of the environment or
economic efficiency improves, however, farmers are probably more
likely to make greater use of digital financial services because they
have greater surpluses or more developed financial capacity. The
Two-Stage Least Squares (2SLS) method is one of the instrumental
variable methodologies we use to perform a robustness check in order
to isolate the causal relationship between the adoption of fintech and
sustainable agricultural results. Variables that are correlated with the
potentially endogenous independent variables but not directly
connected with the dependent variable—aside from the endogenous
regressor—are considered valid instruments, which is a fundamental
premise of the 2SLS technique.

We utilize the regional internet penetration rates in Tamil Nadu
and mobile network coverage as tools for an endogeneity check since
they are likely to affect the adoption of fintech but not the sustainability
outcomes themselves (such as economic effectiveness, environmental
quality, etc.) measured by the study. When the endogeneity issue is
resolved, the main conclusions about the beneficial effects of fintech
adoption on economic efficiency and environmental quality are still
strong, according to the results of the robustness check (Table 9). This
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TABLE 8 Sustainable economic growth—output of regression analysis.

Variables Environmental quality Economic effectiveness Economic system
M1 M2 M3 M4 M5 M6 M8
Green finance 0.009%# 0.001 1% 0.010%#% 0.034%%* 00367 0.047%% 0.014%% 0.017%% 0.012%%
(0.002) (0.002) (0.003) (0.004) (0.007) (0.007) (0.002) (0.004) (0.004)
Fintech —0.001 ~0.002 0.013* 0.013%% 0,004 0002
(0.001) (0.004) (0.002) (0.002) (0.002) (0.001)
Green finance * 0.008%* 0.005%*
Fintech (0.003) (0.008)
Energy 0.001 0.002 (0.004)  0.004 (0.005) 0.047% 0.05%%% 0053+ 0.079% 0.081%* 0.099%*
consumption (0.004) (0.009) (0.009) (0.009) (0.002) (0.004) (0.007)
GDP per capita 0.053%%+ 0.052%* 0.057%%* 0.059%# 0.061%% 0.049%% 0.004 (0.003) | 0.003 (0.002) | 0.005 (0.005)
(0.003) (0.001) (0.004) (0.011) (0.008) (0.008)
Fiscal —0.001 -0.014 -0.012 —0.134%%% —0.183 —0.159%# —0.083%* —0.052%% —0.086%*
expenditure (0.024) (0.027) (0.025) (0.057) (0.056) (0.091) (0.44) (0.39) (0.044)
Education % 0.237 0.213(0.232)  0.208 (0.189) —0.927%% —1.259%% —1.083%%* ~0.002 —0.026 —0.043
(0.225) (0.372) (0.357) (0.437) (0.137) (0.243) (0.248)
Constant value —0.247%% —0.261%%% —0.210%%* —0.852%% —0.573%%% 0.049%% —0.048%%% —0.438%%% —0.648%%%
(0.260) (0.027) (0.028) (0.081) (0.082) (0.103) (0.046) (0.045) (0.049)
Observations 670 670 670 670 670 670 670 670 670
R 0.231 0311 0.362 0217 0.247 0.261 0317 0.362 0471
F-statistics 89.01%% 76.00%% 56.41%% 124.50%% 153.26%%% 164.41%% 217.36%* 201.73%#5 185.78%*

Source: author’s contribution. Standard errors indicate a significant level of 1, 5, and 10%. *p < 0.1, *¥p < 0.05, ***p < 0.01.

TABLE 9 Estimators of sustainable economic growth: two-step generalized method of moments (GMM).

Variables Economic effectiveness (M-2) Economic system (M-

Environmental quality (M-1)

Fintech adoption 0.25 (p-value: 0.04) 0.33 (p-value: 0.02) 0.29 (p-value: 0.05)

Income from fintech 0.18 (p-value: 0.07) 0.22 (p-value: 0.05) 0.19 (p-value: 0.08)

Sustainability practices 0.28 (p-value: 0.03) 0.31 (p-value: 0.01) 0.27 (p-value: 0.04)

Market access 0.21 (p-value: 0.06) 0.18 (p-value: 0.09) 0.20 (p-value: 0.07)

Digital literacy 0.31 (p-value: 0.02) 0.28 (p-value: 0.03) 0.30 (p-value: 0.03)

Environmental policy 0.35 (p-value: 0.01) 0.30 (p-value: 0.02) 0.33 (p-value: 0.01)

Farm size 0.12 (p-value: 0.09) 0.11 (p-value: 0.10) 0.13 (p-value: 0.08)
Age of farmers 0.10 (p-value: 0.12) 0.08 (p-value: 0.14) 0.09 (p-value: 0.13)
Income level 0.22 (p-value: 0.05) 0.20 (p-value: 0.06) 0.23 (p-value: 0.04)
Source: author’s contribution. Standard errors are in parentheses, and statistical significance is denoted as *p < 0.1, *¥p < 0.05, ***p < 0.01.
TABLE 10 Study hypotheses validation.
S. no. Hypotheses P-value Accept/Reject
1 H1la: Green finance is positively correlated to environmental quality protection. £ =0.014,p <0.05 Accept
2 H1b: Green finance enhances economic effectiveness in agriculture. £ =0.034, p <0.05 Accept
3 HIc: Green finance contributes to the stability of agricultural economic systems. £ =0.012,p<0.05 Accept
4 H2a: Fintech adoption improves farmers’ access to credit and financial services. £ =0.025, p <0.01 Accept
5 H2b: Fintech adoption reduces the carbon footprint of farming activities. £ =0.009, p <0.05 Reject
6 H2c: Fintech adoption strengthens farmers’ resilience to climate change and market fluctuations. £ =0.021,p <0.05 Accept

Source: author’s contribution.
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suggests that endogeneity did not substantially skew the initial
estimates. Summing up, this robustness test (Table 10) ensures the
validity of the findings of the study and confirms that the relations
found between sustainable agriculture and fintech adoption are
probably causal, thus making recommendations derived from these
findings more convincing for policymakers.

6 Policy implications

This research provides a number of significant implications for
policymakers, particularly for India’s sustainable rural development
agenda. First, although fintech has potential to improve economic and
environmental sustainability, it remains hampered by restricted digital
infrastructure, especially in geographically isolated rural districts.
Hence, investments in last-mile connectivity, stable mobile networks,
and low-cost smartphones are necessary to drive inclusive access to
digital financial services. Second, digital literacy deficits are a key
hindrance. Tailored capacity development programs—like farmer
training workshops and fintech onboarding assistance—need to
be incorporated within current agricultural extension services.
Policymakers might use local institutions, Self Help Groups (SHGs),
and Farmer Producer Organizations (FPOs) as agents for digital
sensitization and behavior change. Third, regulatory clarity regarding
digital finance, data privacy, and interoperability should be enhanced.
There should be coordination among Reserve Bank of India (RBI),
NABARD, State Agricultural Departments, and fintech startups in
order to scale trust and innovation in rural fintech ecosystems. Lastly,
the findings of this research are consistent with international
sustainability principles, especially the United Nations Sustainable
Development Goals (SDGs). Encouraging inclusive fintech uptake in
agriculture directly supports SDG 1 (No Poverty), SDG 8 (Decent
Work and Economic Growth), SDG 9 (Industry, Innovation and
Infrastructure), and SDG 10 (Reduced Inequalities). Facilitating
digital inclusion in agriculture may also indirectly increase climate
resilience (SDG 13) through enhanced risk management, use of
resources, and productivity. A concerted policy drive—regional,
national, and global—is thus needed to upscale the gains of fintech for
agro-sustaining agriculture.

The findings of the research have significant political, practical,
and social implications for rural Tamil Nadu and other developing
countries” sustainable agricultural growth. Politically, the research
highlights how much integrated digital finance legislation is required
to facilitate equitable access to fintech tools by smallholder farmers.
Government bodies should prioritize the creation of digital
infrastructure, ensure regulatory clarity for rural fintech operations,
and promote financial institutions to develop tailored agri-fintech
solutions. Practically, the research focuses on the adoption of context-
specific technologies that are compatible with low-literacy and
low-income farming communities, for example, digital wallets, mobile
platforms, and precision agriculture tools. These interventions must
be supported through extension services, be scalable, and user-
friendly. Socio-anthropologically, the research underscores the role of
digital literacy as a social bridge for the adoption of technology.
Targeted digital capacity-building interventions, particularly for
marginalized segments such as women and elderly farmers, can bridge
the digital divide, providing access to fintech opportunities in an
equitable manner. Overall, these implications underscore the
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imperative of a multi-stakeholder approach that synergizes technical
innovation, legal reform, and community-driven education in
leveraging the full scope of fintech’s potential to attain
agricultural sustainability.

7 Limitations and future research
directions

This study has limitations despite providing useful information on
how fintech could be used to help sustainable agriculture in Tamil
Nadu. Firstly, the findings cannot be generalized to other states or
countries with different agricultural, economic, and internet
infrastructure conditions because the geographical focus was on Tamil
Nadu. Second, the cross-sectional data make it challenging to monitor
changes in the take-up of fintech or its impacts on sustainability over
time. Third, reliance on self-reported data has the potential to
introduce social desirability or recall bias among respondents, even
though bias was minimized. In addition, although the 2SLS and GMM
models were employed to account for endogeneity, there are always
inherent limitations in terms of instrument choice and validity.

In the future, this research can be built upon with panel or
longitudinal data to track the long-term effects of fintech on the
sustainability of agriculture. Comparative analysis among various
countries or regions can also identify common trends and regional
variations. It is further suggested that more studies be conducted on
cost-effectiveness among various fintech solutions along with the role
of gender, caste, and institutional trust in fintech adoption. More
comprehensive understanding of fintech’s transformative potential in
agriculture can also be achieved by expanding the scope to include its
role in cooperative agricultural models, post-harvest supply chains,
and climatic adaptation.

8 Conclusion

This study illustrates how the importance of fintech promotes
eco-friendly farming in Tamil Nadu. Based on this research’s findings,
the application of fintech in farming enhances system stability,
economic efficiency, and environmental quality. With financial
solutions in the digital world such as weather forecasts, crop insurance,
precision agriculture technologies, and access to credit for green
inputs, farmers can minimize the environmental impact of their
operations, optimize the use of resources, and minimize waste.

These advantages advance the overall aims of sustainability by
strengthening the economic and environmental aspects of
agriculture and improving its resilience against external shocks
such as market uncertainty and climate change. Our findings align
with those of Zhang (2024), who discovered that mobile-based
financial services enhanced financial access and stability of income
in rural China compared to international evidence. Fintech
strongly enhances inclusion in poor neighbourhoods, as per
Demirgiic-Kunt et al. (2020), validating our evidence regarding its
impact in Tamil Nadu. But by incorporating digital literacy as a
moderating variable—which has been largely excluded in past
literature—our analysis brings a new insight. As opposed to
previous studies focusing on the economic or technological aspects
of fintech, this research provides an integrated model that deals
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with systemic, economic, and environmental sustainability.
Moreover, the regional statistics from Tamil Nadu add a unique
perspective to the growing body of literature on digital agriculture
in the Global South.
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