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Abstract

Information and Communication Technologies (ICTs) have significantly transformed the agricultural landscape in India, fostering a
transition toward data- and knowledge-driven, market-oriented agricultural systems. This research study reviews literature from 2011 to
2025, presenting a review of ICT-driven agricultural development, with special emphasis on its contribution to enhancing farm-level
decision-making. This study uses secondary data and synthesizes 17 major research articles to evaluate major digital interventions, including
mobile-based agro-advisory services, electronic marketplaces, precision farming technologies, remote sensing applications, and digital
extension platforms. The results highlight that ICTs play a pivotal role in reducing information asymmetry by enabling timely access to
weather forecasts, input management practices, pest and disease alerts, and real-time market price information. This improved information
flow enhances farmers’ decision-making capacity, leading to more efficient resource allocation, increased productivity, cost rationalization,
and improved income stability. Additionally, digital platforms have strengthened market linkages and facilitated enhanced transparency in
agricultural transactions. However, the impact of ICT adoption remains uneven across regions and socio-economic groups. Major constraints
include inadequate digital infrastructure, limited internet adoption in rural areas, low levels of digital literacy, and institutional
fragmentation, all of which hinder the widespread and equitable diffusion of digital technologies in the agricultural sector. This research
underscores the need for a comprehensive policy framework that promotes inclusive digitalization through targeted investments in rural
connectivity, capacity-building initiatives, and strengthened public-private partnerships. By synthesizing existing evidence, this paper
contributes to the growing discourse on digital agriculture and provides implementable policy recommendations to enhance the scalability,
inclusiveness, and sustainability of ICT-driven agricultural development in India.

Keywords: Digital agriculture, farm decision-making, India, information and communication technologies in agriculture, precision farming,
smart farming

Introduction technologies enhance resource utilization efficiency,

The agriculture sector remains a fundamental pillar of the
Indian economy, strengthening a large share of the
population and ensuring food and livelihood security.
However, the sector is increasingly challenged by climate
variability, reduced resource efficiency, land fragmentation,
and information asymmetries. Against this backdrop, the
rapid advancement of ICTs, i.e, Information and
Communication Technologies, has emerged as a
transformative pathway to modernize the agriculture sector
and enhance decision-making capabilities at the farm level.
The recent literature highlights that digital innovation is
transforming rural agricultural economies by enabling
access to timely, accurate information, thereby improving
agricultural productivity and resilience (Sindakis &
Showkat, 2024) 4],

Digital agriculture, encompassing technologies such as
mobile-based advisory services, precision farming
techniques, remote sensing, artificial intelligence (Al), and
the Internet of Things (loT), is facilitating a transition from
traditional, input-intensive farming to a data-driven,
knowledge-based agriculture system. These innovative
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improve crop monitoring, and support real-time decision-
making (Shamshiri et al., 2024) 2. Furthermore, emerging
evidence from recent studies suggests that adopting
advanced technologies such as Al, loT, and machine
learning enables farmers to make informed decisions,
reduce input costs, and improve long-term sustainability
outcomes (Kumar et al., 2024) B,

In India, ICT-driven interventions have substantially
strengthened agricultural extension services and market
integration. Mobile-based advisory systems and digital
platforms provide farmers with real-time information on
weather, crop management, pest control, and market prices,
thus reducing information gaps and associated transaction
costs. Empirical findings indicate that ICT-based initiatives
can lead to measurable improvements in farm productivity
and profitability. Empirical evidence, for instance, indicates
that the use of ICT-enabled advisory tools yields
productivity gains of approximately 8-10% among the
farming community (Chakraborty & Kumar, 2025) I,
Furthermore, ICT uptake in the agricultural sector has been
enhanced through various government schemes, including

206


https://www.extensionjournal.com/
https://www.extensionjournal.com/
https://www.doi.org/10.33545/26180723.2026.v9.i5c.3576

International Journal of Agriculture Extension and Social Development

digital agriculture and data-based platforms. Such schemes
aim to connect farmers with market, finance, and advisory
services within a digital ecosystem. However, despite these
advancements, the diffusion and impact of ICTs remain
uneven. Structural challenges, including inadequate rural
connectivity, low digital literacy, and institutional
fragmentation, continue to limit the scalability and
inclusiveness of digital agriculture (Raj & Prahadeeswaran,
2025) Bl Additionally, disparities in access to technology
and socio-economic constraints widen the digital divide
among farmers, specifically smallholders.

Despite the proliferation of research on ICT applications in
the agriculture sector, existing studies remain fragmented
and largely technology-specific, with limited emphasis on
the integrated role of digital interventions in shaping farm-
level decision-making within the Indian context. Moreover,
insufficient attention has been paid to the interactions
among technological adoption, socio-economic
heterogeneity, and institutional frameworks, thereby
limiting the development of a comprehensive understanding
of ICT-driven agricultural transformation. In this context,
the present study aims to systematically synthesize existing
evidence on ICT-driven agricultural development in India,
evaluate the role of digital technologies in enhancing farm-
level decision-making, assess their impact on productivity,
income, and market integration, and identify key constraints
affecting their adoption. The study further seeks to provide
policy-relevant insights to strengthen the inclusiveness,
scalability, and sustainability of digital agriculture
initiatives.

Review of Literature

Conceptual Framework of ICTs in the Agriculture
Sector

Information and Communication Technologies in the
agriculture sector have evolved significantly over the past
two decades, shifting from basic information dissemination
to advanced data-driven decision-support systems. Early
work by Aker (2011) ® established that ICTs reduce
information asymmetry and enhance access to agricultural
extension services in developing countries. Building on this,
the concept of digital agriculture, often referred to as
Agriculture 4.0, integrates technologies such as artificial
intelligence and the Internet of Things into farming systems
(Klerkx et al., 2019; Wolfert et al., 2017) "8l These
technologies enable real-time monitoring and precision-
based decision-making, as a result, improving farm
efficiency and sustainability. However, the effectiveness of
ICTs depends on complementary factors such as
institutional support, infrastructure, and user capabilities
(Birner et al., 2021) P,

ICT Adoption in the Indian Agriculture Sector

In India, ICT adoption has accelerated due to increased
mobile adoption, improved internet connectivity, and
supportive policy initiatives. Empirical research studies
indicate that mobile-based advisory services significantly
enhance farmers’ access to timely, location-specific
information on weather, crop practices, and market prices
(Mittal & Mehar, 2016) 9. Similarly, Rao (2020) [
highlights the role of ICTs in strengthening agricultural
extension systems and improving knowledge dissemination.
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Government-led digital initiatives have further enhanced
market transparency and efficiency by facilitating better
price discovery and reducing transaction costs.

Despite these advancements, adoption remains asymmetric
across regions and farmer categories. Structural constraints
such as limited access to digital infrastructure, low literacy
levels, and financial barriers inequitably affect smallholder
farmers (Food and Agriculture Organization of the United
Nations, 2019) [, These disparities underscore the need for
inclusive digital strategies tailored to diverse socio-
economic contexts.

Digital Technologies and Farm-Level Decision-Making
A substantial body of literature emphasizes the role of ICTs
in improving farm-level decision-making. Digital advisory
platforms provide real-time recommendations on crop
selection, input application, pest control, and irrigation
management, enabling farmers to make informed decisions
amid uncertainty (Fabregas et al., 2019) [ Precision
agriculture technologies further enhance decision-making by
using sensor-based data and satellite imagery to optimize
resource utilization (Wolfert et al., 2017) [€],

Access to reliable market information through digital
platforms also strengthens farmers’ bargaining power and
supports better marketing decisions (Baumdiller, 2018) 4,
However, the effectiveness of these tools relies on farmers’
ability to interpret and utilize digital information, which is
influenced by education, digital literacy, and institutional
support (Steinke et al., 2021) 3],

ICTs" Impact on Productivity, Income, and Market
Integration

Empirical evidence consistently shows a positive
relationship between ICT adoption and agricultural
performance. ICT-enabled advisory services have been
associated with improved crop yields, enhanced input-use
efficiency, and increased farm profitability (Fabregas et al.,
2019) [31 Additionally, digital platforms contribute to
market integration by connecting farmers directly with
buyers, thereby reducing intermediaries and improving price
realization.

Various studies indicate that ICTs enhance transparency and
efficiency across agricultural value chains, resulting in
improved economic outcomes (Klerkx et al., 2019; Wolfert
et al., 2017) "8l Moreover, ICTs enable farmers to respond
more effectively to market signals and climatic risks,
thereby stabilizing incomes. However, these benefits are not
uniformly distributed, reflecting disparities in access to
technology and institutional support.

ICT’s Adoption in the Agriculture System: Challenges
and Constraints

Despite ICTs' potential to transform the agriculture sector, it
faces various barriers to adoption. One of the most
significant challenges is the digital divide, which limits
smallholder farmers' access to technology, data, and
infrastructure (Mehrabi et al., 2021) [l Additionally,
affordability issues, a lack of technical skills, and
inadequate awareness hinder the effective use of ICT tools
(Mittal & Mehar, 2016) [0,

Institutional challenges, including fragmented policies and a
lack of coordination among stakeholders, further restrict the
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scalability of digital agriculture initiatives (Birner et al.,
2021) 1. Moreover, concerns related to data governance,
interoperability, and trust in digital platforms have emerged
as critical issues in recent literature (Rotz et al., 2019) "],
These constraints highlight the need for comprehensive and
inclusive policy frameworks to support ICT adoption.

Synthesis of Literature and Research Positioning

The reviewed literature indicates that ICTs have substantial
potential for transforming traditional agriculture into a
technology-driven sector by enhancing decision-making,
productivity, and market integration. However, existing
research remains fragmented and lacks an integrated
perspective that combines technological, economic, and
institutional dimensions. Moreover, limited attention has
been given to the cumulative impact of ICTs on farm-level
decision-making within the Indian context. By addressing
these gaps, this present research study contributes to the
literature through a systematic and integrative synthesis of
ICT-driven agricultural development, focusing on decision-
making processes, impact pathways, and policy
implications.

Materials and Methods

The present study adopts a narrative review approach,
enabling a comprehensive and integrative synthesis of
interdisciplinary literature spanning agricultural economics,
digital innovation, technology adoption, and policy
frameworks, particularly where the existing evidence is
diverse and methodologically heterogeneous. It assesses the
role of Information and Communication Technologies
(ICTs) in agricultural development, with a special emphasis
on farm-level decision-making in the Indian context. The
study is based on an extensive review of peer-reviewed
journal articles and authoritative institutional reports from
reputable international organizations, with particular
emphasis on digital agriculture, ICT adoption, and
agricultural transformation. The literature was identified
through major academic databases, including Scopus and
Web of Science (WoS), and through complementary
searches in Google Scholar to ensure broader coverage of
relevant and authentic studies. Various policy documents
and reports from organizations like the Food and
Agriculture Organization (FAO) and the Government of
India were also included to capture institutional and policy-
level developments in digital agriculture. The review
included empirical, theoretical, and review-based studies
focusing on ICTs, digital agriculture, and smart farming,
specifically those addressing adoption, impacts, challenges,
and policy dimensions. The study focuses primarily on
literature published from 2011 to 2025, a period marked by
the rapid expansion of mobile technologies, digital
platforms, and policy-led digitalization in the agricultural
sector. The retrieved literature was systematically screened
to ensure relevance to ICT-driven agricultural
transformation, methodological robustness, as well as
substantive contribution to major themes including
technology adoption, farm-level impacts, institutional
dynamics, and policy implications. The previous studies
were included only if they specifically addressed ICT-
enabled transitions in agricultural productivity, market
access, income enhancement, risk management, or farm-
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level decision-making. The analysis facilitated a coherent
synthesis of findings across different strands of the literature
and helped develop a structured understanding of ICTs'
impacts in the agriculture sector. Although the narrative
review approach allows for flexibility and broad conceptual
synthesis, it is subject to limitations, such as probable
selection bias and the absence of quantitative meta-analysis,
limiting the generalizability of findings.

Results and Discussion

ICTs and Transformation of Farm-Level Decision-
Making

The review indicates that ICTs have fundamentally
transformed agricultural decision-making by enabling
timely access to information, thereby reducing uncertainty
and improving managerial efficiency at the farm level. Early
foundational work established that ICTs significantly reduce
information asymmetry in agricultural extension systems,
particularly in developing economies (Aker, 2011) [l
Building on this, digital advisory systems, mobile-based
platforms, and data-driven tools now support farmers in
making informed decisions related to crop planning, input
application, and risk management.

Recent literature emphasizes that digital agriculture
integrates advanced technologies such as artificial
intelligence (Al), Internet of Things (IoT), big data analytics
to aid real-time decision-making (Wolfert et al., 2017,
Klerkx et al., 2019) B 71, These technologies enable farmers
to shift from experience-based to evidence-based decision-
making. However, the effectiveness of such tools depends
heavily on digital literacy, accessibility, and trust in
technology, which remain uneven across farming
communities (Steinke et al., 2021) [51,

ICT-driven Improvement in Agricultural Productivity
The synthesis of literature reveals a consistent positive
association between ICT adoption and agricultural
productivity outcomes. ICT-enabled advisory services
improve resource-use efficiency by optimizing input
application, irrigation scheduling, as well as pest control
strategies (Fabregas et al., 2019) ¥, These improvements
translate into higher yields and reduced production costs,
specifically in smallholder farming systems.

Moreover, precision agriculture technologies that leverage
sensor data, satellite imagery, and predictive models
improve the monitoring and management of agricultural
processes (Wolfert et al., 2017) . Evidence also suggests
that ICT interventions enhance resilience by enabling
farmers to respond more effectively to climate variability
and market fluctuations (Klerkx et al., 2019) ["l. However,
the magnitude of productivity gains varies significantly
depending on institutional support, farm size, and socio-
economic conditions, indicating heterogeneous impacts
across regions.

ICT Integration in Agricultural Marketing

A major contribution of ICTs lies in improving agricultural
market efficiency and integration. Digital platforms reduce
dependence on intermediaries by directly connecting
farmers with buyers, thereby improving price transparency
and enhancing bargaining power. Baumiller (2018) 4
highlights that mobile-based information  systems
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significantly improve farmers’ access to price information,
which strengthens their market participation decisions.
Similarly, ICT-based market platforms reduce transaction
costs and improve price discovery, thereby increasing
market efficiency (Mittal & Mehar, 2016) [0, Despite these
advantages, structural inefficiencies in rural markets and
limited digital infrastructure continue to restrict full-scale
market integration, especially for small and marginal
farmers.

Institutional Governance and the Agricultural Policy
Framework

The effectiveness of ICT-driven agricultural transformation
is strongly influenced by institutional and policy
frameworks. Government-led digital initiatives have played
a pivotal role in promoting ICT adoption by strengthening
extension systems and facilitating access to agricultural
services. In India, policy efforts toward digital agriculture
aim to integrate farmers into unified digital ecosystems that

connect markets, advisory services, and financial
institutions.
However, the literature indicates that institutional

fragmentation and weak stakeholder coordination limit the
scalability of ICT interventions (Birner et al., 2021) ©l.
Successful digital transformation requires convergence
among public policy, private-sector innovation, and local
institutional capacity. Without such integration, the benefits
of ICTs remain unevenly distributed across regions and
farming groups.

Challenges to ICT Adoption and the Digital Divide in
the Agriculture Sector

Despite strong potential, ICT adoption in agriculture is
constrained by several structural and socio-economic
barriers. The most critical challenge is the digital divide,
which reflects unequal access to infrastructure, connectivity,
and digital literacy among rural populations (Mehrabi et al.,
2021) [8 Smallholder farmers are disproportionately
affected due to affordability constraints and limited
exposure to digital tools.

Additionally, issues related to trust, usability, and localized
content significantly influence adoption behavior. Rotz et al.
(2019) [O7 emphasize that technological change in
agriculture is not purely technical but deeply embedded in
social and labor structures, which can either enable or
hinder adoption. These findings highlight the importance of
designing inclusive, farmer-centric, and context-specific
digital solutions.

Holistic Synthesis of Key Findings

Overall, the review demonstrates that ICTs play a
transformative role in enhancing agricultural decision-
making, productivity, and market integration. However, the
benefits of digital agriculture are uneven due to disparities
in infrastructure, human capital, and institutional capacity.
The findings suggest that ICTs should be understood as part
of a broader socio-technical system rather than standalone
technological tools.

The synthesis further indicates that successful digital
transformation in agriculture requires simultaneous
improvements in connectivity, digital literacy, institutional
coordination, and farmer-centric innovation systems.
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Without addressing these constraints, the potential of ICTs
to transform agriculture in developing economies such as
India will remain partially unrealized.

Policy Framework and Strategic Recommendations

The findings of this research highlight that ICTs play a
pivotal role in enhancing agricultural decision-making,
productivity, and market integration in India; however, their
impact is constrained by infrastructural, institutional, and
socio-economic barriers. To maximize the potential of
digital agriculture, a multi-dimensional and inclusive policy
framework is required. First, strengthening digital public
infrastructure in rural areas is essential. Despite rapid
improvements in connectivity, significant disparities persist
in internet access and digital service delivery across regions.
Targeted investments in broadband expansion, mobile
network coverage, and affordable digital access are critical
to bridging the rural-urban digital divide. Strengthening
such infrastructure aligns with broader national digital
transformation initiatives and is fundamental for scaling the
ICT-based agricultural service system. Second, the
successful implementation of initiatives such as the Digital
Agriculture Mission and platforms like e-NAM (National
Agriculture Market) and integrated farmer databases under
AgriStack requires improved interoperability and data
integration. A unified digital ecosystem that connects
farmers, markets, financial institutions, and extension
systems can significantly enhance efficiency and reduce
fragmentation in service delivery. Third, enhancing digital
literacy and capacity building among farmers is crucial for
effective ICT adoption. Training programs focused on
mobile applications, advisory platforms, and digital
marketplaces should be integrated into agricultural
extension systems. Special emphasis must be given to small
and marginal farmers, who are disproportionately affected
by the digital divide. Additionally, strengthening public—
private partnerships (PPPs) can accelerate innovation and
improve grassroots-level delivery of digital services.
Collaboration among government agencies, Agritech start-
ups, and telecom providers can foster scalable, context-
specific digital solutions tailored to regional agricultural
requirements. Finally, there is a need for inclusive policy
design that addresses socio-economic heterogeneity among
the farming community. ICT interventions should be
localized, language-friendly, and culturally appropriate to
ensure equitable access and adoption. Without addressing
structural inequalities, the benefits of digital agriculture may
remain concentrated among better-resourced farmers.
Overall, policy efforts should move beyond technology
deployment toward building an integrated, inclusive, and
farmer-centric digital agriculture ecosystem that ensures
long-term sustainability and resilience of the agricultural
sector in India.

Conclusion

This research study provided a comprehensive narrative
review of ICT-driven agricultural transformation in India,
with a specific focus on its role in enhancing farm-level
decision-making. The synthesis of the existing literature
indicates that ICTs have emerged as critical enablers of
agricultural modernization by improving access to timely
information, strengthening advisory systems, and facilitating
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data-driven decision-making. Technologies such as mobile-
based advisory platforms, digital marketplaces, and
precision  agriculture  tools  collectively  improve
productivity, enhance resource allocation, and strengthen
market integration. However, the review also highlights that
the benefits of ICT adoption are unevenly distributed across
regions and farmer categories. Structural constraints,
including inadequate digital infrastructure, limited digital

literacy, socio-economic disparities, and fragmented
institutional frameworks, continue to restrict the full
realization of digital agriculture’s potential. These

challenges underscore the need to view ICTs not merely as
technological interventions but as components of a broader
socio-technical system influenced by policy, governance,
and human capacity. The study contributes to the existing
literature by integrating fragmented evidence on ICT
applications in agriculture and providing a consolidated
understanding of their impact on decision-making,
productivity, and market participation in the Indian context.
It also emphasizes the importance of aligning technological
innovation with inclusive policy frameworks to ensure
equitable access and adoption. From a policy perspective,
the findings reinforce the need to strengthen digital public
infrastructure, enhance farmer-centric capacity building, and
promote coordinated institutional frameworks to support
sustainable digital transformation in agriculture. Future
research should focus on empirically validating ICT impacts
across different agro-ecological zones and on exploring the
long-term socio-economic implications of digital agriculture
adoption. Overall, ICT-driven transformation holds
significant potential to transform Indian agriculture into a
more efficient, resilient, and knowledge-based system,
provided that existing structural and institutional barriers are
effectively addressed.
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