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ABSTRACT

Agricultural Systems are changing rapidly for various latest methods of cultivation including agricultural
inputs, securing irrigation resources, and obtaining pesticides and fertilizers to increase crop production.
And for all the activities Agricultural Informatics play a leading role and also for overcome of the existing
techniques and technologies adopted in Agricultural Information Systems. Different countries adopted
different policies in regard to Agriculture and Information Technology, and all these are meant for the
development and growth of the Agricultural Systems and overall situation of agro. Agricultural Informatics
is a combination of Agriculture Science and Information Science or Information Technology. For advancing
society agriculture play a vital role, in general development of agriculture considered as development of
economy and territory. Agricultural Informatics is entirely technology-driven, incorporating fundamental
computing technologies and encompassing all aspects of information technologies. Today different
countries have emphasized about the agricultural systems using ICT and Computing and as a result different
improvement in pre-agriculture and post-agriculture considered as impactful. India is a developing country
and in addition to various developments agro related development also noticeable. This work is showcase
of Digital Agricultural Systems development in general and also in Indian context. Work highlighted the
issues, concerns and challenges of Agricultural Information Technology in developing countries.
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Agricultural Informatics is dedicated in developing the agricultural practices with the help of various
technologies related to the Computing, and Information and Communication Technology (ICT).
Agricultural activities including pre-agriculture and post-agriculture are both possible using fundamental
computation and information management and in this regard different allied sub-fields of IT are impactful
and required such as Software Technologies, Network Technologies, Multimedia Technologies, Web
Technologies, Database Technologies, and more!''7l, Different sub-fields as mentioned bellow are
impactful in Agro Informatics jobs such as—

O Big Data Management and Data Analytics,
Cloud Computing and Virtualization,
Statistical Management and Applications,
Internet of Things (IoT), and Fog Computing,
Block Chain Technologies,

Usability Engineering,

Edge Computing,

a
a
a
a
a
a
O User Experience Designing,
a

Human-Computer Interaction,

O Multimedia Systems, and more.

Therefore various new and cutting-edge technologies are dedicated in agricultural solutions and
development including improvement of existing agro products using technological support?-3:381, Further
managing certain issues and challenges are effectively possible with sub-fields of Information Technology.

Agricultural Informatics is a combination of ‘Informatics’ and allied branches like IT/ Computing/ ICT
and its applications and advances of Agricultural and allied Systems. Latest emerging technologies are
required in developing and advancing healthy agricultural practices. Worldwide different countries have
introduced policies and guidelines for ICT in agricultural systems and in India too several initiatives and
projects have undertaken. ICT applications in developing rural area including socio-economic status are
improvement also possible with initiation of Agriculture Informatics™*°*71, Indian most population reside
in rural areas and they are highly depends and lies on Agriculture as a profession, and there apart from
traditional agriculture in advancing ICT based agriculture also Agricultural Informatics play a leading
role. In enhancing agricultural systems and forest management also partially Agricultural Informatics
play a leading and impactful role. It is reveals that various cost reduction in connection with the farmers,
traders, marketing are positively possible using Agro ICT and therefore for the development of rural
communities also this technology is impactful.

The National Policy on Farmers underscores the integration of Information and Communication
Technology, implemented by Indian Government is dedicated in furnishing farmers directly and indirectly
with data and information related support in generate, process, store, retrieve, and exchange, and all these
are effective and required in enhancing operational efficiency in various agro related sectors®-26}(42],
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Objective of the Work

The work entitled ‘Smart and Digital Agricultural Systems in the Context of Developing Countries-7he
Root for Digital Society’is a theoretical in nature and dedicated in finding basic aspects related to the
following (but not limited to) —

O To know about the basics of Smart Agriculture, Digital Agriculture in the context of Agricultural
Information Technology or Agro Informatics.

O To gather about the existing work related to the Agricultural Information Systems in general, and
also in Indian context.

O To find-out the basic advantages, implications and role of Agricultural Informatics in general for
developing a smart agriculture and digitalization of Agricultural Systems.

O To learn about the Issues and Challenges in regard to Agricultural Information Systems for
advancing society and development.

Methods

The work entitled ‘Smart and Digital Agricultural Systems in the Context of Developing Countries-7he
Root for Digital Society’is secondary in nature and depends on various existing sources and literature.
Various primary sources and secondary sources have consulted, studied and analyzed for the work. In
addition to scientific literature some of the news paper articles; in general and in Indian context have
analyzed. Further various other sources such as websites of various smart agricultural systems providing
organizations also consulted for conducting this work.

Existing Works

The integration of smart and digital technologies in agriculture has gained significant attention globally,
especially in the context of emerging economies like India, where agriculture plays a pivotal role in the
economy and livelihoods of millions. This review aims to explore the existing literature surrounding
smart and digital agricultural systems within the Indian context, emphasizing their potential to catalyze
the transition towards a digital society.

Choudhary, P. et al. (2021): Explore the paradigm of digital agriculture and its implications for sustainable
farming practices in India. The paper underscores the significance of leveraging digital technologies to
address the pressing challenges facing the agricultural sector, such as climate change, resource scarcity,
and food security. Through a comprehensive review of literature and case studies, the authors elucidate
the diverse applications of digital tools, including precision farming, remote sensing, IoT, and data
analytics, in optimizing agricultural operations. They highlight how these technologies enable farmers
to make data-driven decisions, improve resource allocation, and enhance productivity while minimizing
environmental impact!'?.

Gupta et al. (2019): Gupta et al. delve into the transformative potential of digital technologies in Indian
agriculture. The paper highlights how innovations such as precision agriculture, loT-enabled monitoring
systems, and data analytics can optimize resource utilization, enhance crop productivity, and mitigate risks
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associated with weather variability. By analyzing case studies and field trials, the authors demonstrate the
tangible benefits of adopting digital agricultural practices, including increased yields, cost savings, and
sustainability improvements. However, the paper also underscores the need for addressing infrastructural
barriers, ensuring access to technology for smallholder farmers, and safeguarding data privacy and
security!'®l,

Kumar et al. (2020) provide a detailed overview of IoT-based smart agriculture systems, elucidating the
architecture, components, applications, and benefits of such systems in agricultural management. By
leveraging IoT sensors, actuators, and communication networks, smart agriculture systems enable real-
time monitoring and control of agricultural parameters such as soil moisture, temperature, humidity, and
crop health?®®!. The paper discusses the potential of IoT-based solutions to optimize resource allocation,
automate farming operations, and enhance decision-making capabilities, thereby fostering sustainable
agricultural practices and resilience to climate change.

Mishra et al. (2021) delve into the digital revolution sweeping through Indian agriculture, elucidating
the myriad opportunities and challenges it presents. The paper highlights the transformative impact of
digital technologies, ranging from mobile applications and e-commerce platforms to remote sensing and
blockchain, in reshaping agricultural value chains, market linkages, and farmer access to information
and services?®. However, it also acknowledges the hurdles impeding the widespread adoption of digital
solutions, including infrastructural gaps, digital literacy barriers, and concerns regarding data privacy
and security.

Patel et al. (2018) offer a comprehensive review of the adoption of digital agriculture technologies by
Indian farmers, elucidating the determinants, facilitators, and barriers influencing adoption decisions.
Drawing on empirical studies and theoretical frameworks, the paper identifies factors such as farmer
demographics, farm size, access to credit, extension services, and institutional support as critical drivers
of technology adoption®. Furthermore, it underscores the importance of user-centric design, affordability,
and user training in promoting the uptake and utilization of digital tools among farmers.

Reddy et al. (2021): Reddy et al. investigate the role of digital agriculture in empowering Indian farmers
and fostering inclusive growth. Drawing on empirical data and survey findings, the paper examines
the adoption patterns, perceptions, and challenges associated with digital agricultural technologies
among smallholder farmers. The authors identify factors such as access to information, training, and
financial incentives as critical determinants of technology adoption and diffusion*’!. Moreover, the paper
underscores the importance of establishing supportive policy frameworks, public-private partnerships,
and farmer-centric service delivery models to ensure the equitable distribution of benefits and address
barriers to adoption.

Sharma et al. (2020): Sharma et al. explore the concept of smart farming and its relevance in the Indian
agricultural context. The paper provides an overview of various smart farming techniques, including
sensor-based monitoring, drone technology, and predictive analytics, and their potential applications
in addressing challenges such as water scarcity, soil degradation, and pest management**. Through a
review of experimental studies and pilot projects, the authors highlight the efficacy of smart farming
interventions in improving crop yields, resource efficiency, and farmer livelihoods. However, the paper
emphasizes the need for tailored solutions that account for the socio-economic diversity and agronomic
variability across different regions of India.
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Singh, R. & Singh, A.K. (2019): Underscore the pivotal role of smart farming in enhancing agricultural
productivity, sustainability, and profitability. By integrating advanced technologies such as 10T, drones, and
data analytics, smart farming enables precision agriculture practices, enabling farmers to make informed
decisions regarding irrigation, fertilization, pest control, and crop management!“®!. Thy emphasizes the
potential of smart farming to mitigate resource wastage, optimize input utilization, and improve crop
yield, thereby contributing to food security and farmer livelihoods.

Yadav, A. et al. (2019) present a comprehensive review of emerging trends in digital agriculture, with a
focus on innovative technologies and their applications in the agricultural sector. Through a systematic
analysis of recent literature and empirical studies, the authors highlight key trends such as Al, blockchain,
drones, and satellite imagery, and their transformative potential in revolutionizing agricultural practices.
They underscore how these technologies enable real-time monitoring, precision farming, predictive
analytics, and supply chain traceability, thereby enhancing productivity, sustainability, and resilience in
agriculture. They also highlight the implications of digital agriculture for food security, environmental
conservation, and socio-economic development™,

Agro Informatics, Digital Agriculture: Implications

Agricultural Information System (AILS) or Agricultural Informatics is required for agricultural development
using agricultural technologies, for proper information and documentation in the field of agriculture.
The field of ‘Agricultural Informatics’ also known as ‘Agricultural Information Technology’ or ‘Agro
Information and Communication Technology (Agro ICT), and offered in many universities in ICT Schools
or recently established iSchools/ 8741 The impact of ICT Applications in agriculture is essential
these days in pre and post production of agriculture. Agricultural Technologies with Informatics results
more productive agro sector more productive, as it helps in gathering and analyzing weather condition
such as heat, cold, flood, drought, insect, pest infestations, and disease, etc. In Climate Change and its
management also Agro Informatics directly and indirectly required for better and effective practice of
Agro Information Systems!!'M25}5U, Food Security is an important concern and each and every country
emphasized the role and significance of this matter, and in this Agro Informatics considered as impactful for
developing healthy and smart agricultural systems®}204%] Ag India is a big country with huge population
therefore the role of Agro Informatics is important for fulfilling the food and nutritional requirements.
For advancing Agricultural Systems using ICT and Computing, following considered as impactful and
required such as—

O Agricultural System’s Input and Output.
O Agricultural system’s management and integrating®H!5-341,

O Agro Marketing and Business development related to Agriculture.
O Pre and Post Production of Agricultural Systems.

O Effective and easiness in Transportation.

O Food security systems ensuring including management.

O For effective operation of Agricultural Systems.
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O For value-chain development!'*+22,
O In managing and deciding climate related.

For the promotion of Agro Informatics or Smart Agriculture apart from respective Agro Informatics
Department or branch some allied subjects and branches may be worthy and impactful such as Information
Sciences, Information Technologies, Information and Communication Technology, Computing Sciences,
Ultimately in smart agricultural system and digital agricultural systems pre production and post production
agro activities are important, and in this context various global innovations and management also helps in

different activities such as agro-space, agro-productivity, economic development, and social development,
etc.[12124],

Digitalization of agricultural systems leads the development of digital agriculture and this is ultimately
helps in delivering technological support!*1!7H21, Digital agriculture or smart farming supported by various
latest subfields of Information Technology such as IoT, Al, Cloud Computing, Big Data for implement
and advancing smart farming or precision farming. Here another allied technology i.e. Robotics play a
leading role in farming and helps in promotion of agricultural field. Real time data is positively possible
to collect with Smart Agriculture systems and depends on various equipped machines or devices. Real
time data is required in precision agriculture and advancing prospects not only present but also future
agricultural systems!'*M29M30 Agricultural sector is also improving continuously and it has advancing
and transformation agricultural system and gathering faster data with processing and its enhancement. It
also improved the level of accuracy, also extend the production capacity, reducing the production cost,
Smart Agriculture also enhance crop yield, support of the sustainability, etc.'}3, Digital agriculture is
supported by other allied technologies, apart from mentioned above such as—

O Machine Learning

O Deep Learning

O Camera equipped satellite and drones
O Virtual Reality

O Augmented Reality®239],

Smart and Digital Agricultural Systems leads the smart greenhouse, advancing livestock management,
observation of farming using flying drones, advancing in identifying the forecasting, analysis of financial
situation, identification and diseases control, managing pest control, observation of crops and harvest.
Digital technologies also helpful in enhancing the market of agriculture and it also open-up opportunities
of digital payments system for advancing proper agricultural marketing systems.

Challenges and Issues in Digital Agricultural Systems: With Developing
Countries Context

Smart agricultural solutions are a crucial approach to tackling the complex difficulties faced by farmers
in developing countries. These solutions, which include a wide range of technology advancements and
strategies, have great potential to completely transform agricultural operations, increase production,
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reduce environmental impact, and ultimately enhance people’s quality of life. Nevertheless, the process of
implementing smart agriculture technologies in developing countries is hindered by numerous challenges
and intricacies. This extensive investigation examines the complex field of smart agriculture, analyzing
the fundamental problems and difficulties while also highlighting the prospective chances and tactics
for overcoming these obstacles**M*!l. Agriculture plays a crucial role in the economies of numerous
emerging nations, making significant contributions to their GDP, employment rates, and food security.
Smallholder farmers, specifically, have a crucial role in maintaining rural livelihoods and ensuring that
local populations have enough food. Although agriculture is crucial in many places, it faces numerous
obstacles due to restricted resource access, unfavorable climatic conditions, market inefficiencies, and
poor infrastructure.

Economic Significance: Agriculture remains a vital pillar of the economy in emerging nations, acting
as a primary source of income and livelihood for a considerable section of the population. The industry
not only contributes directly to GDP but also plays a key role in poverty alleviation and socio-economic
development+#1],

Obstacles Confronting Agriculture: The agricultural industry in developing nations faces a range of
obstacles that hinder its potential for growth and sustainability. These challenges encompass a wide range
of obstacles, which may include, but are not restricted to:

O Limited Access to Resources: Smallholder farmers frequently lack access to vital resources such as
land, water, seeds, fertilizers, and loans, hampering their capacity to embrace modern agricultural
practices!7441,

O Climate Variability: Climate change worsens existing vulnerabilities in agriculture, leading to
unpredictability in the weather, droughts, floods, and other extreme occurrences that adversely
affect agricultural production and livelihoods.

O Market Inefficiencies: Ineffective structures of the market, lack of marketplace data, and limited
market access result in inadequate bargaining leverage for farmers, fluctuation in prices, and
post-harvest losses.

Inadequate Infrastructure: Insufficient infrastructure for transportation, storage, and processing inhibits
the efficient functioning of agricultural value chains, leading to considerable food losses and restricted
market access for farmers.

The Imperative for Innovation in Agriculture

In the face of growing difficulties, there is a compelling need for innovation in agriculture to boost
production, resilience, and sustainability. Smart agriculture solutions, which harness cutting-edge
technologies and data-driven approaches, offer a pathway toward accomplishing these objectives.

1. Enhancing Productivity: The use of smart agricultural technologies can greatly boost productivity
by optimizing resource utilization, enhancing crop management techniques, and minimizing losses
due to pests, diseases, and environmental stressors.

2. Promoting Sustainability: Smart agriculture promotes sustainability by minimizing the
environmental footprint of agricultural activities through precision farming techniques, effective
resource management, and conservation strategies/®-43,
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3. Improving lives: By boosting yields, reducing production costs, and enhancing market access,
smart agricultural solutions have the potential to improve the lives of smallholder farmers, thereby
contributing to poverty reduction and rural development.

Challenges in the Adoption of Smart Agricultural Solutions

While smart agriculture technologies offer transformative potential, their implementation in underdeveloped
nations is hampered by a multitude of challenges and constraints. These issues involve technological,
infrastructural, financial, knowledge-related, and policy-related elements.

O Technological Barriers: Limited access to technology, particularly among smallholder farmers,
poses a substantial hurdle to the adoption of smart agricultural solutions. Factors such as the
expensive cost of technology, lack of understanding, and complexity of solutions impede
mainstream adoption®+31,

O Infrastructural Limitations: Weak rural infrastructure, including inadequate internet access,
electricity supply, and storage facilities, hinders the performance of smart agricultural systems,
hampering data collection, analysis, and transmission.

O Financial Constraints: The high upfront costs associated with smart agriculture technologies hinder
smallholder farmers from investing in these solutions. Limited access to finance and financing
exacerbates financial hurdles, inhibiting adoption.

O Information and understanding Gaps: Many farmers lack understanding of the potential benefits
of smart agriculture techniques and experience hurdles in learning the requisite information and
skills to properly utilize these technologies.

Policy and Regulatory Challenges: Inadequate governmental support and regulatory frameworks tailored
to the needs of smart agriculture restrict its acceptance and proliferation. Concerns involving data privacy,
intellectual property rights, and standards compliance further complicate regulatory difficulties.

Strategies for Overcoming Adoption Barriers

Addressing the problems associated with the adoption of smart agriculture solutions requires a diverse
approach involving policy interventions, infrastructure development, capacity building, finance
mechanisms, and stakeholder involvement.

O Investment in Rural Equipment: Governments and development agencies ought to prioritize
investments in rural infrastructure, including broadband connectivity, electricity supply, and
storage facilities, to create an environment that allows for smart agriculture.

O Financial Support Mechanisms: Innovative financing processes, such as grants, subsidies, and
microfinance initiatives, can facilitate access to funds for smallholder farmers to participate in
smart agricultural technologies.

O Capacity Building and Training: Training programs, services for extension, and knowledge-sharing
channels should be strengthened to build the technical abilities of farmers and empower them to
embrace and apply smart agricultural solutions efficiently.
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O Public-Private Partnerships: Collaboration between governments, private sector organizations,
research institutions, and civil society organizations is vital for stimulating innovation, scaling
adoption, and resolving systemic impediments to smart agriculturet!>!%],

O Policy Reform and Advocacy: Policymakers should establish supporting policies and regulatory
frameworks that stimulate investment, foster innovation, and facilitate technology transfer in the
agriculture sector.

O Demonstration Projects and Information Exchange: Implementing demonstration projects and pilot
studies can illustrate the viability and benefits of smart agriculture solutions, hence facilitating
information exchange, learning, and replication.

Case Studies: Exemples of Smart Agricultural Initiatives

O Kenya: Kenya’s M-Pesa mobile payment system has been adapted for agricultural transactions,
enabling farmers to access banking services, market information, and services for extension through
their mobile phones. Solar-powered drip irrigation systems have also increased water access and
agricultural yields for small-scale farmers in desert places.

O India: Digital agriculture platforms like e-NAM (National Agriculture Market) promote online
trade of agricultural produce, decreasing inefficiencies in traditional market systems and enhancing
farmers’ access to markets. Progress progressive farmers are using precision farming technology,
including soil sensors and remote sensing, to optimize inputs and enhance yields sustainably.

O Senegal: Mobile apps giving real-time weather forecasts and agronomic guidance help farmers
make informed decisions regarding crop management strategies. Community-managed seed banks
are maintaining traditional crop varieties and fostering agrobiodiversity, enhancing resistance to
climate changel*3M48],

O Brazil: Agro-weather monitoring systems provide farmers with reliable weather forecasts and
crop-specific advice, enabling timely decision-making and risk mitigation. Initiatives supporting
sustainable intensification practices, such as conservation agriculture, are boosting productivity
and environmental sustainability in Brazilian agriculture.

CONCLUSION

Though smart agriculture offers various benefits and opportunities but it has some of the issues and
challenges and among these issues and challenges important are include technological implementation
including its continuous and further development, bad effects and concern of environmental systems, issues
and constraints related to the finance, and limited awareness, availability of skills, etc. Smart agriculture
also needs attention in planning, proper management of policy with effective implementation. It has also
shown that appropriate measures are also lacking in foster and advanced smart agricultural progress, not
only in both in developing countries but also in developed nations. The smart agricultural technologies
show enormous promise to address the complex difficulties affecting agriculture in emerging countries.
By using technology, innovation, and strategic collaborations, these solutions can boost productivity,
sustainability, and resilience, ultimately increasing food security, livelihoods, and socio-economic
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development. However, fulfilling this promise needs concerted efforts to overcome adoption barriers,
invest in enabling infrastructure, and increase capacity.
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