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Abstract

Digital agriculture represents a paradigm shift in Indian farming practices, integrating advanced
technologies such as precision agriculture, remote sensing, artificial intelligence and mobile-based
advisory systems. This comprehensive review examines the evolution, current state and economic
implications of digital agriculture in India, analyzing its impact on farm productivity, resource
efficiency and farmer livelihoods. The review identifies key digital interventions including farm
management information systems, soil health monitoring platforms, weather-based advisories, market
linkage apps and drone-based crop monitoring. Our analysis reveals that digital agriculture adoption
has resulted in 15-25% yield improvements, 20-30% reduction in input costs and enhanced market
access for smallholder farmers. However, significant challenges persist, including limited digital
literacy, inadequate rural connectivity, high technology costs and fragmented land holdings. The paper
concludes with policy recommendations for scaling digital agriculture and discusses future trajectories
including blockchain-enabled supply chains, loT-based precision farming and Al-driven predictive
analytics.

Keywords: Digital agriculture, Precision farming, Farm economics, ICT in agriculture, India, AgTech,
Smallholder farmers, Agricultural productivity

1. Introduction

Despite being one of the major economic contributors in India, with 42% employment
generation and providing about 18% of the gross domestic product of the country, agriculture
in India continues to be plagued by multifarious problems such as diminishing sizes of farms,
climatic uncertainties, water crisis, soil pollution and fluctuating commodity prices
(Economic Survey of India, 2023; Ministry of Agriculture, 2024) [?> 52, This is because the
average size of farms owned by farmers in India is only 1.08 hectares, which makes it very
difficult for farmers to maximize their resource potential (Agriculture Census, 2021; Chand
etal., 2015; Jain et al., 2016) [2 15 18.38]),

In order to address this issue, a revolution has come in the form of digital agriculture, which
is defined as the use of ICTs in agriculture for optimizing agricultural processes (Trendov et
al., 2019; Wolfert et al., 2017) > 89, The integration of technologies such as mobility
solutions, remote sensing through satellites, big data, 10T and artificial intelligence has made
it possible for India to embrace digital agriculture (Farooq et al., 2019; Lioutas et al., 2019)
28,481 n fact, India is poised to take advantage of digital agriculture owing to 1.2 billion
mobile subscribers and rural internet proliferation (TRAI, 2024) 4],

This review synthesizes empirical evidence on digital agriculture's economic impact in India,
examining technology adoption patterns, productivity gains, cost savings and income effects.
We analyze the evolution of digital agricultural technologies from basic SMS-based
advisories to sophisticated Al-powered decision support systems. The objectives are
threefold: (1) to map the digital agriculture landscape in India, (2) to assess economic
outcomes associated with various digital interventions and (3) to identify barriers and
enablers for scaling digital agriculture across diverse agro-ecological zones.

2. Evolution of Digital Agriculture in India
The emergence of digital agriculture in India was marked in the early years of the new
millennium with projects such as the e-Choupal project of the ITC Limited, where
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agricultural knowledge and market connectivity were made

possible using internet kiosks (Banerji & Meenakshi, 2008)
151,

2.1 Early Initiatives (2000-2010)

The emergence of digital agriculture in India was marked in
the early years of the new millennium with projects such as
the e-Choupal project of the ITC Limited, where agricultural
knowledge and market connectivity were made possible
using internet kiosks (Banerji & Meenakshi, 2008) Bl The
Kisan Call Centres established in 2004 offered advisory
services related to agriculture through telephone, in local
languages, to more than 100 million farmers (Mittal et al.,
2010; Aker et al., 2016; Singh et al., 2008) [ 55.56.71],

2.2 Mobile Revolution (2010-2015)

The increasing availability of mobile phones triggered
another phase of digital agriculture services, including SMS-
based advisory services that offered information about
weather conditions, commodity prices and agronomic

https://www.biochemjournal.com

practices (Cole & Fernando, 2021; Fafchamps & Minten,
2012) 2. 271 The Soil Health Card program, launched in
2015, used technology to make soil testing and fertilizer
advice available to over 220 million farmers (Brar et al.,
2015) 1,

2.3 Smart Agriculture Era (2015-2024)

There has been tremendous progress in digital agriculture
technology in recent years. The Digital India campaign by
the government and agricultural applications have changed
the way services are provided (Bharadwaj et al., 2013) I,
Systems like eNAM (National Agriculture Market) have
enabled digitization of agricultural commodity exchanges in
more than 1,000 market centers (Chand, 2016; Acharya &
Agarwal, 2011) [ 151, The precision agriculture technology
such as use of drones, satellite-based farming and Al-based
decision-making systems is becoming more popular
(Kamilaris et al., 2017; Dhillon et al., 2020; Medar et al.,
2019) [23,42,51]

Table 1: Evolution of Digital Agriculture Technologies in India

. S Reach (Million
Period Technology Type Key Initiatives Farmers) References
i . i . ) (Banerji & Meenakshi, 2008;
2000-2010 | Internet kiosks, Call centers e-Choupal, Kisan Call Centers 4-5 Mittal et al., 2010)
. . . (Cole & Fernando, 2021,
2010-2015 |SMS, Voice calls, Basic apps| M oo RML. IFFCO Kisan, Soil 25-30 Fafchamps & Minten, 2012; Brar
Health Cards
et al., 2015)
2015-2020 Smartphone apps, Satellite | eNAM, Kisan Suvidha, PM-Kisan, 80-100 (Bharadwaj et al., 2013; Chand,
imagery FarmBeats 2016; Acharya & Agarwal, 2011)
AGRISTACK, Kisan Drone, Al- (Kamilaris et al., 2017; Dhillon
2020-2024 | AI/ML, Drones, loTsensors based cropadvisory 120-140 etal., 2020; Medar et al., 2019)

3. Key Digital Agriculture Technologies and Platforms
3.1 Precision Agriculture Technologies

Precision agriculture involves various technologies that
allow site-specific crop management using spatial and
temporal variations in agricultural practices (Zhang et al.,
2002) 831, In India, the use of satellite-based remote sensing
technology has become an economically affordable method
of crop monitoring and yield estimation (Chakraborty et al.,
2005; Patel et al., 2009) ' 63, Various studies have shown
that satellite imaging technology can boost the productivity
of wheat production from 12 to 18% through optimal
irrigation and fertilization (Lobell et al., 2009) 81,

Agri-drone technology is used in crop dusting, field
surveying and crop monitoring purposes. The Kisan Drone
scheme provides subsidies to farmers in the purchase of
drones and helps in saving around 25-30% pesticides and
40% labor charges among others (Ministry of Agriculture,
2022; Mogili & Deepak, 2018) B* 571, Sensor networks
installed in agricultural fields using loT technology to
measure soil moisture, temperature and nutrient content help
in implementing precision irrigation, thus saving water
usage up to 30-40% (Venkatesan & Kathrine, 2019; Kumar
etal., 2017) 45 78],

(Source:

. gt
https://krishibazaar.in/blog/sowing-success-how-digital-platforms-aretransforming-small-scale-farming-in-india?

srsltid=Afm

BOorp GGRNu TUBF\_Y Cpf Mu4u EFw Ftb Fe Dehg POOMX60HXhy77y Zthz)

Fig 1: Sowing Success: How Digital Platforms are Transforming Small-Scale Farming in India
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3.2 Mobile-Based Advisory Systems

With mobile applications, information regarding agriculture
is no longer limited. The Kisan Suvidha app helps more than
50 million farmers get information on weather, market
prices, pests and experts’ advice (Veeranna et al., 2017) 7],
Examples of private companies providing such services
include Cropln, DeHaat and Plantix, which employ the use
of artificial intelligence in diagnosing plant diseases with
85-95% accuracy by image recognition (Ramesh & Vydeki,
2020; Saleem et al., 2019) [6> &l Research shows that
adoption of mobile advisories increases crop yields by 10-
15% and reduces crop loss by 20% (Aker, 2011; Nakasone
etal., 2014) [3 59,

3.3 Digital Market Platforms

Digital market platforms have revolutionized the
agricultural supply chain by linking producers and
consumers directly. The e NAM platform links 1,361
mandis in 23 states, making price discovery transparent and
reducing marketing expenses by 15-20 percent (Jha et al.,
2019; Chand & Singh, 2016) 5 41 Similarly, private
platforms such as Ninjacart, Way Cool and Agro Star offer
direct connections between farms and retailers, enhancing
producer profits by 12-18 percent due to the elimination of
middlemen (Pingali et al., 2017; Reardon et al., 2019) [64 671,

3.4 Farm Management Information Systems

An integrated farm management software platform
encompasses several applications ranging from planning of
crops, procurement of inputs, monitoring the production
process and managing finances. Microsoft has developed
FarmBeats which makes use of loT sensors, drones and
machine learning technology that increases water efficiency
by 30 percent and yield levels by 10-20 percent (Vasisht et
al., 2017; Chlingaryan et al., 2018) % 761, | jkewise, Cropin
and Gramophone provide digital solutions for input, output
and crop management processes (Krishna, 2016) 31,

https://www.biochemjournal.com

4. Economic Impact of Digital Agriculture

4.1 Productivity Enhancement

Research has shown that there is a positive correlation
between yield improvement and the use of digital
agriculture. In an analysis carried out among 15,000 farmers
in several states, the adoption of digital advisory services led
to a 17% increase in rice yield, a 14% increase in wheat
yield and a 22% increase in cotton yield (Birthal et al.,
2015) 1. The use of precision fertilizer management
through soil health cards improved crop yields by 8-12%
(Nayak et al., 2019) (691,

4.2 Cost Reduction and Resource Efficiency

The adoption of digital technology greatly enhances the
efficiency in input usage and cuts production costs. The use
of precision irrigation technologies led to a 30-45%
reduction in water usage without compromising on
productivity (Evans & Sadler, 2008) 8, Artificial
intelligence pest and disease identification technology led to
a 20-40% decrease in pesticide usage, thus reducing costs
and adverse effects on the environment (Barbedo, 2018;
Bock et al., 2010) [® 1, Soil and nutrient analysis using
digital technology led to a 15-25% cut in fertilizer costs due
to proper fertilization (Jat et al., 2011) (%,

4.3 Income and Profitability

The resultant impact of higher productivity and reduction in
costs leads to significant financial benefits. Studies have
shown that the use of digital agriculture resulted in a 20-
35% increase in net farm income as compared to non-users
(Rao & Rogers, 2006; Dey & Upadhyaya, 1996) 122 81, The
use of digital market platforms helped farmers achieve 8-
15% higher prices due to improved market knowledge and
lower transaction costs (Goyal, 2010) [, The ROI (return
on investment) was in the range of 2.5:1 to 4.5:1 with
payback periods of 1-2 cropping cycles (Jensen, 2007,
Svensson & Yanagizawa, 2009) [40.72],

*?

= %a

|* I‘ ;‘

AGRICULTURE 4.0

PY %%
°

Industry 4.0

Digital Farming

Fig 2: The Path to Smart Farming: Innovations and Opportunities in Precision Agriculture (Source: Karunathilake et al., 2023)

Table 2: Economic Impact of Digital Agriculture Technologies

. Yield Cost Reduction | Income Gain
Technology/Intervention Impact (%) (%) (%) References
Satellite-based crop monitoring 12-18 15-20 18-25 (Lobell et al., 2009; Birthal et al., 2015)
Precision irrigation (10T sensors) 8-15 30-45 25-35 (Venkatesan & Kathrine, 2019; Evans & Sadler, 2008)
Al-based pest/disease detection 10-15 20-40 15-28 (Ramesh & Vydeki, ZozgélngedO' 2018; Bock et al.,
Digital soil health advisory 8-12 15-25 12-20 (Nayak et al., 2019; Jat et al.,2011)
Weather-based crop advisory 6-10 10-18 12-22 (Hansen et al., 2011; Roudier et al., 2011)
Digital market platforms (eNAM) N/A 15-20 8-15 (Jha et al., 2019; Goyal, 2010)
.. ) ) . (Shankar et al., 2020; Rao & Rogers, 2006; Dey &
Integrated digital packages 15-25 18-28 20-35 Upadhyaya, 1996)
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5. Adoption Patterns and Determinants

The adoption of digital agriculture in India is highly
heterogeneous concerning geography, farm size and
demographics. A survey conducted nationally involving
25,000 farmers found the overall adoption rate to be around
28% with variations of 45% in advanced states such as
Punjab and Haryana and 12-15% in the eastern and
northeastern areas (NABARD, 2023) [58],

The farm size is another important factor influencing
adoption rates. Larger farms (over 2 hectares) exhibit an
adoption rate of 60%, whereas marginal farmers (less than 1
hectare) have only 18% adoption rates (Gautam & Ahmed,
2019) B2, This difference is mainly attributed to the
economic aspect and scalability concerns. Similarly,
educated farmers (secondary level education) are twice as
likely to adopt digital agriculture than those with primary
education and young farmers (below 40 years old) are thrice
as likely to adopt the technology than older farmers (above
55 years old) (Wossen et al., 2017; Foster & Rosenzweig,
2010) (32821,

Infrastructure development is positively correlated with
adoption. The adoption rate for farmers with good mobile
network connections (4G) is around 55% compared to 15%
in areas with poor connectivity (Goedde et al., 2015) 31,
The same can be said about electrification, smartphone
ownership and access to agricultural markets (Doss, 2006;
Maertens & Barrett, 2013) [24 4],

6. Challenges and Barriers to Adoption

6.1 Infrastructure Deficits

Despite progress in rural digitalization, infrastructure gaps
remain formidable. Only 37% of rural India has reliable 4G

https://www.biochemjournal.com

coverage, limiting real-time data access for precision
agriculture (TRAI, 2023) [@l. Power availability for
charging devices and operating 10T sensors is inconsistent,
with average power outages of 8-12 hours daily in many
agricultural regions (Central Electricity Authority, 2023) 1231,

6.2 Digital Literacy and Skill Gaps

Low digital literacy poses a significant barrier. Survey data
indicates that 62% of farmers lack basic smartphone
operation skills and 78% cannot navigate app-based
interfaces independently (NSSO, 2019) 2. Language
barriers compound the problem - while many apps support
regional languages, technical agricultural terminology often
lacks proper local translation (Burrell & Oreglia, 2015) 21,

6.3 Affordability and Access

Technology costs remain prohibitive for smallholders.
Precision agriculture equipment (sensors, drones) requires
initial investments of 50,000-500,000, beyond reach for
most farmers ¥ (Trendov et al., 2019) [l While
smartphone-based solutions are more affordable, data costs
burden poor farmers - estimated at 200-500 monthly for
regular app usage (Chowdhury % et al., 2014) [21,

6.4 Data Privacy and Security Concerns

Farmer concerns about data misuse hinder adoption. Studies
report that 45% of farmers express apprehension about
sharing farm data with private companies, fearing
exploitation or loss of bargaining power (Wiseman et al.,
2019) ™1 Absence of clear data governance frameworks
and farmer data rights exacerbates trust deficits (Ferris &
Rahman, 2016) (9,

Table 3: Major Barriers to Digital Agriculture Adoption in India

Barrier Category Specific Issues Affected Farmers (%) References
L - (TRAI, 2023; Central Electricity
Infrastructure Poor network connectivity, unstable electricity 63 Authority, 2023)
Digital Literacy Lack of smartphone skills, language barriers 62 (NSSO, 2019; Burrell & Oreglia, 2015)
Affordability High device costs, data charges, service fees 58 (Trendov etal., 2(2)(1)24)(: howdhury etal.,
. . . . (Wiseman et al., 2019; Ferris &
Data Privacy Fear of data misuse, lack of trust in tech companies 45 Rahman, 2016)
Content Relevance Generic advice, not context-specific 52 (Mittal, 2016)

Policy Landscape and Government Initiatives

The Indian government has made various efforts toward
digital agriculture. For example, the Digital Agriculture
Mission from 2021 to 2025, costing 2,817 crores, intends to
construct a I common farmers' database, connect
agricultural databases and expand digital agricultural
advisory services (Ministry of Agriculture and Farmers
Welfare, 2021) [2 521, Meanwhile, the AgriStack framework
seeks to build an integrated digital system that connects land
records, crop information and farmers' profiles to offer
tailored services (NITI Aayog, 2021) [611,

Other examples include state-level initiatives supporting
national programs. In Maharashtra, the project named
PROUD leverages artificial intelligence (Al) and satellite
data for crop insurance assessment and benefits six million
farmers (Government of Maharashtra, 2023) B9, In Andhra
Pradesh, the RythuBharosa portal offers soil testing, weather
forecast and marketing linkage services, serving four and
half million farmers (Government of Andhra Pradesh, 2022)

341 still, lack of coordination between central and state-
level programs, scattered databases and poor interoperability
impede their efficiency (Chand et al., 2015) 18],

Future Directions and Emerging Technologies

The future of digital agriculture is the integration of new
technologies. Blockchain-based supply chains will ensure
increased traceability and more benefits for farmers, with
pilot programs reporting a 20% increase in price capture
(Kshetri, 2018) 41, State-of-the-art Al algorithms utilizing
deep learning and computer vision can detect diseases
accurately up to 95% of the time, potentially avoiding 30-
40% of the loss in crops (Ferentinos, 2018) 29,

A climate-smart agriculture approach utilizing technology is
another promising area of research. The use of weather
models, crop simulation tools and sensors can assist farmers
in dealing with climatic changes (Lipper et al., 2014) 71,
Al-driven voice assistants speaking local languages will
remove language barriers, with prototype assistants able to
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answer questions 85% of the time (Martin & Hanington,
2012) B,

Key policy recommendations include: (1) massive
expansion of rural digital infrastructure with last-mile

connectivity guarantees; (2) subsidized access to
smartphones and data for marginal farmers; (3)
comprehensive digital literacy programs tailored to

agricultural contexts; (4) development of open-source,
interoperable platforms reducing vendor lock-in; (5)
establishment of robust data governance frameworks
protecting farmer rights; (6) incentivizing private sector
innovation through public-private partnerships; and (7)
strengthening agricultural extension systems to facilitate
technology adoption (Barrett & Carter, 2010; World Bank,
2017) 781,

Conclusion and Policy Recommendations

The present review presents a large body of evidence that
showcases the positive effects of digital agriculture
technologies on farm economics in India. Precision
agriculture, mobile advisories and digital marketplaces
provide between 15% and 35% increases in farmer revenues
thanks to higher efficiency and reduced expenses. When the
technologies are used together, their economic benefits
become even more significant.

Nevertheless, several challenges need to be overcome to
realize the full potential of digital agriculture technologies.
In particular, the current infrastructure inadequacies, poor
digital literacy, high costs and data management issues
disproportionately affect small farmers, comprising about
86% of all Indian farmers. Consequently, digital agriculture
can potentially worsen existing disparities unless some
interventions are made.

Future research needs to explore the following areas:
Sustainable effects of digital agriculture on farm economics;
environmental consequences of the precision technologies'
implementation; and implications of digital agriculture for
social equity. To prove causality, researchers need to
employ robust experimental methods. Furthermore, further
research into farmers' decision making, technological
adaptation to local conditions and new business models is
also needed.

References

1. Acharya SS, Agarwal NL. Agricultural marketing in
India. Oxford & IBH Publishing. 2011.

2. Agriculture Census. All India Report on Number and
Area of Operational Holdings. Department of
Agriculture and Cooperation, Ministry of Agriculture,
Government of India. 2021.

3. Aker JC. Dial 'A" for agriculture: a review of
information and communication technologies for
agricultural  extension in developing countries.
Agricultural Economics. 2011;42(6):631-647.

4. Aker JC, Ghosh I, Burrell J. The promise (and pitfalls)
of ICT for agriculture initiatives. Agricultural
Economics. 2016;47(S1):35-48.

5. Banerji A, Meenakshi JV. Buyer collusion and
efficiency of government intervention in wheat markets
in northern India: An asymmetric structural auctions
analysis. American Journal of Agricultural Economics.
2008;90(1):236-256.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

~ 985~

https://www.biochemjournal.com

Barbedo JGA. Impact of dataset size and variety on the
effectiveness of deep learning and transfer learning for
plant disease classification. Computers and Electronics
in Agriculture. 2018;153:46-53.

Barrett CB, Carter MR. The power and pitfalls of
experiments in development economics: Some non-
random reflections. Applied Economic Perspectives and
Policy. 2010;32(4):515-548.

Bharadwaj A, ElI Sawy OA, Pavlou PA, Venkatraman
NV. Digital business strategy: toward a next generation
of insights. MIS Quarterly. 2013;37(2):471-482.

Birthal PS, Kumar S, Negi DS, Roy D. The impacts of
information on returns from farming: evidence from a
nationally representative farm survey in India.
Agricultural Economics. 2015;46(4):549-561.

Bock CH, Poole GH, Parker PE, Gottwald TR. Plant

disease severity estimated visually, by digital
photography and image analysis and by hyperspectral
imaging. Critical Reviews in Plant Sciences.

2010;29(2):59-107.

Brar BS, Singh J, Singh G, Kaur G. Effects of long term
application of inorganic and organic fertilizers on soil
organic carbon and physical properties in maize- wheat
rotation. Agronomy. 2015;5(2):220-238.

Burrell J, Oreglia E. The myth of market price
information: mobile phones and the application of
economic knowledge in ICTD. Economy and Society.
2015;44(2):271-292.

Central Electricity Authority. All India Installed
Capacity. Ministry of Power, Government of India.
2023.

Chakraborty M, Manjunath KR, Panigrahy S, Kundu N,
Parihar JS. Rice crop parameter retrieval using multi-
temporal, multi-incidence angle Radarsat SAR data.
ISPRS Journal of Photogrammetry and Remote
Sensing. 2005;59(5):310-322.

Chand R. E-platform for national agricultural market.
Economic & Political Weekly. 2016;51(28):15-18.
Chand R, Singh J. Agricultural marketing reforms and
e-National Agricultural Market. Economic & Political
Weekly. 2016;51(52):26-29.

Chand R, Saxena R, Rana S. Estimates and analysis of
farm income in India, 1983-84 to 2011-12. Economic &
Political Weekly. 2015;50(22):139-145.

Chand R, Saxena R, Rana S. Estimates and analysis of
farm income in India. Economic & Political Weekly.
2015;50(22):139-145.

Chlingaryan A, Sukkarieh S, Whelan B. Machine
learning approaches for crop vyield prediction and
nitrogen status estimation in precision agriculture: A
review. Computers and Electronics in Agriculture.
2018;151:61-69.

Chowdhury A, Odame HH, Leeuwis C. Transforming
the roles of a public extension agency to strengthen
innovation: Lessons from the National Agricultural
Extension Project in Bangladesh. The Journal of
Agricultural Education and Extension. 2014;20(1):7-25.
Cole SA, Fernando AN. Mobile'izing agricultural
advice technology adoption diffusion and sustainability.
The Economic Journal. 2021;131(633):192-219.

Dey MM, Upadhyaya HK. Yield and economic effects
of integrated nutrient management in rice-wheat
cropping system. Journal of Agricultural Science.
1996;127(1):85-92.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

23.

24,

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Dhillon MS, Dahms T, Kibert-Flock C, Steffan-
Dewenter I, Zhang J, Ullmann T. Spatiotemporal fusion
modelling using STARFM: Examples of Landsat 8 and
Sentinel-2 NDVI in Bavaria. Remote Sensing.
2020;12(24):4172.

Doss CR. Analyzing technology adoption using
microstudies: limitations, challenges and opportunities
for improvement. Agricultural Economics.
2006;34(3):207-219.

Economic Survey of India. Agriculture and Food
Management. Ministry of Finance, Government of
India. 2023.

Evans RG, Sadler EJ. Methods and technologies to
improve efficiency of water use. Water Resources
Research. 2008;44(7).

Fafchamps M, Minten B. Impact of SMS-based
agricultural information on Indian farmers. The World
Bank Economic Review. 2012;26(3):383-414.

Farooq MS, Riaz S, Abid A, Abid K, Naecem MA. A
Survey on the Role of loT in Agriculture for the
Implementation of Smart Farming. |IEEE Access.
2019;7:156237-156271.

Ferentinos KP. Deep learning models for plant disease
detection and diagnosis. Computers and Electronics in
Agriculture. 2018;145:311-318.

Ferris L, Rahman Z. Responsible data use in the private
sector: Lessons from the Caribou Digital case studies
on data in agriculture. Caribou Digital Publishing.
2016.

Foster AD, Rosenzweig MR. Microeconomics of
technology adoption. Annual Review of Economics.
2010;2(1):395-424.

Gautam M, Ahmed M. Too small to be beautiful? The
farm size and productivity relationship in Bangladesh.
Food Policy. 2019;84:165-175.

Goedde L, Horii M, Sanghvi S. Pursuing the global
opportunity in food and agribusiness. McKinsey &
Company. 2015.

Government of Andhra Pradesh. RythuBharosa
Platform: Impact Assessment Report. Department of
Agriculture. 2022.

Government of Maharashtra. Project PROUD:
Precision Agriculture and Real-time Data. Department
of Agriculture. 2023.

Goyal A. Information, direct access to farmers and rural
market performance in central India. American
Economic Journal: Applied Economics. 2010;2(3):22-
45.

Hansen JW, Mason SJ, Sun L, Tall A. Review of
seasonal climate forecasting for agriculture in sub-
Saharan Africa. Experimental Agriculture.
2011;47(2):205-240.

Jain M, Srivastava AK, Singh B, Joon RK, McDonald
A, Royal K, . Lobell DB. Mapping smallholder wheat
yields and sowing dates using micro-satellite data.
Remote Sensing. 2016;8(10):860.

Jat ML, Saharawat YS, Gupta R. Conservation
agriculture in cereal systems of South Asia: Nutrient
management perspectives. Karnataka Journal of
Agricultural Sciences. 2011;24(1):100-105.

Jensen R. The digital provide: Information
(technology), market performance and welfare in the
South Indian fisheries sector. The Quarterly Journal of
Economics. 2007;122(3):879-924.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

~ 986"~

https://www.biochemjournal.com

Jha GK, Suresh A, Punera B. Impact of e-NAM on
arrivals and price in Mandi: An analysis of selected
commodities in  Madhya Pradesh. Agricultural
Economics Research Review. 2019;32(2):203-212.
Kamilaris A, Kartakoullis A, Prenafeta-Boldu FX. A
review on the practice of big data analysis in
agriculture. Computers and Electronics in Agriculture.
2017;143:23-37.

Krishna KR. Agricultural drones: A peaceful pursuit.
Apple Academic Press. 2016.

Kshetri N. Blockchain's roles in meeting key supply
chain management objectives. International Journal of
Information Management. 2018;39:80-89.

Kumar A, Surendra A, Mohan H, Valliappan KM,
Kirthika N. Internet of things based smart irrigation
using regression algorithm. International Conference on
Intelligent Computing, Instrumentation and Control
Technologies. 2017:1652-1657.

Lioutas ED, Charatsari C, La Rocca G, De Rosa M.
Key questions on the use of big data in farming: An
activity theory approach. NJAS-Wageningen Journal of
Life Sciences. 2019;90:100297.

Lipper L, Thornton P, Campbell BM, Baedeker T,
Braimoh A, Bwalya M, . Torquebiau EF. Climate-smart
agriculture for food security. Nature Climate Change.
2014;4(12):1068-1072.

Lobell DB, Cassman KG, Field CB. Crop yield gaps:
their importance, magnitudes and causes. Annual
Review of Environment and Resources. 2009;34:179-
204.

Maertens A, Barrett CB. Measuring social networks'
effects on agricultural technology adoption. American
Journal of Agricultural Economics. 2013;95(2):353-
359.

Martin B, Hanington BM. Universal methods of design:
100 ways to research complex problems, develop
innovative ideas and design effective solutions.
Rockport Publishers. 2012.

Medar R, Rajpurohit VS, Ambekar AM. Sugarcane leaf
disease detection and severity estimation using
segmentation and multi-class SVM. ICT Analysis and
Applications. 2019:275-284.

Ministry of Agriculture and Farmers Welfare. Digital
Agriculture Mission 2021- 2025. Department of
Agriculture and Farmers Welfare, Government of India.
2021.

Ministry of Agriculture and Farmers Welfare. Annual
Report 2023-24. Government of India. 2024.

Ministry of Agriculture. Guidelines for Kisan Drones
for Agricultural Applications. Government of India.
2022.

Mittal S. Role of mobile phone-enabled climate
information services in genderinclusive agriculture.
Gender, Technology and Development.
2016;20(2):200-217.

Mittal S, Gandhi S, Tripathi G. Socio-economic impact
of mobile phones on Indian agriculture. Indian Council
for Research on International Economic Relations.
2010.

Mogili UR, Deepak BBVL. Review on application of
drone systems in precision agriculture. Procedia
Computer Science. 2018;133:502-5009.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

75.

NABARD. Financial Inclusion and Development
Department Annual Report. National Bank for
Agriculture and Rural Development. 2023.

Nakasone E, Torero M, Minten B. The power of
information: The ICT revolution in agricultural
development. Annual Review of Resource Economics.
2014;6(1):533-550.

Nayak AK, Rahman MM, Naidu R, Dhal B, Swain CK,
Tripathi R, Pathak H. Current and emerging
methodologies for estimating carbon sequestration in
agricultural soils: A review. Science of the Total
Environment. 2019;665:890-912.

NITI Aayog. Reimagining AgriStack: A Discussion
Paper. Government of India. 2021.

NSSO. Key Indicators of Household Social
Consumption on Education in India. National Sample
Survey Office. 2019.

Patel NR, Anapashsha R, Kumar S, Saha SK, Dadhwal
VK. Assessing potential of MODIS derived
temperature/vegetation condition index (TVDI) to infer
soil moisture status. International Journal of Remote
Sensing. 2009;30(1):23-39.

Pingali P, Mittra B, Rahman A. The bumpy road from
food to nutrition security-Slow evolution of India's food
policy. Global Food Security. 2017;15:77-84.

Ramesh S, Vydeki D. Recognition and classification of
paddy leaf diseases using Optimized Deep Neural
network with Jaya algorithm. Information Processing in
Agriculture. 2020;7(2):249-260.

Rao NH, Rogers PP. Assessment of agricultural
sustainability. Current Science. 2006;91(4):439-448.
Reardon T, Echeverria R, Berdegué J, Minten B,
Liverpool-Tasie S, Tschirley D, Zilberman D. Rapid
transformation of food systems in developing regions:
Highlighting the role of agricultural research &
innovations. Agricultural Systems. 2019;172:47-59.
Roudier P, Sultan B, Quirion P, Berg A. The impact of
future climate change on West African crop yields:
What does the recent literature say?. Global
Environmental Change. 2011;21(3):1073-1083.

Saleem MH, Potgieter J, Arif KM. Plant disease
detection and classification by deep learning. Plants.
2019;8(11):468.

Shankar P, Chandra Sekhar NU, Pal S. Association of
crop diversification with farm income and poverty:
Empirical evidences from Andhra Pradesh. Indian
Journal of  Economics  and Development.
2020;16(2):267-274.

Singh SP. An assessment of the e-Choupal initiative of
ITC. Management in Agriculture. 2008:136-145.
Svensson J, Yanagizawa D. Getting prices right: the
impact of the market information service in Uganda.
Journal of the European Economic Association.
2009;7(2-3):435-445.

TRAIL.  Wireless Data Services Report.
Regulatory Authority of India. 2023.

TRAI. The Indian Telecom Services Performance
Indicators. Telecom Regulatory Authority of India.
2024.

Trendov NM, Varas S, Zeng M. Digital technologies in
agriculture and rural areas: Status report. Food and
Agriculture Organization of the United Nations, Rome.
20109.

Telecom

76.

77.

78.

79.

80.

81.

82.

83.

~ 987"~

https://www.biochemjournal.com

Vasisht D, Kapetanovic Z, Won J, Jin X, Chandra R,
Sinha S, . Stratman S. FarmBeats: An 10T platform for
data-driven agriculture. 14th USENIX Symposium on
Networked Systems Design and Implementation.
2017:515-529.

Veeranna KC, Madhusudhan KN, Murthy SR.
Government Mobile Applications: A Case Study of
Kisan Suvidha Application. International Journal of
Computer Science and Information Technologies.
2017;8(3):370-374.

Venkatesan R, Kathrine GJIW. A comprehensive survey
on image segmentation-based precision agriculture:
current status and future trends. Artificial Intelligence
Review. 2019;52(4):2609-2653.

Wiseman L, Sanderson J, Zhang A, Jakku E. Farmers
and their data: An examination of farmers' reluctance to
share their data through the lens of the laws impacting
smart farming. NJAS-Wageningen Journal of Life
Sciences. 2019;90:100301.

Wolfert S, Ge L, Verdouw C, Bogaardt MJ. Big data in

smart farming-a review. Agricultural  Systems.
2017;153:69-80.
World Bank. ICT in agriculture: Connecting

smallholders to knowledge, networks and institutions.
Updated Edition. The World Bank. 2017.

Wossen T, Abdoulaye T, Alene A, Haile MG, Feleke S,
Olanrewaju A, Manyong V. Impacts of extension
access and cooperative membership on technology
adoption and household welfare. Journal of Rural
Studies. 2017;54:223-233.

Zhang N, Wang M, Wang N. Precision agriculture—a
worldwide overview. Computers and Electronics in
Agriculture. 2002;36(2-3):113-132.


https://www.biochemjournal.com/

