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This paper explores the adoption of digital agriculture technologies within the rice agriculture industry to address rice production issues in the Global South countries.
The study utilized the integrative literature review for the survey of related literature from the period 2014-2024 to achieve the objective of the study. The paper retrieved
eight (8) primary studies for analysis on digital agriculture technologies adoption in the rice agriculture industry. The paper deduced relevant digital agriculture technologies
that increase rice production, such as big data analytics, artificial intelligence, mobile phones, and blockchain technologies. The key challenges of digital agriculture
technologies adoption identified included digital literacy, cost of infrastructure, capital, and policies in the Global South countries, notably the West African Regions. Thus,
these challenges need to be addressed by creating an enabling environment for the advancement of digital agriculture technologies adoption in Global South countries

towards improving rice production.

Introduction

This paper explores digital agriculture technologies
within the rice agriculture industry in the Global South
countries with the aim of improving rice production. Digital
agriculture technologies adoption in the rice farming industry
is stagnant due to challenges, including digital literacy, cost
of infrastructure, capital, and policies. This is reflected in
poor rice farming practices due to the conventional farming
practices over the century, resulting in low rice production [1].
As such, the study provided an integrated literature review of
digital agriculture technologies adoption in the rice agriculture
industry in Global South countries towards improving rice
production, the challenges and associated benefits using
primary studies identified between the period of 2014-2014.
This study serves as a larger objective in a thesis on the
digitalization of the rice agriculture sector towards addressing
the issues of rice food production in developing countries.

The rice farming industry has witnessed increasing growth
as the demand for rice consumption increases with population

growth. Consequently, the need to increase rice yield and
production is constrained due to several factors hindering
the growth of the rice industry, resulting in high demand and
low supply of rice. Additionally, the growing importance of
rice becoming the one staple food in the world in the future
is inevitable. Hence, the rice agriculture industry requires
digital transformation through the use of digital agriculture
technologies to address this constraint towards increasing
rice yield and production to address the gap. The conditions
or factors necessitating the increase in the production of rice
have been identified to include land availability, seed varieties,
availability of labor, and fertilizer, as shown in Figure 1. These
conditions are either limited or cost-demanding for \key
stakeholders in the rice value chain.

Digital agriculture technologies - rice farming industry

[2] Posit that the adoption of digital agriculture
technologies, including sensor technologies, blockchain
technologies, and artificial intelligence, plays a significant role
in the modernization of rice farming in Global South countries.
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This is notable in the boost of rice production in the rice
agriculture industry due to the adoption of digital agriculture
technologies, as shown in Figure 2. The evidence of the impact
of these digital agriculture technologies is confirmation of the
benefits of transforming from drudgery rice farming practices
to modern rice farming.

Digital agriculture technologies constraints in the rice
farming industry

Despite the benefits associated with digital agriculture
technologies adoption in the rice agriculture industry, the
implementation of these technologies is constrained by several
factors. These constraints are classified into socio-economic
and technical constraints that require intervention for the
successful adoption and implementation of digital agriculture
technologies. The socio-economic constraints are identified as
trust, digital gap, amongst others, as shown in Figure 3, while
the technical constraints are identified as hardware and network
infrastructure, user friendliness, access to smartphones and
feature phones, amongst others, in Figure 4.

Digital agriculture technologies adoption in the rice agri-
culture industry

The adoption of digital agriculture technologies is
transformational in Africa in the rice agriculture industry, with
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Figure 1: Rice Production Factors. Adapted from Suwandi et al. (2022).
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Figure 2: Digital Agriculture Technologies Adopted in Rice Production. Adapted

from Abbasi et al. (2022).
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Figure 3: Socio-economic constraints of digital agriculture technologies adoption.

Adapted from Abbasi et al. (2022).
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Figure 4: Technical constraints of digital agriculture technologies adoption.

Adapted from Abbasi et al. (2022).

extensive research conducted in the area on ways to increase
rice production and yield. The successful implementation of
these technologies is constrained by several factors, despite the
benefits that accompany the adoption of these technologies in
the rice industry. The use of RiceAdvice as a digital agriculture
technology in the rice agriculture sector in the West Africa
Region, notably Nigeria, has recorded some gains towards
increasing rice food production [3]. Nonetheless, the adoption
and implementation of the RiceAdvice technology faced several
challenges/constraints, such as the cost of technology, access
to smartphone devices, the national rice digital technology
policy, and capital investment that derailed the successful
implementation of the technology. The result of adopting
the RiceAdvice technology demonstrated the capabilities for
improvement in rice production, better decision-making, and
increased profits for rice farmers after successful adoption and
implementation.

[4] Posit an improvement in rice food production with the
use of the Agriculture Innovation System (AIS) by Sierra Leone
smallholder rice farmers. The adoption and scale-up of the AIS
digital technology towards increasing rice food production is
challenged by poor internet services, digital literacy, and a poor
enabling environment.

[5] Posit that rice farmers use digital agriculture technologies
such as sensor technology, blockchain technology, artificial
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intelligence, and internet of things (IoTs) for monitoring
disease and pest infestations in their rice farms to prevent
rice yield loss. This is achieved through sensor technology
integration into the IoT systems to measure the quantity of
moisture and water content in the rice soil moisture for water
conservation and management to increase rice production.
However, the adoption and scale-up of these technologies is
challenged by digital literacy, the cost of infrastructure, capital,
and policies affecting rice production. [6] Complemented
[5] findings highlighting the capability of measuring the
variations in the growth of rice crops using remote sensing
technologies to increase rice production in the Global South
countries. Similarly, challenges such as capital investment and
digital literacy were identified as constraints to scaling up the
adoption of the remote sensing technology intervention.

Further, [7] posit that digital agriculture technologies
such as big data analytics and sensor technologies are used to
measure real-time information on water levels in rice soils,
monitoring water consumption, and weather forecast data
to plan for the rice farming season. This approach is termed
precision water management techniques that use these digital
agriculture technologies for soil data analysis of water levels
for timely decision making for rice farmers to conserve water,
increase rice crop yield, and manage water wastage. The scale-
up of these technologies in large rice farm fields is limited by
socio-economic and technical constraints of digital agriculture
technologies adoption, including the cost of digital technologies
and the enabling environment.

Method of study

The research study utilized the integrated literature review
to analyze the selected primary studies on the use of digital
agriculture technologies in the rice agriculture industry in
Global South countries within the period 2014-2024. Eight
(8) primary studies were selected for analysis and discussion
guided by the integrated literature review. The integrated
literature review method flowchart in Figure 5 illustrates how
literature was screened and summarized. The details of the
findings from the deduced primary studies are presented and
analysed in Table 1.
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Figure 5: Flowchart of the method approach using the integrated literature review.

Table 1: Digital Agriculture Technologies and Associated Benefits in the Rice
Farming Industry.

Publisher/ Digital Agriculture (:(:;:I Benefits of Rice
Author Names Technology o Farming
Sensor/Drone
Shanthi and 'te(.:hnologi'es, Sensor/Drorle
. Artificial Intelligence, : technologies with the
[8] Bhuvaneshwari India
(2021) andAUnmarmed use ofUAVs for pest
Aerial Vehicles and disease control
(UAVs)
Rice farmers collect
and analyse rice
Ambong information using
[9] (2022) Mobile phones Philippines mobile phones to make

informed decisions on
the best varieties of
rice seed.
Use of blockchain
technology to create
Malaysia  trust and transparency
of data in the rice
supply chain.
Smart irrigation to
monitor soil moisture

Blockchain

[10] ' Ibrahim (2023) technology

Ph t al. Internet of Thi
[11] am et al, nternet ot Things Vietnam and provide precise
(2021) (loT)
water to reduce water
waste using loTs
) Use ICCIS to provide
. Indonesia ) .
Sutardi et al., i information on water
[12] Crop Calendar Indonesia N .
(2022) . availability and climate
Information System o .
variability to rice
(Icclis)
farmers.
[13] Stuart et al., CROP + drum seeder  Thailand Us‘ed for So"_ .
(2018) analysis and fertilizer
(DS) technology o
application.
Use of mobile phones
Sala et al. : ) .
[14] (2018) Mobile Phones  SierraLeone  for market prices,
advisory services, or
product buyers.
These technologies
Intanetof et managemen
Odewole et al.,  Things—IoT, cloud . ) 9 X
[15] . Nigeria and increasing
(2024) computing, drone . )
rice production by
technology

preventing pests and
diseases.

Findings and discussions

The selected eight (8) primary studies were adopted using
the integrated literature review to examine digital agriculture
technologies adoption in Global South countries, the associated
challenges, and benefits in the rice agriculture industry to
increase rice production. The studies presented evidence of the
benefits and constraints associated with the adoption of digital
agriculture technologies and proposed some recommendations
to mitigate the constraints.

Digital agriculture technologies in the rice agriculture
industry

The findings of the selected primary studies presented
technologies including blockchain technologies, artificial
intelligence, and sensor technologies as widely adopted
technologies in Global South countries notably in Asian
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regions for pest and disease control for rice farmers [8],
[9-11]. In contrast, mobile phones are dominantly used for
receiving rice agriculture information for decision making in
Western Africa, excluding Nigeria, which differs from other
West African countries by using more advanced technologies
(IoT, Drones) instead of relying on mobile phones [12-15]. The
results demonstrate the gap in the adoption and advancement
of digital agriculture technologies such as sensor technologies,
unmanned aerial vehicles, and blockchain technologies for
timely decision-making in developing countries, notably
the West African region. This is evidently demonstrated in
the challenges/constraints of digital technologies adoption,
including digital literacy, cost of infrastructure, capital, and
policies [2].

The findings showed a similarity between smallholder rice
farmers in the Philippines and Sierra Leone on the use of mobile
phones despite being in different regions [9-14]. The mobile
phones are used by the smallholder rice farmers to collect
and analyze rice information to make informed decisions on
the best varieties of rice seed that are climate resistant, such
as drought. This demonstrates the importance of technology
transfer through the exchange of technology knowledge and
practices in the global south countries that can be shared for
the common advancement of digital agriculture technologies
adoption. Additionally, the results present an opportunity
to consider local context in the use of digital agriculture
technologies with recourse to the unique constraints of each
respective country in the Global South.

Comparative analysis of digital technologies adoption
and constraints by regions

For a better outlook of the digital technologies adoption
constraint by region, Table 2 presents the various constraints
and technologies adopted relative to the regions.

Benefits of digital agriculture technologies in the rice
agriculture industry

The findings presented a wide range of benefits and impacts
of digital agriculture technologies in the rice agriculture
industry. Some of the notable benefits are access to relevant
rice agriculture information, linkage to suppliers, digital
knowledge and skills, strategy partnerships in the rice value
chain, access to services, and access to customers and markets
[15]. Similarly, the findings indicate that the adoption of these
digital technologies improves rice crop management practices,
improves farmers’ capabilities, and decreases production
costs [9]. Smallholder rice farmers receive best rice farming

Table 2: A Comparative Analysis of Digital Technologies Adoption and Constraints
by Regions.

Digital Technologies Adopted

Middle = Sensor/Drone technologies, Artificial Intelligence

N k
East&  and Unmanned Aerial Vehicles (UAVs), Blockchain etwor

infrastructure and

Asian technology, Internet of Things (loTs), Indonesia .
) . digital illiteracy
Region Crop Calendar Information System (ICCIS),
West Digital lit t
.es Mobile phones, Internet of Things—IoT, cloud |g|'a lteracy, cos
African of infrastructure,

computing, and drone technology

Region capital, and policies

practices, such as fertilizer application, weather forecast, input
cost, and market information, amongst others, that support
timely decision making and rice crop management.

Additionally, the findings from [8] support [10] as the study
identifies the use of Artificial Intelligence and drone technology
for pest and disease control and weather forecasting. The result
is reflected in rice yield, which contributes to boosting quality
rice yield and productivity. The success of digital agriculture
technologies posited by [8] involves constant capacity building
on digital literacy and financial support in advancing the rice
farming sector. More critically, blockchain technology presents
a platform or channel to create data access, build data trust,
transparency, and reliability that is critical for the trust of the
rice farmers and other stakeholders in the rice value chain to
improve rice food production.

Implementation of digital technologies

This research study is a contribution to a larger deliverable
in a thesis on the digitalization of the rice agriculture industry
to address the issues of rice production in Global South
countries. As such, the realization of the implementation of
digital technologies will materialize as the research evolves in
the future. The research has demonstrated evidence of gaps
for advanced research to identify and recommend unique
digital technologies suited to Global South countries while
acknowledging their individual constraints and context relative
to enabling conditions.

Conclusions

To achieve and address the demands of rice production
in the Global South countries, it is important for an enabling
environment to be created for digital agriculture technologies
adoption regardless of the constraints. The research paper
identifies notable digital agriculture technologies adoption
in the rice agriculture industry, including big data analytics,
blockchain technologies, mobile phones, sensor technologies,
artificial intelligence, and Internet of Things (IoTs) that have
transformed rice food production. The paper indicates the wide
use of digital technologies such as sensing technology, drone
technology, and Artificial Intelligence (AI) in Global South
countries such as Malaysia, Nigeria, India, and Vietnam. Sierra
Leone and the Philippines were identified to adopt mobile
phones to access rice farming information for improvement in
rice production.

The use of digital technologies in Global South countries is
relative with respect to regions. These regions, including the
Middle East and Asian region, have advanced in addressing the
challenges confronting digital technologies, such as network
infrastructure, digital illiteracy, etc., while other regions
are making some efforts. As such, further research studies
are essential to suggest contextual remedies to mitigate
these constraints towards digital agriculture technologies
adoption in the Global South countries. This is important to
encourage developing countries to be resilient and innovative
in addressing these constraints of digital technology adoption
towards minimizing rice importation for self-sufficiency in
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rice production. Thus, this paper examined digital agriculture
technologies adoption in Global South countries and achieved
the objective of identifying digital technologies adopted in the
rice farming sector and the associated impact and benefit to
rice production.
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