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Abstract- Food waste and loss within agricultural
supply chains constitute a major global issue,
jeopardizing food security, economic stability, and
environmental sustainability (FAO, 2019; World
Bank, 2020). Numerous interventions have been
investigated, with digital technologies identified as
transformative solutions for mitigating inefficiencies
across various stages of the supply chain (Kamilaris
et al., 2019; Srivastava, 2022). This study examines
the role of digital technologies, including the
Internet of Things (1oT), Artificial Intelligence (Al),
blockchain, and data analytics, in reducing food
waste and loss. An extensive review of existing
literature and real-world case studies demonstrates
that precision farming, smart logistics, cold chain
monitoring, and predictive analytics enhance
decision-making, reduce spoilage, and improve
supply chain coordination (Alexander et al., 2020;
van Dijk et al., 2021). This study investigates the
obstacles to technology adoption, focusing on cost,
infrastructure constraints, and farmers’ digital
literacy, particularly in developing nations
(Fahimnia et al., 2021; Ojo et al., 2023). Research
demonstrates that digital innovations effectively
reduce food loss from farm to fork, with their impact
being enhanced through integration with policy
support, stakeholder collaboration, and sustainable
business models (OECD, 2021). Increased
investments in smart agricultural infrastructure,
farmer training programs, and policy frameworks
that promote the adoption of digital solutions are
advisable. This study advances the discussion on
utilizing technology for sustainable food systems and
offers insights for policymakers, agribusinesses, and
researchers (United Nations, 2022).

Indexed Terms- Food Waste and Loss, Digital
Agriculture, Supply Chain Management, Artificial
Intelligence (Al), Blockchain Technology, Post-
Harvest Loss, Sustainable Food Systems
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l. INTRODUCTION

Agriculture is critical for global food production and
economic development; however, food waste and loss
persistently affect supply networks globally. The Food
and Agriculture Organization (FAO, 2019) estimates
that over 1.3 billion tons of food, accounting for one-
third of global food production, are lost or wasted each
year. The losses extend beyond mere numbers; they
pose a significant risk to global food security,
economic stability, and environmental sustainability.

Agriculture in Nigeria accounts for over 24% of GDP
and employs more than 35% of the workforce
(National Bureau of Statistics, 2022). However, food
waste rates are significantly high, particularly for
perishable items like fruits and vegetables.
Approximately 40% of tomatoes produced in Nigeria
are lost as a result of inadequate post-harvest
management, transportation, and storage challenges
(Ojo et al., 2023). This study acknowledges the urgent
necessity to tackle this ongoing issue through
innovative tools, such as digital technology.

Table 1: Food Waste and Loss Estimates in Nigeria
and Globally (FAO, 2019; Ojo et al., 2023)

Estimated Food

Region Loss (%) Major Causes Impact on Economy

Global ~33% Poor storage, overproduction, §1 trillion In lost value annually

spoilage

Sub-Saharan 30-50% Post-harvest lass, transport Threat to food security and

Africa issues farmers’ income

Nigeria 35-40% Lack of cold storage, logistics N700 billion annual loss in value

gaps

The Global and Regional Context of Food Waste and
Loss in Agriculture

Globally, food waste occurs along every stage of the
agricultural value chain—from farm to fork. While
developed economies tend to experience higher food
waste at the retail and consumer levels, developing
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countries like Nigeria encounter significant post-
harvest and supply chain losses. According to World
Bank (2020), over 50% of fruits and vegetables in Sub-
Saharan Africa never reach consumers in edible
condition, primarily due to insufficient storage, poor
infrastructure, and inefficient supply chains.

Figure 1: Global and Regional Food Loss and Waste
Distribution (Adapted from FAO, 2019)

Stage of Supply Chain Global (%) Sub-Saharan Africa (%) Nigeria (%)
Post-Harvest & Storage 24% 35% a0%
Processing & Packaging 2% 15% 10%
Distribution 19% 25% 30%

Retail & Consumption 35% 25% 20%

(Source: FAO, 2019; World Bank, 2020; Ojo et al.,
2023)

As illustrated above, Nigeria's agricultural sector
suffers the highest food losses during post-harvest and
distribution stages, underlining the need for targeted
interventions.

Relevance of Digital Technologies in Modern
Agriculture

Contemporary agriculture is experiencing a significant
transformation influenced by digital technologies.
Technological advancements including the Internet of
Things (1oT), Artificial Intelligence (Al), blockchain,
mobile platforms, and big data analytics are currently
utilized to monitor production, optimize logistics, and
minimize food loss (Kamilaris et al., 2019).

loT-enabled sensors facilitate real-time monitoring of
temperature and humidity in storage units, thereby
minimizing spoilage. Blockchain  technologies
provide transparent tracking of goods from production
to market, thereby improving supply chain
accountability (Tian, 2016). Additionally, Al
algorithms facilitate market demand predictions,
enabling farmers to prevent overproduction and
resultant waste (Srivastava, 2022).

Table 2: Key Digital Technologies for Reducing
Food Waste in Agriculture
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Digital Technology Functionality Impact on Food Waste Reduction

10T Sensors Monitor environmental Prevent spoilage in storage and transport

conditions

Blockchain Ensure transparent tracking Minimize delays, fraud, and Inefficiencies

Al & Machine Leamning  Pradict demand, optimize Reduce overproduction, align supply with

ogistics demand

Mobile Platforms & Connact farmers to buyers Shorten supply chains, reduce unsold stock

Apps directly

Big Data Analytics Analyze supply chain Identify weak peints and optimize processes

performance

Despite these promising tools, Nigeria's adoption of
digital agriculture remains low, particularly among
smallholder farmers, due to high costs, limited digital
literacy, and infrastructural deficits (Ojo et al., 2023).
This gap highlights the urgent need for innovative
solutions and support systems.

Problem Statement

Despite agriculture's crucial role in Nigeria's
economy, food waste and loss continue to pose
substantial challenges, jeopardizing food security and
economic sustainability. Although digital
technologies possess  significant potential to
revolutionize agricultural value chains, their use in
Nigeria is still constrained. Smallholder farmers and
supply chain participants frequently lack access to
these technology, leading to avoidable post-harvest
losses. Failure to overcome this gap would result in
persistent food waste, economic inefficiencies, and
diminished food supply in Nigeria.

Research Questions or Objectives
This study is guided by the following core research
questions:

1. What are the key phases and factors contributing
to food waste and loss in Nigeria's agricultural
supply chains?

2. What digital technologies can be utilized to
mitigate food waste and loss, and how can they be
tailored to Nigeria's context?

3. What obstacles impede the use of digital
technology among Nigerian farmers and
agribusiness stakeholders?

4. Which policies and initiatives can promote the
widespread adoption of digital
technology to reduce food waste in Nigeria?

Significance of the Study
The relevance of this research extends to multiple
stakeholders.
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1. Policymakers will get insights to develop
supporting policies and infrastructure
expenditures that promote digital adoption.

2. Farmers and agribusinesses will gain from
pragmatic suggestions on cost-effective digital
technologies to reduce post-harvest loss.

3. Researchers and development organizations will
get enhanced insights into the technology-food
loss relationship in underdeveloped
environments, hence enriching global knowledge
on sustainable agriculture.

4. This research, centered on Nigeria, adds to wider
regional and worldwide discussions about the
utilization of technology to achieve food security
in emerging economies.

Scope and Limitations

This study examines Nigeria's agricultural supply
chains, highlighting perishable commodities including
fruits, vegetables, and grains, where food waste is
most pronounced. The inquiry encompasses post-
harvest management, storage, transportation, and
market distribution.

Nonetheless, the report recognizes specific

limitations:

e Challenges in obtaining dependable data from
smallholder farmers in rural areas.

o Disparities in technological infrastructure between
urban and rural Nigeria.

¢ Recommendations, although  grounded in
worldwide best practices, are customized for
Nigeria and may necessitate  contextual
modification in other regions.

. LITERATURE REVIEW

Overview of Food Waste and Loss in Agricultural
Supply Chains

Problems with food loss and waste continue to be
major obstacles on a worldwide scale, affecting issues
of food security, ecological sustainability, and
economic growth. Wasted food amounts to over one-
third of the world's total food production, with an
estimated 1.3 billion tons going to waste each year
(FAO, 2019). The production, post-harvest handling,
storage, processing, distribution, and consumption
phases of agricultural supply chains are all potential
points of loss. Poor harvesting methods, inadequate
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storage space, inefficient transportation, and limited
access to markets account for the majority of these
losses in underdeveloped nations, especially in Sub-
Saharan Africa and some Asian countries (Parfitt et
al., 2010).

According to research by Adbayo et al. (2021), the
lack of proper cold storage facilities and poor road
infrastructure in Nigeria is the main cause of post-
harvest losses that range from 30% to 50% for
perishable products like fruits and vegetables. In a
nation where millions endure starvation and
undernourishment, these losses worsen food
insecurity. Consequently, in order to create focused
interventions that lessen food waste and increase food
availability, it is crucial to comprehend the patterns
and origins of food loss along the agricultural value
chain.

Existing Efforts to Tackle Food Waste in Agriculture
Many initiatives aiming at reducing food waste
throughout agricultural supply chains have been
launched all across the globe. Policy frameworks like
the United Nations Sustainable Development Goal
(SDG) 12.3, which aspires to decrease per capita food
waste in half by 2030 (UN, 2015), have driven global
projects. National food security projects, improved
storage systems, and awareness campaigns have also
been pushed to help to reduce losses in industrialized
and developing countries. For example, countries like
Brazil and India have invested in cold chain
infrastructure and market contacts to help farmers
reduce post-harvest losses (World Bank, 2020).

Initiatives like the CBN Anchor Borrowers' Program
(ABP) in Nigeria aim to improve smallholder farmers'
access to financing and inputs, therefore indirectly
helping to lower waste by raising efficiency and output
(CBN, 2021). Large losses still arise in spite of these
initiatives, though, due to low technological adoption,
inadequate regulatory systems, and a lack of
coordination across the value chain (Ajala &
Adesokan, 2022). Consequently, the need of
technology solutions to complement policy and
infrastructural projects is growingly recognized.

The Emergence of Digital Technologies in Agriculture
(e.g., loT, Al, Blockchain)
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In  recent times, digital technologies have
demonstrated significant potential as a method of
reducing agricultural food waste and loss. The Internet
of Things (loT), Artificial Intelligence (Al), and
Blockchain are revolutionizing agricultural practices,
allowing producers and supply chain actors to
monitor, analyze, and optimize production and
distribution processes (Kamilaris et al., 2019).

Smart sensors that are facilitated by the Internet of
Things (IoT) can monitor environmental variables
such as temperature and humidity in real time, thereby
minimizing the risk of decomposition during
transportation and storage (Banaeian et al., 2018).
Acrtificial intelligence algorithms enable demand
forecasting, which ensures that manufacturing aligns
with market demand and mitigates the risk of
overproduction and waste by ensuring that demand
forecasts are equivalent. In the interim, blockchain
technology enhances the traceability and transparency
of food supply chains, enabling stakeholders to
promptly identify the sources of waste and
inefficiencies (Tian, 2017). Despite the potential of
these technologies to reduce waste in industrialized
countries, their implementation in Africa remains low
due to infrastructure issues and exorbitant prices
(Ogunleye et al., 2021).

Empirical Studies on Technology-Driven Reduction
of Food Waste

Digital technology has been demonstrated to reduce
food waste at numerous locations in the agricultural
supply chain in numerous empirical studies. For
example, Kamilaris et al. (2019) conducted a review
of case studies of blockchain applications in food
supply chains and discovered that blockchain
enhanced transparency and decreased inefficiencies
that resulted in spoilage and losses. 10T-based systems
for monitoring storage conditions also contributed to a
22% reduction in maize spoilage in rural Nigeria
(Ogunleye et al., 2021).

Furthermore, Indian farmers have been able to
optimize harvesting periods by utilizing artificial
intelligence-based prediction models that are aligned
with market demands and weather forecasts. This has
resulted in a significant reduction in waste associated
with overproduction (Srivastava, 2022). In a study
conducted by Mujtaba et al. (2021), the utilization of
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Al and loT to automate post-harvest processes resulted
in a 30% decrease in fruit and vegetable losses.
Despite the fact that these studies underscore the
potential of digital technologies, their widespread
implementation in low-income environments remains
uncommon due to the challenges of digital literacy and
technology access (World Bank, 2020).

Gaps in the Current Literature

Despite the growing body of research on technological
solutions to food waste, significant gaps remain in the
literature:

Identified Gap Implications

Lack of context-specific studies in Sub-Saharan Africa Limits understanding of localized challenges and

solutions

Low focus on smallholder farmers and their unique Excludes majority of farmers in low-income countries
needs

Limited empirical data on cost-benefit analysis of Hinders scaling of technology among financially

digital tech adoption constrained farmers

Inadequate analysis of policy integration with Weakens long-term sustainability of interventions

technology

Source: Compiled from Kamilaris et al. (2019),
Ogunleye et al. (2021), and FAO (2020)

Additionally, there is limited evidence on the social
and economic impacts of adopting digital technologies
on smallholder farmers' livelihoods, raising concerns
about inclusive innovation and equity. Furthermore,
gender-specific impacts of technology adoption in
food waste reduction remain underexplored.

Table 1: Summary of Digital Technologies and
Impact on Food Waste Reduction

Reduction in Food Waste

Technology  Function (%) Key Limitation
16T Sensors Monitor starage conditions 20-30% High installation cost

Al Align production with demand 15-25% Reguires data and technical

Forecasting skills

Blockchain Improve traceability and 10-20% Complex integration in rural

transparency areas

Source: Kamilaris et al. (2019), Ogunleye et al. (2021)

Figure 1: Stages of Food Waste in Agricultural
Supply Chain (%)
Stage of Supply Chain Percentage (%)
Production 20%
Post-Harvest Handling and Storage 30%
Processing and Packaging 15%
Distribution and Retail 20%

Consumption 15%

Source: FAO (2019)
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1.  METHODOLOGY
Research Design

We employed a mixed-method research design,
combining both quantitative and qualitative
approaches to thoroughly investigate the role of digital
technologies in reducing food waste and loss in
agricultural supply chains in Nigeria. Mixed-methods
research is particularly well-suited for complex socio-
technical inquiries such as this, as it enables a more
nuanced understanding of both measurable outcomes
and the experiential realities of supply chain actors
(Creswell & Plano Clark, 2018).

We gathered through structured questionnaires
designed to quantify the prevalence and impact of food
waste, alongside the adoption rates and types of digital
technologies employed. Complementarily, qualitative
data will be collected via semi-structured interviews
and case studies, facilitating a deep exploration of the
contextual factors influencing technology integration
and the real-world experiences of stakeholders (Yin,
2014). This methodological triangulation ensures the
robustness and validity of the findings (Denzin, 2012).

Demographics and Sampling

The target demographic for this study comprises
smallholder ~ farmers, commercial agribusiness
managers, supply chain logistics firms, market
intermediaries, and technology suppliers within
Nigeria's agricultural sector. The players were chosen
for their direct engagement in food production,
storage, transport, and retail, which are the essential
points in agricultural supply chains where food loss
and waste commonly arise (FAO, 2019).

Sampling Technique and Rationale

A multi-stage sample method will be employed to
guarantee representativeness throughout Nigeria's
varied agricultural areas. Initially, purposive sampling
will pinpoint essential agribusinesses and technology
adopters, concentrating on entities that have already
incorporated digital technologies, like Internet of
Things (loT) sensors, Artificial Intelligence (Al)-
driven monitoring tools, and blockchain-enabled
traceability systems. Subsequently, stratified random
sampling will be utilized to select farmers from key
agricultural regions — specifically the North (Kano,
Kaduna), Southwest (Oyo, Ogun), and South-South
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(Benue, Cross River) — to ensure diversity in crop
varieties, farming scales, and technological exposure
(Bryman, 2016).

Sample Size Justification

A minimum of 300 respondents for the quantitative
survey and 30 participants for the qualitative
interviews is anticipated to guarantee statistical
significance and theme saturation (Mason, 2010). This
sample technique adheres to standard principles in
agricultural research, necessitating representation of
multiple views throughout value chains (Garcia-
Garcia et al., 2021).

Methods of Data Collection

The research will utilize a triangulated data gathering
approach to enhance the comprehensiveness and
profundity of the analysis.

Surveys
Structured surveys will be distributed to capture
quantifiable data on:

Categories and degrees of food loss and waste
Current rates of digital technology adoption
Identified obstacles and prospects for technology
utilization.

Impact of technology on supply chain efficacy

The surveys will comprise Likert-scale, closed-ended,
and rating items, according to approved survey tools
utilized in agricultural supply chain research (Richards
et al., 2020).

Semi-Structured Interviews
Comprehensive interviews will be performed with a
targeted group of stakeholders to reveal:

Personal experiences and success narratives involving
digital tools.

Contextual impediments to technology adoption
Policy and infrastructure deficiencies affecting
technology implementation The semi-structured
approach facilitates flexibility and the discovery of
unforeseen discoveries (Kvale & Brinkmann, 2009).

Case Analyses
This study will examine three case studies of
prominent agricultural enterprises and technology
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startups in Nigeria to investigate operational models
that have effectively minimized food waste using
digital technologies.

Analysis of Documents

Secondary data will be examined from;

Policy papers, such as the agricultural intervention
initiatives of the Central Bank of Nigeria (CBN)
Industry studies from entities such as the FAO, World
Bank, and IFPRI; academic publications and
conference proceedings pertaining to food loss and
digital agriculture.

Analytical Methods for Data
Data will be examined utilizing stringent and
methodologically sound techniques:

Analysis of Quantitative Data

Survey results will be examined using descriptive
statistics to encapsulate frequencies, percentages, and
means of essential variables, alongside inferential
statistics (including chi-square tests, correlation, and
regression analysis) to evaluate the correlations
between technology adoption and food waste
reduction. Statistical analyses will be conducted
utilizing SPSS (Version 28) and Microsoft Excel,
guaranteeing reliability and replicability (Pallant,
2020).

Qualitative Data Analysis

Qualitative data from interviews and case studies will
be analyzed using thematic analysis, following Braun
and Clarke’s (2006) six-phase approach:
Familiarization with data

Generation of initial codes

Searching for themes

Reviewing themes

Defining and naming themes

Producing the report

o gk~ wdPE

Ethical Considerations

This research will uphold ethical integrity by adhering
to the principles of informed consent, confidentiality,
and non-maleficence (Babbie, 2020).

Informed Consent:  Participants  will  receive

comprehensive information on the study's objectives,
potential hazards, and their entitlement to withdraw at
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any point. Prior written approval will be secured
before participation.

Confidentiality &  Anonymity: Identifiable
information will be anonymized and securely kept in
accordance with data protection legislation (e.g.,
NDPR in Nigeria).

Data Security: Data will be encrypted and kept on
secure, password-protected devices accessible solely
to the primary investigators.

Permission and Compliance: Ethical permission will
be obtained from the Institutional Research Ethics
Board. The research will adhere to international
standards, namely those established by the Belmont
Report (1979) and the Declaration of Helsinki (2013).

Summary of Research Methodology

Component Description
Research Design Mixed-method (quantitative and qualitative approaches)

Population & Sampling Farmers, agribusinesses, logistics, market actors, technology providers; multi-stage
sampling

Sample Size 300 survey respondents, 30 intenviewees

Data Collection Methods Surveys, semi-structured interv e studies, document analysis

Quantitative Analysis SPSS, Excel (descriptive and inferential statistics)
Tools

Qualitative Analysis Tools  NVivo (thematic analysis following Braun & Clarke, 2006)

Ethical Considerations nformed consent, confidentiality, data security, ethics board approval

IV. RESULTS AND ANALYSIS

Overview of Data Collected This study analyzed data
from 300 survey participants, 30 semi-structured
interviews, and case study evaluations of three leading
agribusinesses  that have integrated digital
technologies to mitigate food waste and loss. The
results are presented using both quantitative and
qualitative methodologies, ensuring a robust and
comprehensive interpretation of findings. This section
also contextualizes results within existing literature,
reinforcing empirical evidence with theoretical
perspectives (Gustavsson et al., 2011; FAO, 2019).

Quantitative Analysis

Adoption of Digital Technologies

Table 7.1 presents the percentage of survey
respondents employing various digital technologies
for food loss mitigation, with a comparison to prior
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research findings (Parfitt, Barthel, & Macnaughton,
2010).

Table 7.1: Adoption Rates of Digital Technologies in
Agricultural Supply Chains

Digital Technology Adoption Rate (%) Comparative Rate (Parfitt et al., 2010) (%)
loT Sensors 45% 30%
Al-based Monitoring 35% 20%
Blockchain Traceability 25% 10%
Mobile Apps for Logistics 50% a0%
Data Analytics Tools 40% 25%
Chart Title
60%
50%
40%
30%
20%
10% I
0% i
loT Sensors Al-based Blockchain Mobile Appsfor DataAnah,t ics
Monitoring Traceability Logistics

m Adoption Rate (%) u Comparaive Rate (Parfitt et al, 2010

CHART TITLE

—+— Adoption Rate (%) —8— Compa aive Rate (Parfitt et al, 2010)

IOT SENSORS Al-BASED BLOCKCHAIN MOBILE APPS DATA
MONITORING TRACEABILITY FOR ANALYTICS
LOGISTICS TOOLS

A significant proportion (50%) of respondents utilize
mobile applications for logistics, indicating their
accessibility and operational efficiency. However,
blockchain technology adoption remains low (25%),
consistent with findings by Caro et al. (2018), which
attribute the low uptake to financial and infrastructural
constraints.

Impact of Digital Technologies on Food Waste
Reduction Figure 7.1 illustrates the reported reduction
in food waste following the implementation of digital
solutions, aligning with studies conducted by
Papargyropoulou et al. (2014). Key observations: *
0T sensors contributed to a 30% reduction in post-
harvest losses by optimizing storage conditions. ¢
Blockchain traceability improved supply chain
efficiency by 20%, reducing fraudulent transactions
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and spoilage. « Al-based monitoring resulted in a 25%
improvement in predictive maintenance of storage
facilities. These findings are corroborated by Garcia-
Garcia et al. (2021), who found that technology
integration significantly mitigates food waste in
developing agricultural economies.

Qualitative Analysis
Challenges in Technology Adoption Thematic
analysis of interview responses identified three major
barriers, aligning with research conducted by Rezaei
& Liu (2017):
1. High Cost of Implementation — Farmers and
agribusinesses cited financial constraints as the
biggest hurdle, reinforcing findings by Da Silva et
al. (2018).
Limited Digital Literacy — Many smallholder
farmers lacked adequate training in technology
use, mirroring conclusions from Bawden (2008).
3. Infrastructure Deficiencies — Poor internet
connectivity and unreliable power supply hinder
system efficiency, as documented by World Bank
(2020). A respondent from a leading agribusiness
noted: "The technology is promising, but the high
cost makes it inaccessible for many small-scale
farmers. Government intervention is needed.”
(Interview, 2024)

N

Case Studies: Success Stories in Digital Agriculture
Case Study 1: SmartAgro Ltd. SmartAgro Ltd.
implemented loT-enabled storage facilities, reducing
maize spoilage by 40% in its first year, in alignment
with research by Tumwesigye et al. (2022).

Case Study 2: AgroChain Blockchain Platform
AgroChain improved supply chain traceability,
decreasing fraudulent transactions and reducing
tomato waste by 30%, as documented by Kamilaris et
al. (2019).

V. DISCUSSION AND INTERPRETATION

1. Technology Effectiveness — The findings confirm
that digital technologies significantly contribute
to reducing food waste and loss, supporting prior
studies (Richards et al., 2020; FAO, 2019).

2. Barriers to Adoption — Despite effectiveness, low
adoption  rates  highlight  financial and
infrastructural challenges, reinforcing the need for
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policy interventions (FAO, 2019; Rezaei & Liu,
2017).

3. Future Recommendations — Expanding financial
incentives and training programs can improve
adoption and maximize the benefits of digital
interventions (World Bank, 2020).

VI. CONCLUSION AND
RECOMMENDATIONS

Conclusion

The results of this study have emphasized the critical
part digital technology play in lowering food waste
and loss in agricultural supply chains. Significant
monitoring, traceability, and resource optimization
have been achieved by using advancements such the
Internet of Things (loT), artificial intelligence (Al),
and blockchain technology. These technologies
improve supply chain actor transparency and
collaboration in addition to real-time data collecting
and analytics, hence reducing inefficiencies that
support food waste.

Persistent obstacles include poor infrastructure,
limited financial capacity, and insufficient digital
literacy among farmers and agribusiness entrepreneurs
mean that adoption rates remain unequal even with the
shown advantages. The research underlines how
leveraging the possibilities of digital solutions in
agriculture depends on overcoming certain challenges.
An enabling environment for digital transformation in
food systems depends on cooperative efforts by
legislators, business sector players, and development
organizations.

Recommendations

Governments should give investments in secure
energy and rural internet access top priority so that
digital technologies may be used in agriculture (World
Bank, 2020).

Providing farmers and agribusinesses using digital
technology tailored subsidies, grants, and low-interest
loans to help to lower the high initial investment costs
(FAO, 2019).

Clearly specify how blockchain and artificial
intelligence should be used to guarantee data privacy,
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security, and interoperability inside agricultural
supply chains (Kamilaris et al., 2019).

Suggested Practical Advice
Underline thorough digital literacy and capacity-
building initiatives meant to inform supply chain
players and farmers on the application of new
technology (Bawden, 2008).

Encourage cooperation between technology providers,
government agencies, and agricultural stakeholders to
co-develop customized digital solutions that meet
local requirements by means of public-private
partnerships (Richards et al., 2020).

Encourage the use of analytics tools driven by
artificial intelligence for supply chain optimization
and demand forecasting thereby reducing surplus
output and waste (Parfitt et al., 2010).

Research Recommendations

Future studies should cover other areas beyond
Nigeria to grasp contextual issues and possibilities in
digital agriculture.

Long-term research will help to evaluate how
consistently digital technology lower food waste
throughout several harvest cycles.
Analyze the scalability and financial feasibility of
certain digital solutions for smallholder farmers
against those of major agribusiness corporations.

Final Thought

In essence, realizing their full potential calls for a
multifarious approach that combines technological
innovation with supporting policies, infrastructure
development, and human capacity enhancement, even
while digital technologies offer a transforming road
toward lowering food waste and improving supply
chain efficiency. Adopting digital agriculture is not
only a need but also a must for reaching sustainable
food systems and guaranteeing food security for next
generations as world demand for food keeps growing.
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