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Abstract:

The digital transformation of agriculture has become essential for enhancing productivity, sustainability, and
efficiency. This survey paper presents an overview of existing research and technologies related to smart
agricultural management systems, focusing on fertilizer distribution, labour allocation, and supply chain
optimization. The purpose of this study is to analyze current digital platforms and identify technological gaps
that hinder integration across agricultural operations. A systematic literature review was conducted using
databases such as IEEE Xplore, ScienceDirect, and Google Scholar, selecting studies published between 2015
and 2025 that emphasize lIoT-based monitoring, cloud computing, and data-driven decision-making in
agriculture. The survey reveals that while numerous systems exist for individual tasks like soil monitoring or
logistics, few provide a unified solution for end-to-end management. Major findings highlight the need for
interoperability, scalability, and user-friendly interfaces to promote adoption among farmers and stakeholders.
The results underscore the potential of integrated platforms like AgriNet which can streamline operations,
enhance transparency, and support sustainable farming practices

Keywords - Smart Agriculture, AI/ML Integration, Supply Chain Management, Resource Optimization,
Analytics & Dashboard, AI Recommendation

INTRODUCTION devices facilitate field-level data collection, while
Agriculture plays a crucial role in global food cloud infrastructures support large-scale data
security and economic development, yet it storage and analysis. Machine learning algorithms
continues to face persistent challenges related to further enhance decision-making by identifying
inefficient fertilizer management, unpredictable patterns and forecasting resource requirements.
labour availability, and fragmented supply chain Thus, agriculture serves as a

operations. With the growing population and critical application area where computer
climate variability, there is a rising demand for engineering principles can solve complex, real-
smarter, data-driven agricultural systems. The world problems, demonstrating how computational
integration of computer engineering technologies can optimize efficiency,
technologies—such as the Internet of Things (IoT), sustainability, and productivity in resource-driven
cloud computing, artificial intelligence (AI), and environments.

data analytics—has introduced transformative This survey is essential because existing
possibilities for modern agriculture. These agricultural management systems remain highly
technologies enable automation, real-time fragmented and lack integration across operational
monitoring, and predictive decision-making, layers. By synthesizing existing research, this
bridging the gap between traditional farming survey aims to  highlight technological
practices and smart agricultural ecosystems advancements, assess their limitations, and explore
Within the field of computer engineering, opportunities for developing unified agricultural
agricultural digitalization represents an platforms. Addressing these gaps is crucial for
interdisciplinary domain that merges embedded sustainable farming and achieving long-term food
systems, networking, and data analytics. IoT security.
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OBJECTIVES
The main objectives of this survey are:
1. To Ensure Efficient Management of
Deliveries and Optimized Routes
2. To ensure fair pricing and transparency
for farmers.
3. To provide timely delivery of fertilizers
and agricultural inputs
4. To Enable Farmers to Expand Their
Market Reach and Increase Profitability
5. To Support Secure, Cashless, and
Multiple Payment Options
6. To use Al-based recommendations for
better crop productivity.
7. To ensure timely and transparent
delivery of fertilizers and agricultural inputs
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8. To provide farmers with direct access to
authentic vendors

This survey focuses on digital solutions related to
agricultural resource management, emphasizing
fertilizer distribution, labour coordination, and
supply chain management. It reviews research
conducted between 2015 and 2025, covering IoT
architectures, cloud-based platforms, and data-
driven decision-support systems. The scope
excludes hardware-specific automation such as
robotics or drone technologies, instead
concentrating on software-oriented integration,
communication protocols, and data management
strategies that can enhance overall agricultural
efficiency.

LITARETURE REVIEW

SR.NO | TITLE AUTHOR YEAR SUMMARY

1. Edge Computing- | Y. Wang, Z. Liu, | 2024 Presents a model that integrates edge
Oriented Smart | et al. (Journal of computing and fuzzy neural networks for
Agricultural ~ Supply | Cloud smart agricultural supply chain
Chain Mechanism | Computing, management. Helps optimize supplier
with  Auction and | Springer) selection, logistics, and reduces delays
Fuzzy Neural
Networks

2. “Smart  Agriculture | R. P. Singh, K. | 2021 This paper discusses the integration of IoT
System Using IoT and | Sharma, and A. sensors and cloud platforms to monitor soil
Cloud Computing” Patel moisture, fertilizer usage, and weather data

in real-time. It emphasizes how digital
farming can improve crop productivity and
reduce wastage. The system enables farmers
to make data-driven decisions and access
agricultural resources remotely.

3. Technological Model | R.  Villanueva, | 2023 Introduces a big data—driven model for
Based on Big Data for | A. Guerrero, et agricultural supply chain management.
Good Supply Chain | al. IceMms, Focuses on data collection, analytics, and
Management in | ACM  Digital decision-making to improve product
Agribusinesses Library) distribution and reduce inefficiencies.

4. A Survey on Farmer- | Mehta, D. & | 2022 Reviews various agri-apps and emphasizes
Friendly Mobile | Joshi, R. the need for localized, multilingual solutions
Applications in India

5. Role of ICT in| Singh, R. & |2020 Discusses how digital tools can bridge the
Agriculture Sharma, P. gap between farmers and agricultural

services.
METHODOLOGY fertilizer distribution, labour management, and

Survey Design

The survey was designed to systematically explore
existing research and technological advancements
in smart agriculture, particularly focusing on
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agricultural supply chain systems. The structure
followed a systematic literature review (SLR)
format, ensuring transparency and reproducibility.
Selection criteria included relevance to digital
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agriculture, publication within the last ten years,
and peer-reviewed credibility. Major databases
such as IEEE Xplore, ScienceDirect, SpringerLink,
and Google Scholar were utilized to retrieve
literature.

Search strings included combinations of keywords
like “smart farming,” “agriculture supply
management,” “fertilizer automation,” “labour
scheduling,”,” and “Al-based farm management.”
Each paper was categorized based on research
focus, methodology, and technology type (cloud,
Al, ML, etc.) to identify dominant approaches and
existing gaps.

Data Collection

Data was collected through a structured and multi-
step process. Initially, abstracts and titles were
screened to filter out irrelevant content. In the
second stage, full-text articles were reviewed to
extract significant findings and methodologies.
Key information such as system architecture,
algorithms, datasets, and performance metrics
were recorded in a comparative matrix for analysis.
In addition to literature, secondary data from
agricultural reports, government portals (e.g.,
FAO, ICAR, and Ministry of Agriculture India),

SYSTEM ARCHITECTURE

and statistical databases were included to
understand real-world challenges and adoption
barriers. The collection process emphasized both
technological and socio-economic perspectives of
agricultural management.

Analysis Techniques

Collected data was analyzed using both qualitative
and quantitative techniques.

Qualitative  Analysis:  Involved  thematic
categorization of studies to identify common
research trends, recurring challenges (e.g.,
scalability, cost, and farmer accessibility), and
proposed solutions.

Quantitative Analysis: Involved comparing models
using key performance indicators such as
efficiency rate, resource utilization, and cost-
effectiveness. Statistical summaries were used to
evaluate the impact of emerging technologies (Al,
ML) in agricultural management.
Findings from both analyses were synthesized to
highlight research gaps and propose an integrated
architecture for the AgriNet platform, aiming to
unify fertilizer, labour, and supply management
under a centralized digital ecosystem.

FINDINGS
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The survey revealed that most recent research in
agricultural management focuses on digital
transformation through technologies such as IoT,
Artificial Intelligence (AI), Cloud Computing, and
Blockchain. These technologies are widely applied
to optimize fertilizer usage, predict crop yields,
automate irrigation, and improve labor efficiency.
However, a major finding is the lack of integration
among existing systems—most solutions address
isolated issues (e.g., fertilizer scheduling or labor
tracking) rather than offering a unified platform.
This highlights the need for an integrated and

centralized system like AgriNet, which can
manage all agricultural resources in one
framework.

Additionally, studies indicate that data-driven
decision-making significantly improves
productivity, but small and medium-scale farmers
face barriers such as limited digital literacy,
infrastructure cost, and network connectivity. This
demonstrates a technology gap between research
advancements and ground-level adoption.

The review identified several key trends in the
literature:

Increased adoption of I[oT for real-time farm
monitoring and automated control systems.

Al and Machine Learning are emerging for
predictive analytics, especially in fertilizer
optimization and labor scheduling.

Blockchain technology is gaining traction in
ensuring transparency and traceability in
agricultural supply chains.

Cloud-based platforms are being used to enhance
data sharing and remote management among
stakeholders.

Despite advancements, integration and
interoperability remain major challenges, as
existing tools often operate in silos.

There is a growing movement toward sustainability
and smart resource utilization, aligning with global
goals for sustainable agriculture.

The collective analysis emphasizes the necessity of
a centralized smart plattorm—such as AgriNet—
that consolidates various digital tools and provides
an end-to-end solution for managing fertilizer,
labor, and supply operations effectively.

DISCUSSION
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The findings indicate that digital technologies such
as IoT, AIl, and cloud computing are reshaping
agricultural management by improving efficiency,
reducing human error, and enabling data-driven
decision-making. However, the lack of integration
among these systems reduces their collective
impact. The proposed AgriNet framework
addresses this issue by unifying multiple
agricultural processes — fertilizer distribution,
labor allocation, and supply chain management —
into a single smart platform. This integration can
significantly improve resource optimization,
transparency, and real-time coordination in farm
operations.

Comparison with Existing Work

Existing research primarily focuses on domain-
specific solutions. For instance, some studies
emphasize loT-based smart irrigation or Al-driven
fertilizer recommendations, while others target
blockchain-enabled supply chain traceability. Very
few studies attempt to interconnect these domains.
Compared to previous work, AgriNet aims to
bridge this fragmentation by combining these
technologies under one digital ecosystem. This
approach aligns with recent trends in agro-
informatics integration and smart farming
platforms, expanding upon prior models by
promoting interoperability, centralized data access,
and automation at scale.

The results hold strong implications for both
practice and policy:

For Farmers: A centralized platform can simplify
farm operations, reduce dependency on manual
labor, and ensure timely access to resources.

For Policy Makers: Encouraging digital adoption
and subsidizing smart agricultural tools can
accelerate modernization in rural sectors.

For  Researchers: The identification  of
technological gaps offers opportunities for further
innovation in predictive analytics, automation, and
sustainable agriculture.

For Industry: Agri-tech startups and enterprises can
utilize these insights to design scalable,
interoperable  solutions tailored to regional
agricultural challenges.

LIMITATIONS
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While this survey provides a comprehensive
overview, a few limitations must be
acknowledged:

The review focused mainly on English-language
and peer-reviewed publications, potentially
excluding regional innovations or non-academic
solutions.

Quantitative meta-analysis was limited due to
inconsistent datasets and varied evaluation criteria
across studies.

Some databases may not have indexed all relevant
agricultural technology works, which could lead to
sampling bias.

The study primarily analyzes technological
frameworks rather than field-level implementation
outcomes.

Despite these limitations, the findings provide a
strong foundation for developing and validating the
proposed AgriNet platform, supporting its
relevance and applicability in modern precision
agriculture.

CONCLUSION

Significance

The study highlights the importance of digital
integration in achieving sustainable and data-
driven agriculture. AgriNet offers a unified
approach that can enhance resource utilization,
transparency, and decision-making, supporting
both farmers and policymakers in advancing smart
farming practices.

Future Work

Future research should focus on implementing and
testing the AgriNet prototype in real-world
environments. Further studies may explore
advanced analytics using Al, secure data exchange
through blockchain, and mobile-friendly interfaces
to make digital agriculture more accessible to
small-scale farmers.

This survey reviewed existing research on smart
agriculture technologies related to fertilizer
management, labor coordination, and supply chain
optimization. The findings show that IoT, Al,
cloud computing, and blockchain have improved
agricultural efficiency, but current systems are
often isolated. The proposed AgriNet framework
aims to integrate these components into one
centralized platform for better coordination and
productivity.
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