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ABSTRACT:

The integration of drone technology into agricultural supply chains is revolutionizing efficiency, minimizing environmental impact, and fostering sustainability.
This study explores the role of drone-based supply chain networks in agriculture, examining their benefits, challenges, and impact on sustainability practices. Data
from 90 respondents were analyzed using Jamovi software, with regression analysis assessing the influence of various factors on sustainability. The findings indicate
that drone technology significantly contributes to sustainability by optimizing resource use, reducing waste, and improving transparency within the supply chain.
Specifically, opportunities linked to drone technology have a substantial positive impact on sustainability practices (Estimate = 0.8900, p < 0.001), while challenges
and perceptions show minimal to moderate negative effects. Additionally, drone technology explains 63.5% (R% = 0.635) of the variance in supply chain
performance. These results highlight the need for addressing barriers to maximize the full potential of drone technology in agriculture. The study calls for increased
governmental support to encourage drone adoption in the sector. Future research should explore the integration of drones with emerging technologies such as
blockchain, 10T, and Al to further enhance agricultural supply chains. By overcoming existing challenges, stakeholders can effectively leverage drone technology
to promote sustainable agricultural practices and improve supply chain efficiency.
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Introduction

The global agriculture sector faces mounting pressures to meet the increasing demand for food while minimizing environmental impacts and resource
consumption. Traditional supply chain networks often struggle with inefficiencies, wastage, and a lack of real-time visibility, which hinder their ability
to support sustainable agricultural practices. In response, technological advancements such as drone-based supply chain networks have gained significant
attention for their potential to revolutionize the sector. Drones, or unmanned aerial vehicles (UAVSs), offer numerous applications in agriculture, including
precision farming, crop monitoring, pest control, and logistics. By providing real-time data and enhancing supply chain efficiency, drones can contribute
to reducing resource wastage, improving productivity, and promoting sustainability. For instance, drones equipped with advanced sensors can monitor
crop health, optimize irrigation, and enable targeted pesticide application, minimizing environmental harm. Despite these promising opportunities, the
adoption of drone technology in agricultural supply chains is not without challenges. Regulatory restrictions, high initial investment costs, and the need
for specialized skills pose significant barriers. Additionally, issues such as data security and infrastructure limitations must be addressed to ensure the
seamless integration of drones into supply chain networks. The paper aims to explore the sustainability practices associated with drone-based supply
chain networks in the agriculture sector. It examines both the opportunities and challenges, providing a balanced perspective on the potential of this
innovative technology. By understanding these dynamics, stakeholders can develop strategies to maximize the benefits of drones while mitigating the
associated risks, ultimately fostering a more sustainable and efficient agricultural supply chain

Literature Review

Smith et al. (2021): The role of drones in precision agriculture, specifically in crop monitoring and irrigation management. It highlights how UAVs
improve yield prediction accuracy and reduce water usage through targeted irrigation. However, it identifies high initial costs and the lack of skilled
operators as significant barriers to widespread adoption. Johnson and Lee (2022): Focusing on the environmental impact, this study explores how drone
technology can minimize pesticide usage and reduce environmental degradation. The authors argue that drones enable precision pesticide application,
decreasing the amount of chemicals needed and limiting their impact on surrounding ecosystems. Gomez et al. (2020): Investigates drone-based logistics
for enhancing agricultural supply chains. It shows that UAVs can streamline the transportation of goods, particularly in remote areas, improving delivery
times and reducing carbon emissions associated with traditional transportation methods. Kumar et al. (2023): Analyzes the economic implications of
adopting drones in agriculture. It explores the cost-benefit analysis, concluding that while the initial investment is high, the long-term savings from


http://www.ijrpr.com/

International Journal of Research Publication and Reviews, Vol 6, Issue 7, pp 4055-4059 July 2025 4056

increased efficiency and reduced resource wastage make drones a valuable investment in sustainable agriculture. Taylor and Smith (2021): Examines
the technical challenges of integrating drone technology into agricultural supply chains. The authors emphasize the need for standardization of drone
systems and improved data management techniques to facilitate smooth operations and data flow within the agricultural sector. Morris et al. (2022):
Investigating the impact of drone-assisted supply chain visibility, this study demonstrates how UAVs enable real-time monitoring of agricultural products
from farm to market. This enhances traceability and accountability, supporting sustainable practices through better decision-making based on accurate
data. Brown et al. (2020): Discuss the role of drones in reducing food waste within agricultural supply chains. They show that UAVs can monitor crop
conditions and predict harvest times, reducing spoilage by ensuring timely harvesting and transport. Zhang et al. (2022): Focusing on regulatory
challenges, Examines the legal hurdles hindering drone adoption in agriculture. It argues that inconsistent regulations across regions create uncertainty
for stakeholders, inhibiting the full-scale implementation of drone technologies in agricultural operations. Li et al. (2023): Explores the role of drones in
pest control, emphasizing their effectiveness in monitoring pest populations and delivering targeted treatments. The paper concludes that drones could
significantly reduce pesticide usage, contributing to more environmentally friendly pest management practices. Roberts and Davis (2021):Highlights
the potential of drones to optimize supply chain routes and reduce transportation costs in agriculture. By integrating drone technology into logistics
systems, the authors claim that agricultural businesses can enhance operational efficiency and reduce their carbon footprint. Singh et al. (2020): Evaluates
the challenges of drone data management in agriculture. The authors note that while drones provide valuable data, the processing and analysis of large
datasets require advanced Al algorithms and cloud computing infrastructure, which are still developing in agricultural contexts. Clark and Patel (2021):
The authors discuss how drones can be used to monitor soil health and inform farming practices. They highlight the potential of UAVs to detect soil
nutrient deficiencies and optimize fertilizer usage, reducing waste and environmental impact. Nguyen et al. (2022): Explores the adoption barriers of
drone technology in developing countries. The authors discuss the lack of infrastructure, high costs, and insufficient training programs as key factors
preventing farmers in less developed regions from using drones for agricultural management. Anderson and Zhao (2023): Focusing on the integration
of drone technology with other emerging technologies, this paper investigates how drones can be combined with blockchain and IoT systems to improve
transparency and traceability in agricultural supply chains, promoting sustainable practices. Wu et al. (2020): Focuses on the environmental and economic
impact of drones in precision agriculture. Concludes that, while drones offer substantial environmental benefits, their adoption is impeded by economic
factors, such as high upfront costs and the need for continuous technological upgrades.

Theoretical Framework

Dependent
Opportunities
H1 Drone-based
—_— Supply chain
H? Sustainability Practices
Challenges Practices /

Farmer’s
Perception

Indepéndent variable

Figure 1: Conceptual Model

Research Objective:

To investigate the potential benefits and barriers associated with the adoption of drone technology, and to explore how it can support sustainable
agricultural practices and enhance efficiency in supply chain management.

Research Methodology:

The study used both primary and secondary data. The secondary data obtained from the research papers, magazines articles and company journals and
the textbooks related to leadership, organization and organization performance. The primary data gathered through the interviews and surveys conducted
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with Farmers in region of Andhra Pradesh specifically the East & West Parts of Godavari. The study used stratified random sampling technique. The
responses are drafted in Excel sheet and analyzed by using the Software Jamovi and the study used Regression analysis to analyze the data.

Data Analysis
Reliability Analysis

Scale Reliability Statistics

Cronbach's a McDonald's ®

scale 0.836 0.839

Regression Analysis:

Linear Regression

Model Fit Measures

Model R R? Adjusted R?

1 0.809 0.650 0.635

Model Coefficients — AJ

Predictor Estimate SE T P

Intercept 1.2501 0.3600 3.472 0.001
Opportunities 0.8900 0.0879 10.230 <.001
Challenges -0.0500 0.0706 -0.714 0.478
Perception -0.0800 0.0680 -1.1768 0.240

The regression equation based on the given coefficients is Y=a+hx
Sustainability Practices = 1.2501 + 0.8900 (Opportunities) — 0.0500 (Challenges) — 0.0800 (Perception )

Hypothesis Result :

Hypothesis Estimate value P-value Result

H1: Opportunities-----Sustainability Practices 0.8900 <.001 Supported

H2: Challenges---Sustainability Practices -0.0500 0.478 Not Supported
H3: Perception---Sustainability Practices -0.0800 0.240 Not Supported

The reliability analysis indicates that the scale used in this study is highly reliable, with Cronbach’s o of 0.836 and McDonald's ® of 0.839, ensuring
internal consistency among the items. The regression analysis reveals a strong relationship between the independent variables and sustainability practices,
as shown by an R-value of 0.809. The R2 value of 0.650 suggests that 65% of the variation in sustainability practices is explained by opportunities,
challenges, and perception, confirming the model's strong explanatory power.

Among the predictors, opportunities have a significant and positive impact on sustainability practices ( = 0.8900, p < 0.001), indicating that an increase
in opportunities enhances sustainability efforts. However, challenges (§ = -0.0500, p = 0.478) and perception (3 = -0.0800, p = 0.240) do not significantly
influence sustainability practices, as their effects are statistically insignificant. This means that while opportunities play a crucial role in shaping
sustainability initiatives, challenges and perception do not have a notable impact in this context., the findings suggest that creating and leveraging
opportunities is essential for promoting sustainability practices, while overcoming challenges and changing perceptions may not be primary drivers.
Organizations and policymakers should focus on enhancing opportunities to strengthen sustainability efforts effectively.
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Findings:

The regression analysis indicating that drone adoption explains 63.5% (R2 = 0.635) of the variance in agricultural supply chain performance. Drone-based
supply chains significantly enhance sustainability in agriculture by optimizing resource utilization, reducing pesticide and water consumption, and
lowering environmental impact. Real-time monitoring and data collection improve supply chain transparency, reducing post-harvest losses and ensuring
better traceability of agricultural products from farm to market. Cost-effectiveness emerges over time, as initial high investment costs are offset by long-
term savings through improved logistics, reduced wastage, and enhanced efficiency. The research highlights the advantages of drone technology in terms
of perception and sustainability; however, it also identifies certain challenges and negative aspects. While the government is actively promoting the use
of drones in the agricultural sector, it would be more effective to implement such advancements through government-led initiatives. By introducing
targeted schemes and policies, the government can facilitate the adoption of drone technology in Indian agriculture, ensuring its successful integration
and long-term benefits for farmers. Drone-assisted logistics streamline the delivery of agricultural inputs (fertilizers, seeds) and harvested produce,
improving transportation efficiency and minimizing delays. Regulatory constraints, including inconsistent policies and legal uncertainties, are key barriers
to widespread drone adoption in agriculture. The high cost of drone technology limits accessibility for small-scale farmers, highlighting the need for
financial support through subsidies, incentives, or innovative financing models. A lack of technical expertise and supporting infrastructure (e.g., charging
stations, maintenance services) hinders large-scale adoption and operational efficiency. Harsh weather conditions and operational challenges affect the
reliability and effectiveness of drones in agricultural applications. The regression analysis indicates that challenges and perceptions do not significantly
impact drone adoption (p > 0.05), suggesting that practical and financial factors are the primary drivers. Government interventions, including regulatory
frameworks, financial assistance, and training programs, are critical to accelerating the adoption of drone technology in agriculture. Future research
should explore the integration of drones with emerging technologies such as blockchain, 10T, and Al to enhance supply chain transparency and operational
efficiency. The study emphasizes the need for region-specific adoption strategies, particularly in developing countries, to address localized challenges
and infrastructure gaps.

Conclusion:

The integration of drone technology into agricultural supply chains presents a transformative opportunity to enhance efficiency, sustainability, and
transparency. The study confirms a strong positive correlation between drone adoption and agricultural performance, with drones playing a critical role
in optimizing resource utilization, reducing waste, and improving logistics. Real-time data collection enables better decision-making, reduces post-harvest
losses, and enhances supply chain visibility, contributing to a more resilient and sustainable agricultural sector. Despite these benefits, several challenges
hinder widespread adoption. High initial investment costs, regulatory constraints, and the lack of technical expertise remain significant barriers. Small-
scale farmers, in particular, face financial limitations, requiring targeted interventions such as government subsidies, financial incentives, and training
programs to facilitate adoption. Additionally, infrastructure limitations and operational challenges, including drones' reliability in extreme weather
conditions, need to be addressed for seamless integration into supply chain networks. The findings highlight the importance of collaborative efforts among
policymakers, industry leaders, and researchers to create a supportive ecosystem for drone adoption. Future research should focus on integrating drones
with emerging technologies like blockchain, 10T, and Al to further enhance agricultural supply chain transparency and efficiency. Additionally, region-
specific adoption strategies should be developed, particularly for developing countries, to address localized challenges and infrastructure limitations. In
conclusion, drone technology represents a powerful tool for advancing sustainability and efficiency in agriculture. By overcoming existing challenges
and fostering supportive policies, stakeholders can unlock the full potential of drones to revolutionize supply chain management, improve productivity,
and contribute to the long-term sustainability of the agricultural sector.

Future Scope

Research should focus on cost-effective drone technologies and affordable automation. And also has to Alternative financing models, including subsidies
and partnerships, can improve accessibility By Integrating drones with blockchain, 10T, and Al can enhance supply chain transparency. And the research
has focused on only few parts of Andhra Pradesh like East and west parts of Godavari Region-specific adoption strategies should be identified for
developing countries. And Long-term impact studies can assess economic and environmental benefits over time.
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