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Indian agriculture, the cornerstone of the nation’s economy; is increasingly constrained by declining 
productivity, labor shortages, and the impacts of climate change. Traditional, labor-intensive farming 
methods, particularly in staple crops like paddy, limit scalability and economic efficiency. This study 
investigates the transformative potential of drone technology (unmanned aerial vehicles or UAVs) in modern 
agriculture by comparing its adoption to conventional practices. Focusing on a sample of 100 UAV-adopting 
farmers and 140 conventional farmers in West Bengal, the research highlights significant economic and 
operational advantages. Results indicate that UAV-assisted farming increases economic efficiency by 
approximately 88%, reduces cultivation costs by about 32%, and enhances farmer incomes by 41–45%. 
These improvements are attributed to precise resource management, reduced wastage, and targeted 
interventions, which optimize the application of water, fertilizers, and pesticides. Despite these benefits, 
barriers such as high initial costs, lack of technical expertise, and regulatory challenges hinder widespread 
adoption, particularly among smallholders. This study bridges a critical research gap by providing a detailed 
economic analysis of UAV adoption in Indian agriculture. It underscores the need for targeted policy 
interventions, including subsidies, training programs, and technology access initiatives, to unlock the full 
potential of UAVs and promote sustainable agricultural practices. 
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1. INTRODUCTION

Agriculture is the backbone of the Indian economy, contributing 
approximately 19.9% to the national Gross Domestic Product (GDP) and 
employing nearly 45% of the workforce (Ministry of Agriculture and 
Farmers Welfare, 2023). As one of the world's largest producers of rice, 
wheat, and pulses, India faces the daunting challenge of sustaining food 
security for a population exceeding 1.4 billion while addressing resource 
scarcity, climate variability, and declining productivity. In this context, 
innovative technological interventions have become imperative to 
modernize the sector and achieve sustainable agricultural practices 
(Reddy et al., 2022). 

1.1 Challenges in Indian Agriculture 

India’s agricultural sector is characterized by smallholder dominance, 
with 86% of farmers owning less than two hectares of land (National 
Sample Survey Office [NSSO], 2021). This fragmentation exacerbates 
inefficiencies in resource management, particularly in paddy cultivation, 
which accounts for 25% of the country's total agricultural production 
(Food and Agriculture Organization [FAO], 2022). Traditional farming 
practices, including manual application of inputs such as water, fertilizers, 
and pesticides, result in significant resource wastage, higher costs, and 
inconsistent yields (Sharma et al., 2023). Additionally, labor shortages, 
driven by urban migration and increasing rural-to-urban transitions, 
further compound these challenges (World Bank, 2023). The 
environmental impact of conventional agriculture is another pressing 
concern. Excessive use of fertilizers and pesticides contributes to soil 
degradation, water contamination, and greenhouse gas emissions (Gupta 
and Lal, 2023). The urgency to address these multifaceted issues has 
propelled the search for advanced solutions, such as precision agriculture 

technologies. Among these, Unmanned Aerial Vehicles (UAVs), commonly 
referred to as drones, have emerged as a promising tool for 
revolutionizing farming practices. 

1.2 UAVs in Agriculture: A Transformative Technology 

UAVs have garnered significant attention for their ability to enhance 
agricultural productivity through precision, efficiency, and sustainability. 
Equipped with advanced imaging sensors and artificial intelligence (AI) 
capabilities, drones facilitate real-time data collection on crop health, soil 
conditions, and pest infestations (Patel et al., 2023). This granular data 
enables farmers to make informed, site-specific decisions, optimizing the 
application of inputs and reducing resource wastage. Moreover, drones 
are increasingly integrated with machine learning algorithms to predict 
crop yield, monitor plant diseases, and manage irrigation (Kumar et al., 
2023). In West Bengal, a state with diverse agro-climatic zones and a 
strong reliance on paddy cultivation, the potential of drones to address 
regional agricultural challenges is immense. A study highlights that UAV-
assisted farming can increase yield by up to 15% in areas prone to 
waterlogging and pest outbreaks (Chatterjee et al., 2023). Additionally, 
UAVs facilitate operations in hard-to-reach terrains, reducing dependency 
on manual labor and improving safety standards (Basu et al., 2023). 
Despite these advantages, the adoption rate of drones in Indian agriculture 
remains low, primarily due to high initial investment costs, lack of 
technical expertise, and regulatory constraints (Singh and Kaur, 2023). 

1.3 Economic Impacts of UAV Adoption 

Economic efficiency is a critical parameter in evaluating the viability of 
UAVs in agriculture. Recent studies have demonstrated that drone-
assisted farming can enhance economic efficiency by approximately 88%, 
reduce cultivation costs by 32%, and increase farmer incomes by 41–45% 
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(Patel et al., 2023). These gains are attributed to the targeted application 
of inputs, minimizing wastage, and improving yield quality. For instance, a 
comparative analysis conducted in West Bengal showed that UAV farmers 
achieved a net income of INR 17,782.5 per acre compared to INR 11,376.8 
per acre for conventional farmers (Chatterjee et al., 2023). Moreover, 
drones offer a cost-effective alternative to traditional methods such as 
manual scouting and satellite imagery. Unlike satellite data, which is often 
limited by resolution and weather conditions, drones provide high-
resolution, real-time images at a fraction of the cost (Rathore et al., 2023). 
This affordability is particularly beneficial for smallholder farmers, who 
operate under tight economic constraints. 

1.4 Environmental and Social Dimensions 

Beyond economic benefits, UAVs play a pivotal role in promoting 
environmental sustainability. By enabling precision agriculture, drones 
reduce the overuse of fertilizers and pesticides, mitigating soil and water 
contamination (Gupta and Lal, 2023). Additionally, UAVs support water 
conservation through precision irrigation techniques, which are crucial 
for water-stressed regions such as the Sundarbans delta in West Bengal 
(Basu et al., 2023). On the social front, UAV technology addresses the issue 
of labor shortages by automating tasks such as crop spraying, seeding, and 
health monitoring. This automation not only reduces labor costs but also 
minimizes health risks associated with the manual handling of 
agrochemicals (Sharma et al., 2023). Furthermore, the use of drones can 
empower women farmers, who often face physical constraints in 
performing labor-intensive tasks (Reddy et al., 2022). 

1.5 Barriers to UAV Adoption 

Despite their transformative potential, UAVs face several barriers to 
adoption in Indian agriculture. The high initial investment cost, ranging 
from INR 1.5 to 5 lakhs per drone, poses a significant challenge for small 
and marginal farmers (Kumar et al., 2023). Additionally, the lack of 
technical expertise and training programs limits the effective utilization of 
drone technology (Singh and Kaur, 2023). Regulatory hurdles, including 
complex approval processes and restrictions on drone operations, further 
impede widespread adoption (Government of India, 2023). Addressing 
these barriers requires targeted policy interventions. Subsidies and 
financial assistance programs can make drone technology more accessible 
to smallholders. For example, the Pradhan Mantri Fasal Bima Yojana 
(PMFBY) could be expanded to include UAV-based solutions for crop 
monitoring and insurance assessments (Ministry of Agriculture and 
Farmers Welfare, 2023). Furthermore, partnerships between academic 
institutions, private sector players, and government agencies can facilitate 
the development of cost-effective, user-friendly drones tailored to the 
needs of Indian farmers (Patel et al., 2023). 

1.6 Significance 

This study aims to bridge the knowledge gap by providing a 
comprehensive analysis of the economic, environmental, and social 
impacts of UAV adoption in agriculture. Focusing on 100 UAV-adopting 
farmers and 140 conventional farmers in West Bengal, the research 
evaluates the efficiency, profitability, and constraints associated with 
drone-assisted farming. By integrating advanced analytical tools such as 
Data Envelopment Analysis (DEA) and Response-Priority Index (RPI), the 
study provides actionable insights for policymakers, practitioners, and 
researchers. 

Overall, UAVs represent a transformative opportunity to address the 
multifaceted challenges of Indian agriculture. Their potential to enhance 
efficiency, reduce costs, and promote sustainability underscores their 
importance in the broader context of agricultural modernization. 
However, realizing this potential requires overcoming adoption barriers 
through targeted interventions and collaborative efforts. As India strives 
to achieve food security and climate resilience, UAVs stand poised to play 
a critical role in shaping the future of agriculture. 

2. LITERATURE REVIEW

The use of Unmanned Aerial Vehicles (UAVs) in agriculture has emerged 
as a transformative innovation, addressing inefficiencies in traditional 
farming methods and promoting sustainability. This section synthesizes 
findings from global and Indian studies to evaluate UAVs' impact on 
economic efficiency, environmental sustainability, and social outcomes in 
agriculture, with a specific focus on paddy cultivation. 

2.1 UAVs in Precision Agriculture 

UAVs have become an integral component of precision agriculture, 
offering real-time, high-resolution data for farm management. A group 
researcher emphasized that UAVs equipped with imaging sensors enable 
site-specific management of crops by monitoring health, pest infestations, 

and soil conditions (Barbedo, 2019; Zhang and Kovacs, 2012). UAVs 
facilitate targeted interventions, reducing the overuse of inputs and 
improving crop yields. A group researcher highlighted that UAV 
technology reduces manual labor dependency and enhances resource 
efficiency in smallholder farming (Pathak et al., 2021). This is particularly 
relevant in India, where over 86% of farmers operate on fragmented 
landholdings (NSSO, 2021). A study underscored UAVs’ integration with 
remote sensing technologies and machine learning algorithms, enabling 
predictive analytics for crop health and yield estimation (Mulla, 2013). A 
group researcher reported that UAVs increased economic efficiency in 
paddy cultivation by optimizing input use, minimizing wastage, and 
reducing operational costs (Patel et al., 2023). In West Bengal, UAV-
assisted farming has demonstrated significant potential. A study observed 
a 15% increase in paddy yield in UAV-adopting farms, emphasizing their 
effectiveness in regions prone to waterlogging and pest outbreaks (Hosen 
et al., 2023). Some researchers noted that UAVs automate critical 
agricultural tasks, improving operational precision while addressing labor 
shortages (Rathore and Wright, 2018). 

2.2 Economic Efficiency 

Economic efficiency is a critical determinant of UAV adoption in 
agriculture. Studies documented that UAV-assisted farming significantly 
reduces input costs while increasing profitability (Singh and Patel, 2021; 
Galluzzo, 2013). A group researcher observed that UAV farmers achieved 
an average efficiency score of 0.88, compared to 0.67 for conventional 
farmers (Patel et al., 2023). A group researcher demonstrated that UAV 
adoption reduced cultivation costs by 32%, enabling farmers to save on 
labor, pesticides, and fertilizers (Basu et al., 2023). Furthermore, UAV 
farmers in West Bengal earned net incomes of INR 24,500 per acre, 
compared to INR 17,300 per acre for conventional farmers. These 
findings align with who emphasized the importance of efficiency in 
agricultural profitability (Charnes et al., 1978; Latruffe, 2010). However, a 
study noted that high initial costs of UAVs, ranging from INR 1.5 to 5 lakhs, 
deter adoption among smallholders (Kumar et al., 2023). Subsidy 
programs and financial assistance, as suggested by the are essential to 
make UAVs more accessible (Ministry of Agriculture and Farmers Welfare, 
2022). 

2.3 Environmental Sustainability 

UAVs contribute significantly to environmental sustainability by 
promoting the efficient use of natural resources. A study highlighted their 
ability to mitigate soil degradation and water contamination through 
precision input application (Gupta and Lal, 2023). A group researchers 
observed that UAV-assisted irrigation reduced water usage by 25–30%, 
making it a valuable tool in water-scarce regions (Zhang et al., 2022). Some 
researchers reported that UAVs reduced pesticide application by 28%, 
minimizing chemical runoff and its associated environmental risks 
(Hafeez et al., 2023). Additionally, emphasized that UAVs lower 
greenhouse gas emissions by replacing heavy machinery with lightweight, 
energy-efficient drones (Rathore and Sharma, 2023). These findings 
position UAVs as a sustainable alternative to conventional farming 
methods. 

2.4 Social Impacts 

The adoption of UAVs has notable social implications, particularly in 
addressing labor shortages and empowering marginalized groups. Rural 
labor availability has declined due to urban migration (World Bank, 2023). 
UAVs address this challenge by automating labor-intensive tasks such as 
crop spraying, seeding, and health monitoring, thereby reducing labor 
dependency by 40% (Hosen, 2023). A study highlighted that UAVs 
empower women farmers, who often face physical constraints in 
performing manual agricultural tasks (Reddy et al., 2022). Automation 
through drones not only enhances productivity but also improves safety 
standards by minimizing exposure to harmful chemicals (Basu et al., 
2023). 

2.5 Barriers to UAV Adoption 

Despite their advantages, UAV adoption faces significant barriers. High 
initial investment costs remain the most critical constraint, as noted 
(Kumar et al., 2023). A researchers identified regulatory challenges, 
including complex approval processes and restrictions on drone 
operations, which hinder widespread adoption (Singh and Kaur, 2023). 
The lack of technical expertise among farmers is another significant 
hurdle. A study emphasized the importance of capacity-building programs 
to improve farmers’ ability to operate and maintain UAVs (Rathore and 
Sharma, 2023). A group researcher suggested that partnerships between 
government agencies, private companies, and academic institutions could 
facilitate the development of cost-effective and user-friendly UAV 
solutions tailored to local needs (Patel et al., 2023). 
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The literature highlights UAVs’ transformative potential in agriculture by 
enhancing economic efficiency, promoting sustainability, and addressing 
labor challenges. However, barriers such as high costs, regulatory 
constraints, and limited technical expertise must be addressed to realize 
their full potential. The findings underscore the need for policy 
interventions, financial support, and skill development initiatives to 
promote UAV adoption in regions like West Bengal, where smallholder 
farming dominates. 

2.6 Research Gap 

Despite growing interest, limited research comprehensively addresses the 

economic impacts of UAVs in smallholder-dominated agricultural 

landscapes like India. Most studies focus on technical capabilities or large-

scale farming contexts, neglecting nuanced economic analyses for crops 

like paddy that form the backbone of Indian agriculture. Additionally, 

there is insufficient exploration of regional variations, such as the 

constraints faced in states like West Bengal, where small landholdings 

dominate. 

This study addresses these gaps by analyzing the efficiency, profitability, 

and barriers to UAV adoption in paddy cultivation in West Bengal. By 

integrating economic and practical perspectives, it seeks to provide 

actionable insights for policymakers and practitioners. 

2.7 Objectives 

• To assess the economic efficiency of UAVs compared to conventional 
farming methods in paddy cultivation. 

• To evaluate the impact of UAV adoption on farm profitability and 
income levels. 

• To identify key barriers to UAV adoption and suggest strategies for 
overcoming them. 

• To explore the potential role of UAV technology in achieving 
sustainable agricultural practices. 

2.8 Hypotheses 

• Adoption of UAV technology significantly enhances the economic
efficiency of farming. 

• UAV-assisted farming reduces cultivation costs compared to 
conventional methods. 

• Farmers adopting UAV technology experience a substantial increase 
in income levels. 

Constraints such as high costs and lack of expertise contribute to limited 
UAV adoption. 

3. MATERIALS AND METHODS

3.1 Study Area 

The study was conducted in the Uttar and Dakshin Dinajpur districts of 

West Bengal, regions characterized by high dependence on paddy 

cultivation, fragmented landholdings, and moderate adoption of advanced 

farming technologies. These districts represent a microcosm of the 

challenges and opportunities in Indian smallholder agriculture. The 

districts' geographical and climatic conditions make them ideal for 

studying the impact of UAV-assisted farming on paddy cultivation. 

3.2 Sampling Design 

A multistage sampling method was employed to select representative 
farmers. 

• Stage 1: Districts were chosen based on agricultural intensity and 
UAV usage. 

• Stage 2: Villages within these districts were selected based on UAV 
adoption and conventional farming practices. 

• Stage 3: Farmers were categorized into two groups:

o 100 UAV-Adopting Farmers: Using drones for spraying, 
monitoring, and other precision agriculture activities. 

o 140 Conventional Farmers: Utilizing traditional methods,
including manual labor and basic mechanization. 

Table 1 summarizes the key demographic and operational characteristics 
of the sample population. 

Table 1: Sample Population Characteristics 

Parameter 
UAV Farmers (n = 

100) 
Conventional Farmers 

(n = 140) 

Average 
Landholding 

(acres) 
3.1 2.9 

Average Age 
(years) 

42 52 

Literacy Rate 
(%) 

72 54 

3.3 Data Collection 

3.3.1 Primary Data 

Structured interviews and field surveys were conducted with farmers to 
collect data on: 

• Input costs (e.g., seeds, fertilizers, pesticides).

• Labor and operational costs.

• Crop yields and net incomes.

• Barriers to UAV adoption.

3.3.2 Secondary Data 

Supplementary data were sourced from government reports, agricultural 
extension services, and published research articles to ensure 
comprehensive analysis. 

3.4 Data Analysis Framework 

3.4.1 Economic Efficiency Analysis 

The Data Envelopment Analysis (DEA) model was applied to evaluate 
technical and economic efficiency. DEA assesses the efficiency of decision-
making units (farmers) by comparing input-output ratios, identifying 
those on the efficiency frontier. Inputs included labor, fertilizers, 
pesticides, and UAV operational costs, while the primary output was 
paddy yield per acre. 

Table 2: Inputs and Outputs for DEA 

Inputs Outputs 

Labor Costs Paddy Yield 

Pesticide Usage Net Income 

Fertilizer Costs 

3.4.2 Graphical Representation 

A scatter plot (Figure 1) was generated to visualize the efficiency frontier, 
comparing UAV and conventional farmers. 

3.4.3 Comparative Analysis of Costs and Incomes 

A two-sample t-test was performed to test the hypothesis that UAV 
farmers achieve higher profitability and lower costs. Results indicated 
significant differences between the two groups: 

• Reduction in Cultivation Costs: UAV-assisted farming reduced costs 
by approximately 32%. 

• Increase in Income: UAV farmers reported an income increase of 41-
45%. 

Table 3: Cost and Income Comparison 

Parameter 
UAV Farmers 

(₹/acre) 
Conventional 

Farmers (₹/acre) 
% 

Difference 

Total Costs 8,400 12,400 -32% 

Net Income 24,500 17,300 +41% 

3.4.4 Graphical Representation 

A bar chart (Figure 2) illustrates the cost and income differences. 

3.4.5 Adoption Barriers: Response Priority Index (RPI) 

The constraints to UAV adoption were analyzed using the Response 
Priority Index (RPI), calculated as: 

RPI=Σ(Frequency of Responses×Priority Score)Total ResponsesRPI = 
\frac{\Sigma (\text{Frequency of Responses} \times \text{Priority 
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Score})}{\text{Total 
Responses}}RPI=Total ResponsesΣ(Frequency of Responses×Priority Sco
re) 

Key constraints identified included high initial costs (RPI = 0.78), lack of 
technical knowledge (RPI = 0.65), and regulatory challenges (RPI = 0.54). 

Table 4: Barriers to UAV Adoption (RPI Values) 

Barrier Frequency Priority Score RPI 

High Costs 78 5 0.78 

Technical Knowledge 65 4 0.65 

Regulatory Challenges 54 3 0.54 

3.4.6 Graphical Representation 

A pie chart (Figure 3) depicts the proportionate importance of each 
barrier. 

3.4.7 Regression and ANOVA Analysis 

A multiple regression model was employed to identify key determinants 
of farm income: 

Y=β0+β1X1+β2X2+β3X3+ϵY = \beta_0 + \beta_1 X_1 + \beta_2 X_2 + 
\beta_3 X_3 + \epsilonY=β0+β1X1+β2X2+β3X3+ϵ 

Where: 

• YYY = Net Income. 

• X1X_1X1 = Total Costs. 

• X2X_2X2 = Labor Inputs. 

• X3X_3X3 = Technology Adoption (UAV or Conventional).

The model revealed that UAV adoption significantly influenced income (p 
< 0.01). ANOVA further confirmed the robustness of these results. 

3.5 Ethical Considerations 

The study adhered to ethical research practices. Informed consent was 

obtained from all participants, and data confidentiality was strictly 

maintained. Findings were shared with local stakeholders to ensure 

knowledge dissemination and practical application. 

4. RESULTS AND DISCUSSIONS 

The addresses the study's objectives and hypotheses by analyzing data, 

presenting statistical findings, and illustrating results with graphs and 

tables. The focus is on assessing economic efficiency, profitability, barriers 

to adoption, and the role of UAV technology in sustainable agriculture, 

while meeting the objectives and testing hypotheses. 

4.1 Assessing Economic Efficiency of UAVs Compared to 
Conventional Farming Methods 

Economic efficiency was evaluated using Data Envelopment Analysis 

(DEA). Results demonstrated a marked improvement in efficiency levels 

among UAV-adopting farmers compared to their conventional 

counterparts. 

4.2 Efficiency Scores 

• UAV-assisted farming achieved an average efficiency score of 0.88, 

significantly higher than the 0.67 observed for conventional farming. 

• Approximately 80% of UAV farmers were classified as highly 

efficient (Efficiency Score≥0.8\text{Efficiency Score} \geq

0.8Efficiency Score≥0.8), compared to 42% of conventional 

farmers. 

Table 1: Economic Efficiency Levels of Farmers 

Efficiency Level 
UAV Farmers 

(%) 
Conventional Farmers 

(%) 

High Efficiency 
(≥0.8) 

80% 42% 

Moderate Efficiency 15% 35% 

Low Efficiency 
(<0.6) 

5% 23% 

Figure 1: Economic Efficiency Distribution 

These findings strongly support Hypothesis 1, confirming that UAV 
technology significantly enhances economic efficiency in farming. 

4.3 Evaluating Impact on Profitability and Income Levels 

Profitability and income levels were analyzed using paired t-tests and 
regression models. 

4.4 Cultivation Cost Reduction 

Adoption of UAVs led to a 32% reduction in total cultivation costs, 
primarily due to precision pesticide application and lower labor 
requirements. 

Table 2: Cultivation Costs per Acre (₹) 

Cost 
Component 

UAV 
Farming 

Conventional 
Farming 

Reduction 
(%) 

Pesticide 
Costs 

1,800 3,200 -43.75% 

Labor Costs 3,200 5,000 -36% 

Total Costs 8,400 12,400 -32% 

4.5 Income Gains 

Net incomes for UAV-adopting farmers increased by 41–45% compared 
to conventional farming. 

Table 3: Net Income Comparison per Acre (₹) 

Parameter 
UAV 

Farming 
Conventional 

Farming 
Increase 

(%) 

Net Income 24,500 17,300 +41.6% 

Figure 2: Income Gains of UAV-Adopting Farmers 

These results validate Hypotheses 2 and 3, proving that UAV adoption 
reduces costs and significantly boosts profitability. 

4.6 Identifying Key Barriers to UAV Adoption 

Farmers identified constraints limiting UAV adoption through surveys. 
Responses were analyzed using the Response Priority Index (RPI) to 
rank barriers. 

4.7 Key Barriers 

• High Initial Costs (RPI=0.78RPI = 0.78RPI=0.78) emerged as the top 
constraint. 

• Lack of Technical Expertise (RPI=0.65RPI = 0.65RPI=0.65) ranked 
second. 

• Regulatory Challenges (RPI=0.54RPI = 0.54RPI=0.54) also hindered 
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adoption. 

Table 4: Barriers to UAV Adoption Ranked by RPI 

Barrier RPI Rank 

High Initial Costs 0.78 1 

Lack of Expertise 0.65 2 

Regulatory Challenges 0.54 3 

Figure 3: Distribution of Key Barriers 

4.8 Strategies to Overcome Barriers 

• Subsidy Programs: Government-backed subsidies can mitigate high 
costs. 

• Skill Training: Conduct workshops to improve farmers’ technical 
expertise. 

• Simplified Regulations: Streamline policies to encourage UAV 
adoption. 

These findings address Objective 3 and confirm Hypothesis 4. 

4.9 Exploring UAV Technology's Role in Sustainable Agriculture 

The study explored how UAV adoption aligns with sustainability goals 
through resource efficiency and productivity gains. 

4.10 Resource Optimization 

• Water Usage: UAV farming reduced water consumption by 25–30%. 

• Pesticide Usage: Precision spraying reduced pesticide application by
28%. 

• Labor Dependency: Labor requirements decreased by 40%. 

Table 5: Resource Efficiency Gains 

Resource 
UAV 

Farming 
Conventional 

Farming 
Reduction 

(%) 

Water Usage 
(L/acre) 

600 850 -29.41% 

Pesticide Usage 
(L) 

3.2 4.4 -27.27% 

Labor Hours 10 16 -40% 

Figure 4: Resource Efficiency with UAV Adoption 

4.11 Productivity Gains 

UAV-assisted farming led to a 12–15% increase in yield compared to 
conventional methods. 

Table 6: Productivity Gains 

Parameter 
UAV 

Farming 
Conventional 

Farming 
Increase 

(%) 

Yield 
(kg/acre) 

2,800 2,500 +12% 

These results fulfill Objective 4, showcasing UAV technology's 
contribution to sustainable agricultural practices. 

4.12 Statistical Analysis 

4.12.1 Regression Analysis 

Regression analysis confirmed the significant impact of UAV adoption on 
income and efficiency. 

Y=24.5+0.42X1−0.32X2+0.50X3Y = 24.5 + 0.42X_1 - 0.32X_2 + 
0.50X_3Y=24.5+0.42X1−0.32X2+0.50X3 

Where: 

• YYY: Net Income 

• X1X_1X1: UAV Adoption 

600

3.2

10

850

4.4

16

Water Usage (L/acre)

Pesticide Usage (L)

Labor Hours

Resource Efficiency with UAV Adoption

Resource Efficiency Gains Conventional Farming

Resource Efficiency Gains UAV Farming
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• X2X_2X2: Cultivation Costs 

• X3X_3X3: Yield Increase 

• Adjusted R2=0.76R^2 = 0.76R2=0.76

• UAV adoption had a positive effect on income (β=0.42,p<0.01β = 0.42, 
p < 0.01β=0.42,p<0.01). 

4.13 ANOVA Results 

ANOVA confirmed the significant differences in outcomes between UAV 
and conventional farming (F=15.3,p<0.01F = 15.3, p < 0.01F=15.3,p<0.01). 

Table 7: ANOVA Results 

Source 
Sum of 

Squares 
df 

Mean 
Square 

F 
Sig. 
(p) 

Between 
Groups 

350.2 1 350.2 15.3 <0.01 

Within 
Groups 

1,320.5 238 5.55 

The detailed results confirm that UAV technology substantially improves 
farming outcomes, addressing all objectives and validating the 
hypotheses. 

5. CONCLUSION

This study has explored the transformative potential of unmanned aerial 
vehicles (UAVs) in revolutionizing paddy farming practices, focusing on 
Uttar and Dakshin Dinajpur districts of West Bengal. Through a 
comprehensive analysis of economic, environmental, and social 
dimensions, the findings unequivocally highlight the advantages of UAV 
technology in enhancing farming efficiency, profitability, and 
sustainability. The results affirm that UAV-assisted farming significantly 
improves economic efficiency, as evidenced by an 88% increase in 
economic efficiency, a 32% reduction in cultivation costs, and a 41–
45% rise in farmer incomes. These outcomes validate the hypothesis 
that UAV adoption leads to superior financial outcomes compared to 
conventional farming methods. By optimizing input use, UAVs not only 
reduce costs but also mitigate environmental impacts, including a 25–
30% reduction in water consumption and a 28% decrease in 
pesticide usage. These improvements are vital for addressing challenges 
like resource scarcity and environmental degradation.  

The study also identifies key barriers to UAV adoption, such as high costs 
and limited technical expertise. These challenges underscore the need for 
policy interventions, including subsidies, access to affordable UAV models, 
and capacity-building initiatives for farmers. Addressing these barriers 
can accelerate the widespread adoption of UAV technology, ensuring 
equitable benefits across diverse farming communities. In terms of 
sustainability, the findings highlight UAVs’ potential to contribute to the 
United Nations Sustainable Development Goals (SDGs). By improving 
resource efficiency and reducing environmental footprints, UAV 
technology aligns with global efforts to promote sustainable agriculture 
while enhancing food security and farmer resilience. This research also 
emphasizes the need for collaboration among stakeholders—farmers, 
policymakers, technology providers, and agricultural researchers—to 
maximize UAV technology's impact. Tailored policy measures, combined 
with community-based training programs, can bridge the gap between 
potential and practice, enabling UAV technology to be a catalyst for rural 
economic growth.  

In sum, UAVs represent a paradigm shift in agricultural practices, offering 
a viable path toward sustainable, cost-efficient, and resource-optimized 
farming. By overcoming adoption barriers and leveraging this 
technology's potential, Indian agriculture can not only modernize but also 
ensure a more sustainable and resilient future for its farmers. This study 
provides a foundation for future research on integrating UAVs with other 
precision agriculture tools, scaling their applications, and further 
evaluating their long-term economic and environmental impacts. 
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