


Knowledge of Agricultural Drone Technology among farmers in Haryana: A Socio-Economic Study


ABSTRACT
	Agricultural drones have developed as a key component of precision farming, with advantages such as focused pesticide application, greater crop monitoring, and better decision-making. The current study was undertaken in Haryana's Hisar and Karnal districts to examine the knowledge level of farmers who had attended agricultural drone technology demos. Purposive sampling was used to choose a total of 60 respondents, and main data was acquired utilizing a well-structured interview schedule. According to the data, farmers had moderate understanding of drone applications such as precise pesticide and fertilizer spraying (68.33%), early detection of pest and disease infestation (53.33%), and crop yield prediction (51.67%).However, there was significantly less awareness of legal restrictions, operating and maintenance costs, and technical characteristics such as sensor-based crop health assessments. The overall knowledge assessment found that 41.70 percent of respondents had poor knowledge, 36.70 percent had medium knowledge, and just 21.60 percent had high knowledge. Age, education, income, landholding size, mass media exposure, social activity, and socioeconomic status all had a substantial impact on knowledge levels. The study emphasizes the importance of structured training, financial assistance, and extension interventions for farmers to improve their practical understanding and acceptance of drone technology for long-term agricultural development.
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[bookmark: OLE_LINK1]INTRODUCTION
[bookmark: OLE_LINK2]The growth of digital and precision-based technologies has had a significant impact on modern agricultural practices, particularly in developing nations like India (World Bank, 2023; ICAR, 2023). Agricultural drones, also known as unmanned aerial vehicles (UAVs), have emerged as a valuable tool for improving crop monitoring, pesticide application, fertilizer distribution, and resource management in agriculture (Athare et al., 2024; Barve et al., 2024; Singh et al., 2024). These drones can fly over fields and record high-resolution photographs that enable farmers to spot differences in plant health, soil conditions, moisture levels, and insect infestation patterns (Nandini Singh et al., 2024; Kalaiselvi et al., 2024). Drone technology helps farmers make better farm-based decisions and embrace precision agriculture practices that increase output while lowering unnecessary input expenses (Sharma & Singh, 2024; Barve et al., 2024).

In recent years, the Indian government, agricultural colleges, and private agritech businesses have actively promoted drone demonstrations and training programs to popularize their use in rural farming areas (Government of India, 2023; ICAR, 2023). These demonstration initiatives are designed to boost farmers' confidence in operating drones and understanding their practical benefits in real-world scenarios (Jain et al., 2024; Murugan et al., 2024).

However, farmers' awareness and understanding of drone technology differs greatly depending on factors such as educational background, socioeconomic class, access to extension services, and exposure to current agricultural information sources (Murugan et al., 2024; Sangode, 2025). Many farmers realize the potential advantages of drone-based agriculture, but they also voice concerns about high purchase costs, limited availability of skilled operators, technical complexity, and maintenance requirements (Sangode, 2025; PubMed, 2024). The division between technological innovation and grassroots acceptance emphasizes the importance of conducting systematic research to examine farmers' understanding, perceptions, and readiness to apply emerging technologies (World Bank, 2023; Jain et al., 2024; Barman et al., 2025).

Understanding the social aspects of technology adoption is critical since farmers' decisions are influenced not only by economic benefits but also by cultural values, risk perceptions, peer influence, and institutional support (World Bank, 2023; Sharma & Singh, 2024). As a result, research on awareness levels can provide useful insights for policymakers, technology developers, and extension agencies in developing more inclusive, practical, and farmer-centered training models and outreach strategies (ICAR, 2023; Murugan et al., 2024).

In this context, Haryana has emerged as one of India’s leading agricultural states, introducing drone technology through structured demonstration programs conducted by agricultural institutions and government-supported agencies (Government of India, 2023; ICAR, 2023). The present study focuses on the level of knowledge of agricultural drone technology among farmers in Haryana’s Hisar and Karnal districts who have attended drone demonstrations. The study also aims to examine the socioeconomic factors influencing farmers’ awareness levels, thereby contributing to a better understanding of technology diffusion in rural agricultural settings (Jain et al., 2024; Sangode, 2025). By identifying existing knowledge gaps, the study seeks to support informed policy formulation and targeted capacity-building measures to accelerate the adoption of drone technology for sustainable agriculture in Haryana (Sharma & Singh, 2024; Barve et al., 2024).

Objectives
i. To assess the level of knowledge regarding the adoption of drones among farmers
ii. To study the socio-economic factors affecting knowledge regarding drone technology

Materials and Methods

Study Area
The present study was conducted in the Karnal and Hisar districts of Haryana, India. In Hisar district, the blocks Hisar I, Hansi I, Adampur, and Agroha were selected, while in Karnal district, the blocks Karnal, Indri, Gharaunda, and Munak were included in the study. The selected blocks had witnessed farmer participation in drone-based agricultural demonstrations.

Sampling Procedure and Sample Size
A purposive sampling technique was used to select respondents for the study. Farmers who had directly participated in demonstrations of agricultural drone technology were identified from official records and local extension agencies in the selected blocks. From each district, 30 farmers were selected, resulting in a total sample size of 60 respondents. Care was taken to ensure that all respondents had adequate exposure to drone demonstrations to provide informed responses relevant to the objectives of the study.

Data Collection
Primary data were collected using a well-structured and pre-tested interview schedule developed specifically for the study. The interview schedule included questions related to socio-economic characteristics of farmers, awareness and knowledge of agricultural drone technology, perceived benefits, constraints, and overall acceptance of the technology. Data were collected through personal interviews, allowing for clarification of responses and ensuring completeness and accuracy of the information. The interviews were conducted in the local language to facilitate better understanding and reliable responses.

Statistical Analysis
The collected data were systematically coded, tabulated, and analyzed using appropriate statistical tools in accordance with the objectives of the study. Descriptive statistics such as frequency, percentage, mean, and standard deviation were employed to summarize the data. Where necessary, suitable inferential statistical techniques were applied to draw meaningful conclusions. The analyzed data were interpreted to assess farmers’ responses toward agricultural drone technology and to identify key trends and insights.

[bookmark: OLE_LINK3]RESULTS and DISCUSSION

KNOWLEDGE REGARDING ADOPTION OF AGRICULTURE DRONE TECHNOLOGY AMONG FARMERS        
  The data presented in Table 1 reveal varying levels of knowledge among farmers regarding different dimensions of agricultural drone technology. A relatively high level of awareness was observed for those applications of drones that have been most emphasized during demonstrations and extension activities. A majority of the respondents (68.33%) possessed knowledge about the use of drones for precise spraying of pesticides and fertilizers, indicating that farmers are well aware of the immediate and visible benefits of drone technology such as targeted input application, reduction in chemical wastage, and minimization of environmental contamination. These findings are in line with earlier studies by Athare et al. (2024) and Barve et al. (2024), who reported that precision spraying is one of the most easily understood and accepted drone applications among farmers.
  Similarly, more than half of the respondents (53.33%) were aware that drones can assist in the early detection of pest infestations and disease outbreaks, facilitating timely intervention and reduction of crop losses. This level of awareness suggests that farmers recognize the role of drones in crop protection and risk management, particularly in intensive cropping systems. Comparable observations were reported by Kalaiselvi et al. (2024) and Nandini Singh et al. (2024), who highlighted increased farmer awareness of drones as surveillance tools for pest and disease monitoring.
  Knowledge related to yield prediction was reported by 51.67 per cent of the respondents, indicating moderate awareness of the data-driven decision-making potential of drone technology. This reflects a gradual shift among farmers toward the use of advanced technologies for planning harvesting and marketing strategies, as also observed by Sharma and Singh (2024).
   Despite these encouraging findings, knowledge regarding several technical and analytical applications of drones remained limited. Less than half of the respondents were aware that drones can generate precise field maps (43.33%) and monitor environmental conditions such as water levels and weather patterns (40.00%). This suggests that farmers’ understanding of drones is largely confined to visible operational uses, while more abstract benefits related to data analytics and resource management are less recognized. Similar trends have been documented by Kalaiselvi et al. (2024), who reported limited awareness of drone-based decision support systems among farmers.
  Awareness of drones for monitoring crop maturity was also relatively low (38.33%), indicating that the potential of drones in optimizing harvest timing is not yet fully realized at the farm level. This may be attributed to limited exposure to advanced demonstrations and lack of practical training in interpreting drone-generated data.
  From a financial perspective, 60.00 per cent of respondents were aware of government-supported financial assistance schemes, such as the Namo Drone Didi Scheme, which provide subsidies for drone acquisition. This relatively higher awareness reflects the effectiveness of recent policy-driven promotional efforts. However, only 35.00 per cent of farmers had knowledge regarding the operation and maintenance costs of drones, highlighting a significant information gap. Uncertainty about recurring costs may act as a psychological and economic barrier to adoption, as also reported by Sangode (2025) and PubMed (2024).
  Knowledge related to regulatory and certification aspects was notably poor. Only one-third of the respondents (33.33%) were aware of the requirement of a DGCA license for operating agricultural drones, and less than half (46.67%) knew about the eligibility criteria for becoming a certified drone pilot. Limited awareness of regulatory procedures could restrict legal and safe adoption of drone technology and may expose farmers to compliance risks, as emphasized by ICAR (2023) and Government of India (2023).
  Awareness of advanced drone features was the weakest area. Only 30.00 per cent of respondents knew about the role of multispectral sensors in assessing crop health beyond human vision, while 36.67 per cent understood the use of drone imagery for identifying crop stress and nutrient deficiencies. Extremely low awareness was observed for livestock monitoring (18.33%) and Standard Operating Procedures (SOPs) for drone-based pesticide and nutrient application (16.67%). These findings indicate that farmers’ exposure to drones is still at a basic operational level, with minimal understanding of technical sophistication and safety protocols. Similar knowledge gaps were reported by Kathpalia et al. (2025) and Sangode (2025).
  Overall, the results suggest that while farmers are aware of the immediate and demonstrable benefits of drone technology, substantial gaps exist in their understanding of technical, regulatory, and analytical aspects, which may limit effective and sustainable adoption.
Table 1: Knowledge regarding adoption of Agriculture Drone Technology among farmers (n=60)
	Knowledge statements
	Yes

	No


	Operating agriculture drones in India requires a license from the Directorate General of Civil Aviation (DGCA).
	20 (33.33)
	40 (66.67)

	Knowledge about the various financing facilities regarding drone like Namo Drone Didi scheme which provide subsidy to women up to 80 per cent of drone cost
	36 (60.00)
	24 (40.00)

	Knowledge about ability to be drone pilot like literacy level minimum metric passed and age criteria between 18-65 years of age
	28 (46.67)
	32 (53.33)

	Drones with special sensors can check how healthy crops are by spotting differences in how plants reflect light, which people can’t see with their eyes.
	18 (30.00)
	42 (60.00)

	Drones can quickly identify pest infestations and disease outbreaks, allowing for timely intervention and reducing crop losses
	32 (53.33)
	28 (46.67)

	Drones make precise maps of fields that help farmers plan and manage tasks like planting and watering crops
	26 (43.33)
	34 (56.67)

	Knowledge about operation and maintenance cost of drone
	21 (35.00)
	39 (65.00)

	Drones help farmers by taking detailed pictures from above, which show how healthy the crops are and highlight areas that need care
	22 (36.67)
	38 (63.33)

	Drones can be used for precise spraying of pesticides and fertilizers, reducing waste and minimizing environmental impact
	41 (68.33)
	19 (31.67)

	Drones provide data that can be used to predict crop yields, helping farmers make informed decisions about harvesting and marketing
	31 (51.67)
	29 (48.33)

	Drones can monitor environmental conditions, such as water levels and weather patterns, which are crucial for sustainable farming practices
	24 (40.00)
	36 (60.00)

	Drones can be used to monitor livestock, ensuring their health and safety by providing real-time data on their location and condition
	11 (18.33)
	49 (81.67)

	Standard Operating Procedures (SOPs) for use of drones in pesticide and nutrient application that provides concise instructions for effective and safe operations of drones.
	10 (16.67)
	50 (83.33)

	Drones can monitor crop maturity and provide data that helps in planning the optimal time for harvesting
	23 (38.33)
	37 (61.67)



KNOWLEDGE LEVEL OF RESPONDENTS REGARDING DRONES                                
The overall knowledge level of respondents regarding agricultural drones, as presented in Table 2 and Fig. 1, indicates that 41.70 per cent of farmers fell under the low knowledge category, followed by 36.70 per cent in the medium knowledge category, while only 21.60 per cent possessed high knowledge. This distribution clearly suggests that the majority of farmers have limited to moderate understanding of drone technology.

Although demonstrations have played a significant role in creating awareness, they appear insufficient for developing comprehensive technical knowledge. Similar observations were made in earlier studies done by Nandini Singh et al. (2024), which emphasized that exposure through demonstrations alone may not lead to in-depth understanding unless supported by continuous training and advisory services.

Table 2: Knowledge level of respondents regarding Drones (n=60)	
	S. No.
	Knowledge level
	Frequency
	Percentage

	1. 
	Low (14-18)
	25
	41.70

	2. 
	Medium (19-23)
	22
	36.70

	3. 
	High (24-28)
	13
	21.60




Fig. 1:  Pie-chart showing the Knowledge level of respondents regarding agricultural drone

[bookmark: _Hlk199329943]Association between socio-economic variables and knowledge level of respondents
The association between selected socio-economic variables and knowledge level of respondents regarding drones is presented in Table 3. The findings reveal that age had a significant association with knowledge level (χ² = 10.68*), with younger farmers exhibiting higher knowledge compared to older respondents. This trend may be due to greater openness among younger farmers toward modern technologies and their higher adaptability to digital tools.
Education was found to be significantly associated with knowledge level (χ² = 11.53*). Respondents with graduation and above education showed the highest proportion (42.10%) of high knowledge. Education enhances the ability to comprehend technical information and interpret data, thereby facilitating better understanding of drone applications.
Landholding size showed a highly significant association with knowledge level (χ² = 13.48**), indicating that farmers with larger landholdings possessed greater knowledge of drone technology. Larger landowners may perceive higher economic benefits from drone adoption and are more likely to invest time and resources in acquiring information about advanced technologies.
Annual family income (χ² = 11.47*) and overall socio-economic status (χ² = 11.16*) were also significantly associated with knowledge levels. Farmers with higher income and socio-economic status demonstrated greater knowledge, possibly due to better access to information sources, training opportunities, and extension services.
Mass media exposure (χ² = 12.00*) and social organization participation (χ² = 12.87*) were found to have significant influence on knowledge levels. Farmers with high media exposure and involvement in more than one social organization exhibited higher knowledge, highlighting the importance of communication channels and social networks in technology dissemination.
Extension contacts showed a positive but non-significant association (χ² = 6.28), suggesting that while extension services play a role, their effectiveness in transferring advanced drone-related knowledge may need strengthening. Variables such as family type, family size, caste, and subsidiary occupation did not show significant association, indicating their limited influence on knowledge acquisition.

Table 3: Association between socio-economic variables and knowledge level of Drones (n=60)
	Socio-economic variables
	Knowledge level

	Age
	Low
	Medium
	High
	Total

	Up to 30 years
	9 (45.00)
	3 (15.00)
	8 (40.00)
	20 (33.33)

	30-40 years 
	7 (30.43)
	12 (52.18)
	4 (17.39)
	23 (38.34)

	Above 40 years 
	9 (52.94)
	7 (41.18)
	1 (5.88)
	17 (28.33)

	Total
	25(41.70)
	22(36.70)
	13(21.60)
	60(100.00)

	2 Cal==10.68*

	Caste

	General Castes
	13 (33.33)
	16 (41.03)
	10 (25.64)
	39 (65.00)

	Backward Class
	7 (50.00)
	5 (35.71)
	2 (14.29)
	14 (23.33)

	Scheduled Castes
	5 (71.42)
	1 (14.29)
	1 (14.29)
	7 (11.67)

	2 Cal==4.34

	Education

	Up to primary
	8 (66.66)
	2 (16.67)
	2 (16.67)
	12 (20.00)

	Secondary & Senior secondary
	11 (37.94)
	15 (51.72)
	3 (10.34)
	29 (48.33)

	Graduation and above
	6 (31.58)
	5 (26.32)
	8 (42.10)
	19 (31.67)

	2 Cal==11.53*

	Family type 

	Nuclear
	13 (46.42)
	11 (39.29)
	4 (14.29)
	28 (46.67)

	Joint
	12 (37.50)
	11 (34.37)
	9 (28.13)
	32 (53.33)

	2 Cal==1.70

	Family size

	Up to 4 members
	14 (53.84)
	9 (34.62)
	3 (11.54)
	26 (43.33)

	5 to 7 members
	8 (33.33)
	9 (37.50)
	7 (29.17)
	24 (40.00)

	Above 7 members
	3 (30.00)
	4 (40.00)
	3 (30.00)
	10 (16.67)

	2 Cal=3.89

	Subsidiary occupation of the family

	Nil
	15 (46.88)
	12 (37.50)
	5 (15.62)
	32 (53.34)

	Business and services
	5 (35.71)
	5 (35.71)
	4 (28.58)
	14 (23.33)

	Custom hiring and others
	5 (35.71)
	5 (35.71)
	4 (28.58)
	14 (23.33)

	2 Cal=1.61

	Size of land holdings 

	Nil
	5 (55.56)
	3 (33.33)
	1 (11.11)
	9 (15.00)

	Marginal (up to 2.5 acre)  
	11 (84.62)
	2 (15.38)
	0 (0)
	13 (21.66)

	Small (2.51- 5 acre)
	5 (26.32)
	10 (52.63)
	4 (21.05)
	19 (31.67)

	Semi-medium (5.1- 10 acre)
	4 (21.05)
	7 (36.84)
	8 (42.11)
	19 (31.67)

	2 Cal= 13.48**

	Annual family income

	Between Rs.200000 – 3,00,000/-
	12 (66.67)
	5 (27.78)
	1 (5.55)
	18 (30.00)

	Between Rs.3,00,001 - 4,00,000/-
	6 (37.50)
	8 (50.00)
	2 (12.50)
	16 (26.67)

	Above Rs. 4,00,000/-
	7 (26.92)
	9 (34.62)
	10 (38.46)
	26 (43.33)

	2 Cal= 11.47*

	Mass media exposure

	Low (4-6)
	8 (72.73)
	3 (27.27)
	0 (0.00)
	11 (18.33)

	Medium (7-9)
	5 (29.41)
	10 (58.83)
	2 (11.76)
	17 (28.33)

	High (10- 12)
	12 (37.50)
	9 (28.13)
	11 (34.37)
	32 (53.34)

	2 Cal=12.00*

	Extension contacts

	Low (4-6)
	9 (47.37)
	9 (47.37)
	1 (5.26)
	19 (31.67)

	Medium (7-9)
	6 (50.00)
	4 (33.33)
	2 (16.67)
	12 (20.00)

	High (10-12)
	10 (34.48)
	9 (31.04)
	10 (34.48)
	29 (48.33)

	2 Cal=6.28

	Social organization participation

	Nil
	10 (58.83)
	6 (35.29)
	1 (5.88)
	17 (28.33)

	One organization participation
	9 (37.50)
	12 (50.00)
	3 (12.50)
	24 (40.00)

	More than one organization participation
	6 (31.58)
	4 (21.05)
	9 (47.37)
	19 (31.67)

	2 Cal=12.87*

	Socio-economic Status

	Low (5-8)
	9 (64.29)
	4 (28.57)
	1 (7.14)
	14(23.33)

	Medium (9-12)
	13 (50.00)
	9 (34.62)
	4 (15.38)
	26(43.34)

	High (13-16)
	3 (15.00)
	9 (45.00)
	8 (40.00)
	20(33.33)

	2 Cal=11.16*


Figures in parentheses indicate percentage
** Highly Significant at 1% level of significance
*Significant at 5% level of significance 


CONCLUSION
The study examined farmers’ knowledge regarding the deployment of agricultural drone technology in Haryana’s Hisar and Karnal districts. The findings revealed that although many farmers were aware of major practical benefits such as precision spraying, yield prediction, and pest and disease monitoring, substantial gaps existed in their understanding of technical features, regulatory procedures, and maintenance costs (Murugan et al., 2024; Sangode, 2025). The majority of respondents possessed low to medium levels of knowledge, indicating limited depth of understanding despite exposure to demonstrations (Jain et al., 2024).
The study further revealed that socio-economic factors significantly influenced knowledge levels. Younger farmers, those with higher education, larger landholdings, higher annual income, and greater mass media exposure demonstrated higher knowledge levels (Murugan et al., 2024; Jain et al., 2024). Participation in social organizations and higher socio-economic status positively influenced knowledge acquisition. n contrast, inadequate awareness of licensing requirements, SOPs, and financial implications acted as barriers to adoption, consistent with findings reported among Haryana farmers by (Kathpalia et al., 2025).The study recommends focused training programmes, strengthened extension services, accessible financial support, and hands-on operational guidance to enhance farmers’ technical competence and confidence in using drone technology (Government of India, 2023; World Bank, 2023).
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