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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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INTRODUCTION
The growth of digital and precision-based technologies has had a significant impact on modern agricultural practices, particularly in developing nations like as India (Singh and Kaur, 2021). 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 (Patel & Mehta, 2022). These drones can fly over fields and record high-resolution photographs that enable farmers spot differences in plant health, soil conditions, moisture levels, and insect infestation patterns (Kumar &Sinha, 2020). Drone technology helps farmers make better farm-based decisions and embrace precision agriculture practices that increase output while lowering unnecessary input expenses (Verma& Reddy, 2022). In recent years, the Indian government, agricultural colleges, and private agritech businesses have actively promoted drone demos and training programs to popularize their use in rural farming areas (Sharma &Chaudhary, 2023). These demonstration initiatives are designed to boost farmers' confidence in operating drones and understanding their practical benefits in real-world scenarios (Ahmed &Hussain, 2021).

However, farmers' awareness and understanding of drone technology differs greatly depending on criteria such as educational background, socioeconomic class, access to extension services, and exposure to current agricultural information sources (Yadav and Singh, 2019). Many farmers realize the potential advantages of drone-based agriculture, but they also voice worries about high purchase costs, limited availability of skilled operators, technical complexity, and maintenance requirements (Sharma &Chaudhary, 2023).
The division between technological innovation and grassroots acceptance emphasizes the importance of conducting systematic research to examine farmers' understanding, perceptions, and readiness to apply developing technologies (Singh &Kaur, 2021). Understanding the social aspects of technology adoption is critical since farmers' decisions are impacted not just by economic rewards but also by cultural values, risk perceptions, peer influence, and institutional support (Yadav& Singh, 2019). 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 methods (Ahmed &Hussain, 2021).
In this context, Haryana has emerged as one of India's premier agricultural states, introducing drone technology through structured demonstration programs run by agricultural institutions and government-supported entities (Kathpalia et al., 2024). The current study focuses on the level of knowledge of agricultural drone technology among farmers in Haryana's Hisar and Karnal districts who have attended and seen drone demos (Kathpalia et al., 2024).
The study also aims to examine the socioeconomic aspects that influence these farmers' awareness levels, so contributing to a better understanding of technology diffusion in rural agricultural settings (Verma& Reddy, 2022). This study seeks to promote informed policy formulation and targeted capacity-building measures to expedite the use of drone technology for sustainable agriculture in Haryana by identifying existing knowledge gaps (Sharma &Chaudhary, 2023).

Objectives
1) To know the knowledge regarding adoption of  drone  among farmers
2) To study the socio economic factors affecting knowledge regarding drone 
MATERIALS AND METHOD
The study was carried out in the Karnal and Hisar districts of Haryana. In Hisar district, four blocks—Hisar I, Hansi I, Adampur, and Agroha—were selected, while in Karnal district the blocks Karnal, Indri, Gharaunda, and Munak were chosen. These areas were selected because farmers in these blocks had participated in demonstrations on agricultural drone technology. A total of 30 farmers from each district, all of whom had received demonstrations on agricultural drone technology, were selected, making an overall sample size of 60 respondents. Data were collected through a well-structured interview schedule administered personally to the selected farmers. Appropriate statistical tools were employed to analyse the data in accordance with the objectives of the study.

RESULTS
KNOWLEDGE REGARDING ADOPTION OF AGRICULTURE DRONE TECHNOLOGY AMONG FARMERS        
[bookmark: _Hlk199329786]Data in Table 1 shows a considerable proportion of farmers (68.33%) had knowledge of the use of drones for precise spraying of pesticides and fertilizers, reflecting a good understanding of one of the most promoted benefits of drone technology in agriculture targeted application and reduced environmental impact. Similarly, more than half of the respondents (53.33%) acknowledged that drones can help in early detection of pest infestations and disease outbreaks, thus enabling timely intervention to mitigate crop losses. Furthermore, 51.67 per cent of farmers were aware that drones can provide data to predict crop yields, which supports decision-making in harvesting and marketing strategies. However, despite these promising areas of knowledge, other technical aspects remain under recognized. Only 43.33 per cent knew that drones can create precise field maps for planning and resource management, while 40.00per cent understood their role in monitoring environmental conditions such as water levels and weather. Likewise, just 38.33per cent of the farmers had knowledge that drones could aid in monitoring crop maturity to plan optimal harvesting times. In terms of financial awareness, 60.00per centof the respondents had knowledge of schemes like drone Didischemes, which provides financial assistance for drone acquisition. However, only 35.00per cent were familiar with the operational and maintenance costs associated with drone technology—highlighting a potential barrier to adoption due to perceived or actual financial constraints. When it comes to regulatory and eligibility aspects, the level of awareness is notably low. Only 33.33per cent of farmers knew that operating agricultural drones in India requires a license from the Directorate General of Civil Aviation (DGCA), and just 46.67per centhad knowledge of the educational (minimum matriculation) and age criteria (18–65 years) required to become a certified drone pilot. This gap in regulatory knowledge is significant, as it could hinder legal and safe adoption of drone usage. Technical understanding of advanced drone features also appeared limited. For instance, only 30.00per cent of respondents had knowledge that drones with multi spectral sensors can detect crop health by capturing light beyond the visible spectrum. Similarly, just 36.67per centunderstood the benefit of drone imagery in highlighting crop stress or nutrient deficiencies from aerial views. The lowest levels of awareness were observed in areas related to livestock monitoring (18.33%) and Standard Operating Procedures (SOPs) for pesticide and nutrient application via drones, with only 16.67per cent of farmers reporting familiarity with such procedures. These figures indicate a lack of exposure to institutional guidelines and more specialized applications of drone technology.

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 knowledge level of respondents regarding drones, which is shown in Table 2 revealed that 41.70per centhad low knowledge, 36.70per cent had medium knowledge, and 21.60per cent possessed high knowledge. This indicates that a majority of respondents have limited to moderate understanding of drone technology.

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:  Knowledge level of respondents regarding agricultural drone

[bookmark: _Hlk199329943]Association between socio-economic variables and knowledge level of respondents
The Table 3 examines the relationship between socio-economic variables and knowledge levels regarding drones among respondents. Significant associations were observed for age, education, annual income, mass media exposure, social organization participation, and socio-economic status. Additionally, landholding size was found to be highly significant.
Younger individuals demonstrated higher knowledge ((χ²=10.68*), while knowledge declined with age. Education was strongly associated ((χ²=11.53*), with graduates showing the highest knowledge (42.10%). Annual income (χ²=11.47*) and socio-economic status (χ²=11.16*) indicated that individuals with higher financial standing had superior knowledge. Mass media exposure (χ²=12.00*) and extension contacts (χ²=6.28) contributed significantly to knowledge dissemination.
Social organization participation was significant (χ²=12.87*), with multiple organizational involvement enhancing knowledge (47.37%). Landholding size (χ²=13.48**) showed larger landowners had better knowledge, while subsidiary occupation (χ²=1.61) reinforced the importance of business engagement. Family type showed no significance, indicating minimal influence on knowledge acquisition. These findings emphasize that education, financial stability, professional exposure, social engagement, and media access play a crucial role in enhancing knowledge of drones among farmers.

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  about the deployment of agricultural drone technology in Haryana's Hisar and Karnal districts. The findings revealed that, while many farmers were aware of the major practical benefits of drones, such as precision spraying, yield prediction, and disease and pest monitoring, there were significant gaps in their understanding of technical features, regulatory procedures, and maintenance costs. The majority of farmers had low to medium knowledge, showing insufficient depth of comprehension despite exposure to demonstrations.
The study additionally revealed that socioeconomic factors influenced knowledge distribution. Younger farmers, those with better education, larger landholdings, higher annual income, and more mass media exposure had higher levels of knowledge. Participation in social organizations, as well as higher socioeconomic position, had a beneficial impact. In contrast, a lack of understanding of licensing requirements, standard operating procedures, and financial costs associated with drone use operated as a barrier to adoption. Overall, the report recommends focused training programs, improved extension services, accessible funding schemes, and hands-on operational support to help farmers improve their technical competence and confidence in utilizing drones. Strengthening these sectors would encourage more use of drone technology and lead to more efficient and sustainable farming methods in Haryana.
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