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1. Introduction 

India’s agricultural sector has undergone profound structural and technological 

transformations since the advent of the Green Revolution in the 1960s, a milestone that 

fundamentally reshaped the nation’s food production system (Mishra et al., 2021). The Green 

Revolution, driven by scientific advancements pioneered by Dr. M. S. Swaminathan, promoted the 

large-scale adoption of high-yielding crop varieties alongside increased use of chemical fertilizers, 

pesticides, and irrigation infrastructure to mitigate food scarcity and enhance national food security 

(Parayil, 1992; Sebby, 2010; Harwood, 2020; Gollin et al., 2021). These interventions resulted in 

a substantial increase in food grain production, enabling India to meet the demands of a rapidly 

growing population. Agriculture continues to be a critical pillar of the Indian economy, supporting 

the livelihoods of a large segment of the population and contributing significantly to national 

income (Yadav and Dutta, 2019). However, the long-term dependence on chemical-intensive 

farming practices has raised serious concerns regarding environmental sustainability, ecosystem 

health, and human well-being (Jote, 2023; Grover et al., 2024). 
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 Abstract 
 

The Green Revolution increased agricultural productivity in India but 

also intensified dependence on chemical fertilizers and pesticides, 

raising environmental and health concerns. This study assessed farmers’ 

knowledge regarding agrochemical use in Kaithal, Kurukshetra, and 

Karnal districts of Haryana. A structured questionnaire survey was 

conducted among 180 farmers from nine villages, and data were 

analyzed using descriptive statistics and chi-square tests. Findings 

revealed significant gaps in awareness and adoption of recommended 

agrochemical dosages. Only 38% of farmers followed recommended 

fertilizer application practices, while knowledge of fertilizer types, 

application rates, and balanced nutrient management was limited. 

Information was mainly obtained from fellow farmers (50%) and mass 

media (35%), whereas only 5% consulted government extension 

services. Pesticide use was largely based on visible pest infestation 

(50%) and personal experience (40%). Inadequate protection, unsafe 

handling, and health symptoms indicated occupational risks. 

Strengthening extension services, farmer training, and sustainable 

farming practices is essential. 
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India faces an inherent challenge of sustaining agricultural productivity under severe 

resource constraints, as it supports nearly 17.84% of the global population with only 2.4% of the 

world’s land area and about 4% of freshwater resources (Indian Agrochemical Industry Report, 

2016). This imbalance has driven a sharp escalation in the use of agrochemicals, particularly 

synthetic fertilizers and pesticides, to maximize crop yields and stabilize food supply (Mishra et 

al., 2022; Penuelas et al., 2023). Fertilizer consumption in India has increased more than thirteen-

fold since the 1970s, positioning the country as the second-largest consumer globally after China 

(IFA, 2017; FAI, 2020). The consumption of nitrogen, phosphorus, and potassium (NPK) 

fertilizers has expanded from 65.6 thousand tonnes in 1951 to over 30.6 million tonnes in 2023–

2024, with further growth projected for 2024–2025 (Fertilizer Association of India, 2023). 

Similarly, pesticide production has risen substantially, from approximately 102,240 tonnes in 1998 

to over 258,000 tonnes in 2023 (Aktar et al., 2009; Government of India, 2023). While these inputs 

have played a pivotal role in enhancing agricultural productivity, their excessive and often 

indiscriminate application has intensified environmental degradation and public health risks, 

particularly in high-input agricultural states such as Punjab, Haryana, and West Bengal (Malik and 

Choudhary, 2024). 

The environmental consequences of conventional farming practices, where intensive 

fertilizer and pesticide use, tillage, and residue burning are evident practices across Indian agro-

ecosystems, have led to profound disturbances in soil–water–atmosphere interactions, 

undermining ecosystem resilience and long-term agricultural sustainability (Grover et al., 2025). 

Excess nitrogen application has significantly altered biogeochemical cycles, contributing to 

elevated emissions of reactive nitrogen compounds and a marked decline in nitrogen use efficiency 

(Viancelli and Michelon, 2024). Phosphatic fertilizers exhibit low plant uptake efficiency, with 

nearly 85% remaining in the soil or lost through runoff and leaching, leading to phosphorus 

accumulation and eutrophication of freshwater bodies (Kumar et al., 2023). In addition, the long-

term application of chemical fertilizers and pesticides has resulted in the accumulation of heavy 

metals such as cadmium, lead, and arsenic in agricultural soils, as well as persistent pesticide 

residues in air, water, and food chains (Atafar et al., 2010; Mishra et al., 2021). The growing 

dominance of fluorinated pesticides accounting for more than half of newly approved 

agrochemicals due to their chemical stability and bioavailability has further amplified concerns 

regarding environmental persistence and ecological toxicity (Jagani et al., 2025). 

Beyond environmental impacts, the health implications of prolonged exposure to 

agrochemicals pose a significant challenge for farming communities. Numerous studies have 

linked fertilizer and pesticide exposure to acute symptoms such as skin irritation, headaches, 

dizziness, and nausea, as well as chronic conditions including respiratory disorders, endocrine 

disruption, reproductive abnormalities, and various forms of cancer (Dhankhar and Kumar, 2023). 

Evidence from agricultural regions in South and Southeast Asia demonstrates elevated risks of 

chronic respiratory diseases, diabetes, and cardiovascular disorders among populations exposed to 

pesticides and fine particulate matter (Wongta, 2025). In India, unsafe handling practices—such 

as inadequate use of personal protective equipment, improper storage, and premature harvesting 

following pesticide application—further increase exposure risks (Nitu et al., 2016). The World 

Health Organization estimates that nearly 20,000 deaths occur annually due to unintentional 

pesticide poisoning, with South Asia bearing a disproportionate burden of these fatalities 

(Boedeker et al., 2020). 
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Despite the magnitude of these environmental and health challenges, farmers’ awareness 

and understanding of the safe use, handling, and disposal of fertilizers and pesticides remain 

uneven and often inadequate. Socio-economic determinants such as education level, farm size, 

income, access to extension services, and institutional support strongly influence farmers’ 

perceptions, attitudes, and agrochemical use practices (Parveen, 2010; Costa et al., 2021). While 

some farmers acknowledge the potential health and environmental risks associated with chemical 

inputs, limited technical knowledge and constrained access to alternatives hinder the adoption of 

safer practices, including integrated pest management (IPM), biofertilizers, and other sustainable 

nutrient management strategies (Nitu et al., 2023; Yoganandham and Usha, 2023). In intensive 

rice–wheat systems prevalent in Haryana, excessive reliance on chemical inputs has contributed 

to soil organic carbon depletion, micronutrient imbalances, and increasing soil toxicity, posing a 

serious threat to long-term agricultural resilience (Debangshi and Ghosh, 2022). 

Against this backdrop, the present study aims to assess farmers’ attitudes and awareness 

regarding the use of fertilisers and pesticides, with a specific focus on their perceived health and 

environmental implications. Emphasis is placed on high-input agricultural regions such as 

Haryana, where agrochemical dependence is particularly pronounced. By synthesizing empirical 

evidence and existing literature, this research seeks to identify knowledge gaps, behavioral drivers, 

and regional patterns influencing agrochemical use. The study further aims to evaluate farmers’ 

awareness of safe handling and disposal practices, examine their attitudes toward chemical inputs, 

and assess perceived risks to human health and the environment. The findings are expected to 

provide evidence-based insights to support policy interventions, targeted training programs, and 

extension strategies that promote sustainable agricultural practices while balancing productivity 

with ecological integrity and public health protection. 

2. Material and Methods  

2.1 Study Area: The study was conducted in state of Haryana, India, focusing on three major rice–

wheat producing districts, Kaithal, Kurukshetra, and Karnal. These districts represent high input 

agricultural systems characterized by intensive use of chemical fertilizers and pesticides under the 

dominant rice–wheat cropping pattern. The region is therefore suitable for assessing farmers’ 

attitudes, awareness, and perceptions related to agrochemical use and its health and environmental 

implications. Within each district, three villages were purposively selected based on the 

predominance of agricultural activity and accessibility for field surveys. A total of nine villages 

were included in the study: Sangri, Guliyana, and Kithana from Kaithal district; Kamoda, Pindarsi, 

and Barna from Kurukshetra district; and Pundrak, Rukanpur, and Uchana from Karnal district, as 

shown in Table 1. The spatial distribution of the selected villages is illustrated in Fig. 1. 

2.2 Selection of Sample: From each selected village, 20 farmers were randomly chosen, resulting 

in a total sample size of 180 respondents (9 villages × 20 farmers).  Eligibility criteria included: 

(i) farmers aged 18 years or older, (ii) individuals whose primary livelihood depended on 

agriculture, and (iii) active involvement in crop production during the study period. Prior to 

participation, respondents were informed about the objectives of the study, and verbal consent was 

obtained. Farmers were assured that the data collected would be used solely for academic and 

research purposes. 
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Table 1: Study sites and the corresponding sample size across districts and villages. 

District  Tehsil Village  Sample size 

Kaithal Kaithal 

Kaithal 

Kaithal 

Kithana 

Guliyana 

Songri 

20 

20 

20 

Kurukshetra Pehowa 

Thanesar 

Thanesar 

Kamoda 

Pindarsi 

Barna 

20 

20 

20 

Karnal Karnal 

Karnal 

Karnal 

Pundrak 

Rukanpur 

Uchana 

20 

20 

20 

 

 
Fig. 1. Location of the sampling sites in (a) Haryana and the study sites in districts of (b) Kaithal, (c) Karnal, and (d) 

Kurukshetra, India 

2.3 Data Collection: Data were collected using a structured questionnaire, developed following 

an extensive review of existing literature, preliminary field visits, informal discussions with 

farmers, and consultations with agricultural extension personnel and subject experts. The 

questionnaire was designed to comprehensively capture farmers’ knowledge, attitudes, practices, 

and perceptions related to fertilizer and pesticide use. Primary data collection was carried out 

through face-to-face interviews, enabling clarification of questions and improving the reliability 

of responses. Interviews were conducted individually to minimize peer influence and response 

bias. The questionnaire comprised both closed- and open-ended questions and was organized into 

six thematic sections, as summarized in Table 2. The questionnaire covered socio-demographic 

characteristics, knowledge of fertilizer and pesticide use, attitudes toward chemical inputs, 
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perceived health and environmental impacts, factors influencing decision-making, and awareness 

of safe handling practices and personal protective equipment (PPE). This comprehensive structure 

ensured a holistic assessment of agrochemical use and its implications at the farm level. 

Table 2: Key Insights from the Questionnaire Questions. 
 

Section 

No.  

Questionnaire 

Section 

Purpose  Type of Information Collected 

1 General Information  To assess basic socio-demographic 

and personal details of farmers 

Age, gender, educational background, 

type of land ownership, main occupation, 

farm size, types of crops, farming 

practice, and farming experience 

2 The farmer's 

knowledge of 

fertilizers and 

pesticides 

To collect the farmers' knowledge 

and understanding regarding the use 

of fertilizers and pesticides 

Types of fertilizers and pesticides used, 

knowledge of dosage guidelines, 

selection and mixing criteria, application 

frequency, challenges during application, 

and impact on soil health 

3 Farmer attitudes 

towards chemical 

inputs 

To gather information on farmers' 

attitudes, beliefs, and perceptions 

toward the use of chemical 

fertilizers and pesticides  

Opinions on the necessity and 

effectiveness of chemical inputs, 

perceived benefits, and willingness to 

adopt alternative practices 

4 Perceived Health 

and Environmental 

Impacts 

 

 To identify farmers' perceptions 

regarding health and environmental 

consequences of chemical inputs 

Pesticide exposure through different body 

parts, self-reported common health issues, 

long-term effects on soil health, and 

environmental pollution 

5 Factors Influencing 
Farmers’ Decision-

Making 

 

To understand the socio-economic 
factors influencing farmers' input 

choice  

Reasons for using chemicals, peer 
influence, access to training, and previous 

experiences affect decision-making 

6 Awareness 

regarding pesticide 

handling and 

personal protective 

equipment (PPE) 

To examine the level of awareness 

and safety practices followed by 

farmers while handling pesticides  

Knowledge and use of PPE, pesticide 

storage and disposal methods, awareness 

of safety guidelines, and emergency 

measures  

2.4 Data Analysis: Following field data collection, survey responses were systematically coded 

and entered into Microsoft Access, where they were cross-verified to ensure data consistency and 

accuracy. The validated dataset was then exported to Microsoft Excel (version 21) and SPSS 

(version 21) for statistical analysis. Descriptive statistics, including frequencies, percentages, and 

mean values, were used to summarize farmers’ responses across different variables. To assess 

differences between observed and expected frequency distributions, a Chi-square (χ²) goodness-

of-fit test was employed. The null hypothesis (H₀) assumed a uniform distribution of responses 

across categories (Norman and Streiner, 2008; Lithourgidis et al., 2016). Statistical significance 

was determined at p < 0.05. 

3. Results and Discussion 

The results of the questionnaire survey are presented under six thematic sections: socio-

demographic characteristics of the respondents; farmers’ knowledge and practices regarding 

fertilizers and pesticides; attitudes towards chemical inputs and sustainable alternatives; perceived 

health and environmental impacts; factors influencing decision-making; and pesticide handling 
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and personal protective practices. The analysis is based on responses obtained from 180 farmers 

representing nine villages across Kaithal, Karnal, and Kurukshetra districts of Haryana. 

3.1 Socio-demographic characteristics of the surveyed farmers: The socio-demographic 

characteristics of the respondents are presented in Table 3. The age distribution showed that the 

largest proportion of farmers belonged to the 31–40 years age group (32.22%), followed by the 

41–50 years (20.55%) and 51–60 years (18.33%) age groups. Farmers aged 18–30 years 

constituted 15.55% of the sample, whereas 13.33% were between 61 and 70 years of age. Thus, 

the study predominantly represented economically active and middle-aged farmers involved in 

agricultural decision-making. The respondents were predominantly male (95.55%), while female 

farmers accounted for only 4.44% of the sample. This distribution may reflect the predominance 

of male respondents involved in farm management and agricultural decision-making within the 

surveyed households. The respondents represented varying educational backgrounds, ranging 

from no formal education to higher education. Rice–wheat was the dominant cropping system 

across all three districts. Conventional farming was practiced by 87.22% of the respondents, 

whereas organic and natural farming were reported by 10.00% and 2.77% of farmers, respectively. 

These findings demonstrate the continued predominance of conventional, chemical-intensive 

agriculture in the surveyed region. The low proportion of farmers practicing organic and natural 

farming also suggests that the transition towards alternative production systems remains limited. 

Table 3: Descriptive socio-demographic profile of the surveyed farmers. 
 

Variable Category Kaithal Karnal Kurukshetra Total (%) 

Age distribution 18–30 years 12 8 8 15.55  
31–40 years 13 22 23 32.22  
41–50 years 12 13 12 20.55  
51–60 years 13 10 10 18.33  
61–70 years 10 7 7 13.33 

Gender Male 56 58 58 95.55  
Female 4 2 2 4.44 

Type of farming practice Conventional 54 50 53 87.22  
Organic 6 7 5 10.00  
Natural 0 3 2 2.77 

Note: n = 180.  

 

The predominance of conventional farming observed in the present study is consistent with 

the continued influence of intensive rice–wheat production systems and input-dependent 

agriculture in the Indo-Gangetic Plains. The findings are also in line with observations that 

farmers’ management decisions are strongly shaped by production requirements, technological 

familiarity, and perceived economic security (Pingali, 2012; Gupta et al., 2025). 

3.2 Farmers’ knowledge and practices regarding fertilizer and pesticide use 

3.2.1 Compliance with recommended fertilizer management practices: The results mentioned 

in Table 4 indicated considerable variation in farmers knowledge and compliance with 

recommended fertilizer management practices. The overall compliance with recommended 

fertilization practices was reported as 37.57%, indicating substantial scope for improving technical 

knowledge and adherence to recommended nutrient management practices. The findings suggest 
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that although farmers routinely used chemical fertilizers, their knowledge of recommended dosage, 

balanced nutrient application, and safe handling was limited. Only 38% of farmers followed 

recommended fertilizer application practices, as also highlighted in the manuscript abstract. 

Knowledge of fertilizer types, appropriate application rates, and balanced nutrient management 

was therefore not uniformly distributed among the surveyed farmers. 

Table 4: Compliance with recommended fertilizer management practices among surveyed farmers 
 

Practice Response/Compliance Percentage (%) 

Awareness regarding appropriate use of chemical fertilizers Yes 51.70 

Knowledge of recommended dosage/application guidelines Yes 38.30 

Reading safety labels before chemical use Yes 30.00 

Mixing different chemicals during application Yes 35.00 

Use of chemical and organic fertilizers in combination Yes 20.00 

Maintenance of fertilizer application records Yes 48 

Interest in training or guidance programmes Yes 40.00 

Note: Percentages are based on n = 180 

Note: Overall compliance =37.57% 

The relatively low proportion of farmers following recommended application guidelines 

indicates that routine use of fertilizers does not necessarily correspond to scientifically informed 

nutrient management. Similar gaps between fertilizer use and adherence to recommended practices 

have been reported in previous studies, where limited technical knowledge and inadequate access 

to extension services influenced farmers’ fertilizer management decisions (Rahman et al., 2020). 

3.2.2 Sources of information and fertilizer-use patterns: Farmers relied primarily on informal 

sources of information regarding fertilizer use. Fellow farmers constituted the most important 

source of information (50%), followed by mass media, including television, newspapers, and 

social media (35%). Private companies were reported as the main information source by 10% of 

respondents, whereas government extension agencies accounted for only 5% (Table 5). 

Table 5: Primary sources of information regarding fertilizer use among farmers 
 

Source of information Frequency (n) Percentage (%) 

Government extension agencies 9 5 

Fellow farmers 90 50 

Mass media 63 35 

Private companies 18 10 

Note: n = 180. χ2 (fertilizers) = 97.2, df = 3, p < 0.001 

The chi-square test indicated a highly significant difference in the utilization of information 

sources (χ² = 97.2, df = 3, p < 0.001), confirming that farmers do not rely equally on different 

channels for fertilizer-related information. The strong dependence on fellow farmers demonstrates 

the importance of peer networks in influencing agricultural decision-making. The limited role of 

government extension agencies indicates a potential gap between formal agricultural advisory 

systems and farmers’ day-to-day management decisions. The dominance of informal information 

channels is consistent with observations reported by Ngowi et al. (2007), who found that farmer-

to-farmer communication played an important role in pesticide-related decision-making. 
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Fig. 2: Fertilizer use patterns among the surveyed farmers. 

The use of fertilizers was dominated by nitrogen-based inputs, followed by phosphorus- 

and potassium-based fertilizers (Fig 2). Organic fertilizers and micronutrients were comparatively 

less frequently reported. The observed pattern reflects the continuing importance of conventional 

nutrient inputs in intensive rice–wheat production systems. The predominance of nitrogen-based 

fertilizers is consistent with fertilizer-use patterns reported for cereal-based agricultural systems 

and reinforces concerns regarding nutrient imbalance and inefficient fertilizer management (Ladha 

et al., 2016; Penuelas et al., 2023). 

 
 

Fig. 3 (a) and (b) Fertilizer application frequency and its perceived impact on soil quality. 

In terms of application frequency in Fig 3(a), 66.77% of farmers applied fertilizers twice 

during each cropping season, while 33.30% applied fertilizers three times. This trend suggests a 

preference for more frequent fertilizer applications, likely aimed at maximizing short-term yields 

instead of optimizing nutrient-use efficiency. However, when considered alongside the low 

compliance with recommended dosages (as indicated in earlier findings), this frequency may be 

more indicative of repeated corrective applications rather than a well-planned nutrient 
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management strategy. This could increase the risk of nutrient losses and soil degradation. Farmers’ 

perceptions of soil quality as shown in Fig. 3(b) indicate a significant discrepancy between the 

intensity of inputs used and the outcomes observed. While 35% of respondents reported 

improvements in soil fertility, a larger proportion (42%) acknowledged that soil quality was 

deteriorating over time, and 23% noted no noticeable change. This perception of soil degradation, 

despite the high use of fertilizers, suggests a declining response to chemical inputs. This decline 

may be attributed to nutrient imbalances, reduced organic matter, and the long-term overuse of 

synthetic fertilizers. 

3.2.3 Challenges and decision-making regarding chemical use: The major challenges and 

factors influencing pesticide-use decisions are presented in Table 6. High cost was identified as 

the most important challenge, reported by 61% of respondents. Concerns regarding the availability 

of quality fertilizers were reported by 44%, while 36% identified inadequate knowledge of proper 

application methods as a major challenge. Environmental concerns were comparatively less 

frequently identified, accounting for 28% of responses. Pesticide-use decisions were mainly based 

on visible pest infestation (50%) and personal experience (40%). Only 5% of respondents relied 

primarily on expert recommendations, while another 5% based their decisions on availability and 

cost. The results demonstrate that economic considerations and experiential knowledge play a 

central role in farmers’ agrochemical-use decisions. The limited dependence on expert 

recommendations suggests a need to strengthen locally accessible agricultural advisory and 

extension systems. The importance of economic constraints is consistent with Sheahan and Barrett 

(2017), who also identified financial and input-related constraints as important factors affecting 

agricultural input use. 

Table 6: Challenges faced by farmers and factors influencing pesticide-use decisions 

Variable Response/indicator Frequency (n) Percentage (%) 

Challenges in chemical 

application 

High cost 110 61 

 
Availability of quality fertilizers 79 44  
Lack of knowledge regarding proper 

application 

65 36 

 
Environmental concerns 50 28 

Decision-making 

regarding pesticide use 

Based on pest infestation 90 50 

 
Based on expert recommendation 9 5  
Personal experience 72 40  
Availability and cost 9 5 

Note: n = 180. 

3.2.4 Compliance with recommended pesticide-use practices 

Compliance with selected pesticide-use practices was uneven (Table 7). A relatively high 

proportion of farmers checked weather conditions before pesticide application, with 60% reporting 

full compliance and 30% partial compliance. However, compliance was substantially lower for 

pesticide rotation and adherence to recommended dosage and safety guidelines. Only 40% of 

respondents reported rotating pesticides to prevent resistance, whereas 50% were non-compliant. 

Similarly, approximately 39.4% followed recommended dosage and safety guidelines, while 
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26.1% were partially compliant and 34.4% were non-compliant. Reading safety labels was also 

limited, with only 30% of respondents reporting compliance. Furthermore, 60% indicated that they 

had not received guidance regarding pesticide use. 

Table 7: Compliance with recommended pesticide-use practices 
 

Practice Compliant, n Partially compliant, 

n 

Non-compliant, 

n 

Rotate pesticides to prevent resistance 72 18 90 

Check weather conditions before pesticide 

application 

108 54 18 

Follow recommended dosage and safety guidelines 71 47 62 

Read safety labels before using pesticides 54 – 126 

Received guidance regarding pesticide use 72 – 108 

Compliant = Yes; Partially compliant = Sometimes; Non-compliant = No. n = 180. 

These findings indicate a distinction between practices associated with immediate and 

visible risks, such as checking weather conditions, and practices requiring more technical 

knowledge, such as pesticide rotation and dosage management. The low level of label reading and 

formal guidance highlights the importance of strengthening farmers’ knowledge regarding 

pesticide resistance, recommended dosages, and safe handling. 

3.3 Farmers’ attitudes towards chemical inputs and sustainable alternatives 

Farmers’ perceptions, decision drivers, adaptive practices, and barriers to reducing 

chemical dependence are summarized in Table 8. A strong belief in the necessity of chemical 

fertilizers for maintaining crop yield was evident, with 70% of respondents strongly agreeing and 

20% agreeing with this statement. Only 4% disagreed. The willingness to adopt biopesticides and 

organic fertilizers was more variable. Forty percent of respondents expressed willingness to adopt 

such alternatives, whereas 31% were unwilling and 29% were uncertain. The principal motivation 

influencing farmers’ decisions regarding chemical reduction was the need to maintain high crop 

yields (40%). A perceived lack of alternatives was reported by 30%, whereas cost saving, 

preference for organic products, and environmental concerns accounted for smaller proportions. 

The results demonstrate a clear gap between farmers’ willingness to consider alternative 

practices and their actual adoption. Although 40% expressed willingness to use biopesticides and 

organic fertilizers, only a limited proportion reported practices such as biological pest control and 

composting. The perceived risk of reduced crop yield was the most important barrier to reducing 

chemical inputs, reported by 60% of respondents. This finding suggests that farmers’ dependence 

on chemical inputs is strongly associated with production security and risk avoidance. Similar 

findings have been reported by Chèze et al. (2020), who demonstrated that farmers’ reluctance to 

reduce pesticide use is closely associated with concerns regarding productivity and economic risk. 

Government subsidies were identified as the most important measure that could facilitate the 

adoption of organic alternatives, followed by improved availability of biofertilizers and 

biopesticides and training programmes. These findings are consistent with Piñeiro et al. (2020), 

who emphasized the importance of financial support, institutional assistance, and capacity building 

in promoting the adoption of sustainable agricultural practices. Mechanical pesticide application 

was dominant, with 80% of farmers reporting the use of machine spraying, compared with 20% 
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using manual spraying. Pest infestation level was identified as the most important factor affecting 

pesticide application, followed by weather conditions, crop growth stage, and expert 

recommendations. 

Table 8: Farmers’ perceptions, decision drivers, and practices related to fertilizer and pesticide use 
 

Variable Indicator Frequency (n) Percentage (%) 

Belief regarding the necessity of 

fertilizers for crop yield 

Strongly agree 126 70 

 
Agree 36 20  
Neutral 10.8 6  
Disagree 7.2 4 

Willingness to use biopesticides and 

organic fertilizers 

Yes 72 40 

 
No 55.8 31  
Maybe 52.2 29 

Motivation and decision drivers Maintaining high yield 72 40  
No alternatives 54 30  
Cost saving 18 10  
Organic product 9 5  
Environmental concern 9 5 

Alternative and adaptive practices Natural fertilizer 54 30  
Biological pest control 18 10  
Crop rotation 54 30  
Composting 18 10  
Reduced/no-till farming 36 20 

Constraints to reducing chemical use Limited knowledge about 

alternatives 

36 20 

 
High cost of organic/biological 

products 

36 20 

 
Risk of lower yields 108 60 

Support and enabling measures Government subsidies for organic 

alternatives 

79.2 44 

 
Better availability of biofertilizers 

and biopesticides 

52.2 29 

 
Training and awareness 

programmes 

28.8 16 

 
Other 19.8 11 

Factors affecting pesticide application Pest infestation level 84.6 47  
Weather conditions 41.4 23  
Crop growth stage 36 20  
Expert recommendations 18 10 

Application technology Manual spraying 36 20  
Tractor/machine spraying 144 80 

Safety and storage practices Separate storage area 108 60  
Same area as food/animal feed 36 20  
Outdoor without cover 18 10  
Other 18 10 

Disposal of pesticide containers Dispose in an open area 90 50  
Burn 32.4 18  
Bury 21.6 12  
Reuse 36 20 

 



Grover et al., 2026 / Environ. We Int. J. Sci. Tech. 21, 35-54 

 46 

Storage and disposal practices also revealed important areas of concern. Although 60% of 

respondents reported maintaining a separate storage area for agrochemicals, 20% stored them in 

the same area as food or animal feed. In addition, disposal in open areas was reported by 50% of 

respondents, while 20% reused empty pesticide containers. These findings indicate a continuing 

need for improved awareness and infrastructure for safe agrochemical storage and disposal. 

Similar concerns regarding pesticide handling and disposal have been reported in other agricultural 

communities (Udayanga et al., 2024; Hu, 2020). 

3.4 Perceived health and environmental impacts of chemical inputs: Farmers’ perceptions 

regarding routes of pesticide exposure, health symptoms, and environmental consequences are 

presented in Fig. 4 and Table 9. The major perceived routes of pesticide exposure were oral and 

dermal exposure, each reported by approximately 76% of respondents. Eye exposure, skin 

exposure, and inhalation were also commonly recognized, reported by 61%, 76%, and 60% of 

respondents, respectively. The recognition of multiple exposure pathways indicates that farmers 

possess some awareness of direct occupational exposure to pesticides. Skin contact, inhalation, 

ingestion, and eye exposure are recognized routes through which pesticide exposure may occur 

(Mnif et al., 2011; Mostafalou and Abdollahi, 2017). The most commonly reported health 

symptoms associated with pesticide exposure were skin irritation, breathing difficulty, and 

dizziness. These findings should be interpreted as self-reported health experiences or perceptions 

and not as clinically diagnosed health outcomes. The occurrence of self-reported symptoms 

following pesticide exposure is consistent with previous studies highlighting potential short- and 

long-term health consequences associated with unsafe pesticide handling (Damalas and 

Eleftherohorinos, 2011; Shekhar et al., 2024). Farmers’ perceptions of the environmental 

consequences of chemical inputs were mixed and often uncertain. Only 10% of respondents agreed 

that fertilizers and pesticides could affect water bodies, whereas 60% disagreed and 30% were 

uncertain. In comparison, 40% recognized a decline in beneficial insects and 40% perceived a 

possible long-term decline in soil fertility. Similarly, 40% believed that chemical inputs could 

affect wildlife and biodiversity. Only 20% of respondents considered biofertilizers and 

biopesticides to be viable alternatives to conventional chemical inputs, while 40% disagreed and 

40% remained uncertain. 

 

Fig. 4: Farmers’ perceived routes of pesticide exposure through different parts of the body. 
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Table 9: Farmers’ perceptions of environmental and ecological impacts of chemical inputs (n = 180) 
 

Opinion Yes, n (%) No, n (%) Not sure, n (%) 

Chemicals affect water bodies 18 (10%) 108 (60%) 54 (30%) 

Decline in beneficial insects 72 (40%) 45 (25%) 63 (35%) 

Long-term decline in soil fertility 72 (40%) 63 (35%) 45 (25%) 

Biofertilizers and biopesticides as alternatives to 

chemical inputs 

36 (20%) 72 (40%) 72 (40%) 

Pesticides and fertilizers affect local wildlife and 

biodiversity 

72 (40%) 54 (30%) 54 (30%) 

Note: n = 180. 

The findings indicate fragmented environmental awareness among farmers. While a 

substantial proportion recognized potential impacts on beneficial insects, soil fertility, and 

biodiversity, awareness regarding possible effects on water bodies was particularly limited. The 

large proportion of respondents expressing uncertainty about several environmental consequences 

further indicates a need for targeted environmental education and extension programmes. These 

findings support the broader argument that farmers’ environmental perceptions and production 

decisions are influenced not only by scientific information but also by practical experience, 

economic priorities, and the availability of alternatives. Improving awareness of nutrient losses, 

pesticide transport, biodiversity impacts, and long-term soil health may therefore be important for 

promoting more sustainable input management. 

3.5 Factors influencing farmers’ decision-making regarding chemical use: The predominance 

of productivity enhancement and crop-loss prevention as reasons for agrochemical use indicates 

that farmers’ decisions are primarily influenced by production security and the perceived need to 

maintain stable crop yields. In the present study, 51% of respondents identified increasing crop 

productivity as the main reason for using chemical fertilizers and pesticides, while 32% reported 

prevention of crop losses as the primary reason (Fig. 5). These findings suggest that chemical 

inputs are valued mainly for their perceived immediate contribution who reported that farmers’ 

pesticide-use decisions are strongly influenced by the need to reduce the risk of crop losses. At the 

same time, the finding that 50% of respondents expressed willingness to adopt alternative or 

organic practices (Fig. 6) does not necessarily contradict their reliance on chemical inputs for 

production security. Importantly, this 50% represents willingness to consider alternative or organic 

practices rather than actual adoption of organic farming. The two responses therefore reflect 

different aspects of farmers’ decision-making: the preference for chemical inputs reflects concerns 

about immediate productivity and crop-loss risk, whereas willingness to consider alternatives 

indicates an openness to changing practices when suitable conditions and safeguards are available. 

This interpretation is further supported by the finding that 60% of respondents identified the risk 

of reduced crop yield as a major barrier to reducing chemical inputs. 

Economic considerations may also influence this willingness to consider alternative 

practices. Farmers are likely to evaluate alternative farming systems not only in terms of 

productivity but also in relation to input costs, expected returns, market opportunities, and the 

availability of institutional support. In the present study, 20% of respondents identified the high 

cost of organic or biological inputs as a constraint, while 44% identified government subsidies for 

organic alternatives as an important measure for facilitating adoption. Thus, the willingness to 

adopt alternatives appears to be conditional upon both production security and economic 
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feasibility. Although potential benefits such as premium prices for certified organic produce and 

reduced dependence on external inputs over the longer term may improve the economic 

attractiveness of organic farming, these factors were not directly measured in the present study and 

therefore cannot be considered demonstrated drivers of farmers’ decisions. 

Accordingly, the coexistence of a strong preference for chemical inputs and willingness to 

consider alternative practices should not be interpreted as an inconsistency. Rather, it suggests that 

farmers recognize the perceived short-term production benefits of agrochemicals while remaining 

open to alternative systems if concerns regarding yield risk, input costs, market returns, and 

institutional support are adequately addressed. This interpretation is consistent with Chèze et al. 

(2020), who reported that farmers are more likely to reduce pesticide use when they are confident 

that crop productivity will not decline. Similarly, Möhring et al. (2024) emphasized the importance 

of economic considerations and production outcomes in farmers’ decisions to adopt organic 

agriculture. Therefore, facilitating a transition towards alternative farming practices would require 

not only technical and extension support but also measures that reduce perceived economic and 

production risks, including access to affordable alternatives, appropriate incentives, reliable 

markets, and mechanisms that support farmers during the transition. 

  
 

Fig. 5: Farmers’ reasons for using chemical fertilizers and 

pesticides. 

 

Fig. 6: Willingness of farmers to adopt organic and 

alternative farming practices. 

The results suggest that a substantial proportion of farmers may be receptive to alternative 

practices, provided that concerns regarding economic security and crop productivity are 

adequately addressed.  

3.6 Awareness regarding pesticide handling and personal protective practices: The findings 

related to pesticide handling and hygiene practices are presented in Table 10. Overall, the results 

indicate a mixed pattern of safe and unsafe practices. Seventy-five percent of respondents reported 

that they did not eat, drink, or smoke while spraying pesticides. A high proportion reported taking 

a bath after spraying (90%), and all respondents reported changing their clothes following pesticide 

application. In addition, 95% reported checking wind direction before spraying. 

51%

32%

10%

7%

to increase crop productivity prevent crop loss

ease to application no alternatives

50%

25%

25%

yes no may be
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Table 10: Safety and hygiene practices followed by farmers during and after pesticide use 
 

Practice Yes (%) No (%) 

Eat, drink, or smoke while spraying pesticides 25 75 

Take a bath after spraying 90 10 

Change clothes after spraying 100 – 

Store food items in a pesticide bottle after use 10 90 

Determine wind direction before spraying 95 5 

Wash sprayer/bottle in ponds/canals/rivers 84 16 

 

The high proportion of respondents reporting post-application hygiene practices and 

attention to wind direction indicates awareness of certain immediate risks associated with pesticide 

application. Similar relationships between risk perception and safer pesticide-use practices have 

been discussed by Jallow et al. (2017) and Tsakiris et al. (2025). However, important unsafe 

practices remain. Ten percent of respondents reported storing food items in pesticide containers 

after use, representing a potentially hazardous practice. Similar concerns regarding pesticide-

container misuse have been reported in farming communities in Nigeria and Iran (Yami et al., 

2025; Nasrabadi et al., 2025). 

3.7 Overall synthesis of the findings: The present study demonstrates a clear gap between the 

routine use of agrochemicals and farmers’ technical knowledge, environmental awareness, and 

compliance with recommended management practices. Conventional farming dominated the 

surveyed population, while organic and natural farming practices were adopted by only a small 

proportion of respondents. Farmers primarily depended on fellow farmers, personal experience, 

and visible pest infestation when making fertilizer and pesticide management decisions. Formal 

extension services and expert recommendations played a comparatively limited role. The results 

also revealed low compliance with several recommended practices, particularly reading safety 

labels, pesticide rotation, adherence to recommended dosage, and receipt of formal guidance. At 

the same time, the findings indicate that farmers are not necessarily unwilling to consider 

sustainable alternatives. A substantial proportion expressed willingness to adopt organic or 

alternative farming practices. However, the perceived risk of lower yields, high costs, limited 

knowledge, and inadequate availability of alternatives remained major barriers. The results 

therefore suggest that efforts to reduce excessive dependence on chemical inputs should not rely 

solely on awareness campaigns. Effective interventions should combine farmer training, 

strengthened extension services, demonstration of economically viable alternatives, improved 

availability of biofertilizers and biopesticides, safe storage and disposal infrastructure, and policy 

incentives. Such integrated interventions may help address the observed gap between awareness, 

willingness, and actual adoption of improved agrochemical management practices. 

4. Conclusions 

The study conducted in the rice–wheat intensive districts of Kaithal, Karnal, and 

Kurukshetra highlights the continued dominance of chemical-intensive agriculture and its 

associated health and environmental implications. Although the Green Revolution significantly 

improved food security, it also entrenched heavy dependence on fertilizers and pesticides, which 

now poses serious sustainability challenges. Findings reveal moderate awareness but limited 

technical understanding among farmers regarding correct dosages, application methods, and safety 
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precautions. A majority do not read safety labels, and only a small proportion consistently follow 

recommended guidelines. Fertilizer use is heavily skewed toward nitrogen-based inputs, with 

limited adoption of organic alternatives. Pesticide decisions are largely based on personal 

experience or peer advice rather than expert consultation. While some farmers recognize 

environmental and health risks, overall awareness of long-term impacts on soil fertility, water 

quality, and biodiversity remains low. Health symptoms related to pesticide exposure, such as skin 

irritation and respiratory problems, are common, yet protective measures and safe storage/disposal 

practices remain inconsistent. Awareness and adoption of sustainable alternatives such as 

Integrated Pest Management (IPM), biofertilizers, and biopesticides are minimal. Farmers’ strong 

belief that chemical inputs are essential for yield security reflects risk-averse behavior shaped by 

economic pressures, high input costs, and limited institutional support. The study underscores a 

clear gap between awareness and sustainable practice. Farmers are not inherently resistant to 

change; rather, their decisions are guided by economic rationality and structural constraints. 

Therefore, reducing chemical dependency requires integrated interventions, including 

strengthened extension services, practical training, improved access to bio-inputs, financial 

incentives, and effective policy support. Aligning environmental sustainability with farmers’ 

economic security is essential for enabling a realistic and lasting transition toward safer and more 

sustainable agricultural systems. 

Authors' Contribution: Dr. Dipti Grover has contributed to the conceptualization of the work, supervised the work, 

value addition, final editing and is the corresponding author, Aman has contributed to original draft writing, data 

collection and data analysis, Shakuntla has contributed to manuscript writing and interpretation of findings, and all 

authors have reviewed and approved the final manuscript. 
Funding- Not applicable 

Conflicts of interest/Competing interests- The authors declare no competing interests. 

Ethics approval (include appropriate approvals or waivers)- By submitting this manuscript, we affirm that all listed 

authors have contributed significantly to the study aware of the submission, and agree to publication. 

 

References  

 

Adekunle, A. A., Ellis-Jones, J., Ajibefun, I., Nyikal, R. A., Bangali, S., Fatunbi, A. O., and Angé, A. 2013. 

Agricultural innovation in sub-Saharan Africa: Experiences from multiple stakeholder approaches. Accra, 

Ghana: Forum for Agricultural Research in Africa (FARA).http://hdl.handle.net/10919/70148 

Aghabeygi, M., Strauss, V., Paul, C. and Helming, K., 2024. Barriers of adopting sustainable soil management 

practices for organic and conventional farming systems. Discover Soil, 1(1), 11. https://doi.org/10.1007/ 

s44378-024-00008-1 

Akanmu, A.O., Akol, A.M., Ndolo, D.O., Kutu, F.R. and Babalola, O.O., 2023. Agroecological techniques: adoption 

of safe and sustainable agricultural practices among the smallholder farmers in Africa. Frontiers in 

Sustainable Food Systems, 7, 1143061. https://doi.org/10.3389/fsufs.2023.1143061 

Aktar, W., Sengupta, D. and Chowdhury, A., 2009. Impact of pesticides use in agriculture: their benefits and hazards. 

Interdisciplinary toxicology, 2(1), 1-12. https://doi.org/10.2478/v10102-009-0001-7 

Aryal, J. P., Sapkota, T. B., Krupnik, T. J., Rahut, D. B., Jat, M. L., and Stirling, C. M. 2021. Factors affecting farmers’ 

use of organic and inorganic fertilizers in South Asia. Environmental Science and Pollution 

Research, 28(37), 51480-51496. https://doi.org/10.1007/s11356-021-13975-7 

Atafar, Z., Mesdaghinia, A., Nouri, J., Homaee, M., Yunesian, M., Ahmadimoghaddam, M., andMahvi, A. H. 2010. 

Effect of fertilizer application on soil heavy metal concentration. Environmental Monitoring and Assessment, 

160(1–4), 83–89. https://doi.org/10.1007/s10661-008-0659-x 

Boedeker, W., Watts, M., Clausing, P., and Marquez, E. 2020. RETRACTED ARTICLE: The global distribution of 

acute unintentional pesticide poisoning: estimations based on a systematic review. BMC public health, 20(1), 

1875. https://doi.org/10.1186/s12889-020-09939-0 

http://hdl.handle.net/10919/70148
https://doi.org/10.1007/%20s44378-024-00008-1
https://doi.org/10.3389/fsufs.2023.1143061
https://doi.org/10.2478/v10102-009-0001-7
https://doi.org/10.1007/s11356-021-13975-7
https://doi.org/10.1007/s10661-008-0659-x
https://doi.org/10.1186/s12889-020-09939-0


Grover et al., 2026 / Environ. We Int. J. Sci. Tech. 21, 35-54 

 51 

Chekol, G. M. 2025. Understanding the factors behind non-adherence to pesticide safety guidelines among 

smallholder farmers in Fogera and MEcha districts, northwestern Ethiopia. BMC research notes, 18(1), 

177.  https://doi.org/10.1186/s13104-025-07217-z 

Chèze, B., David, M., and Martinet, V. 2020. Understanding farmers' reluctance to reduce pesticide use: A choice 

experiment. Ecological Economics, 167, 106349. https://doi.org/10.1016/j.ecolecon.2019.06.004 

Damalas, C. A., and Koutroubas, S. D. 2016. Farmers’ exposure to pesticides: toxicity types and ways of 

prevention. Toxics, 4(1), 1. https://doi.org/10.3390/toxics4010001 

Damalas, C.A. and Eleftherohorinos, I.G., 2011. Pesticide exposure, safety issues, and risk assessment indicators. 

International journal of environmental research and public health, 8(5), 1402-1419. https://doi.org/ 10.3390/ 

ijerph8051402 

De Costa, D.M., De Costa, J.M., Weerathunga, M.T., Prasannath, K. and Bulathsinhalage, V.N., 2021. Assessment of 

management practices, awareness on safe use of pesticides and perception on integrated management of pests 

and diseases of chilli and tomato grown by small‐scale farmers in selected districts of Sri Lanka. Pest 

Management Science, 77(11), 5001-5020. https://doi.org/10.1002/ps.6542 

Debangshi U, Ghosh P. 2022. Rice wheat cropping systems constraints and strategies: A Review. Plant Archives, 22 

(1), 19-28. https://doi.org/10.51470/PLANTARCHIVES.2022.v22.no1.004 

Dhankhar, R., and Kumar, S. 2023. Health impacts of pesticide exposure among farmers: Short-term and long-term 

effects. Journal of Environmental Health and Safety, 29(2), 45-58. 

FAI, 2020. Fertiliser Statistics 2019-20, 65th Edition. The Fertiliser Association of India, New Delhi. 

Fertilizer Association of India (FAI). 2023. Fertilizer statistics 2022–2023. New Delhi: The Fertilizer Association of 

India. https://www.faidelhi.org 

FICCI, 2016. Indian agrochemical industry: Imperatives of growth. Federation of Indian Chambers of Commerce and 

Industry (FICCI). 

Gesesew, H.A., Woldemichael, K., Massa, D. and Mwanri, L., 2016. Farmers knowledge, attitudes, practices and 

health problems associated with pesticide use in rural irrigation villages, Southwest Ethiopia. PloS one, 11(9), 

e0162527. https://doi.org/10.1371/journal.pone.0162527 

GoI, 2023. Government of India, Ministry of Agriculture and Farmers Welfare Department of Agriculture, 

Cooperation and Farmers Welfare Directorate of Plant Protection, Quarantine and Storage, Available at: 

(https://ppqs.gov.in/statistical-database) 

Gollin, D., Hansen, C. W., and Wingender, A. M. 2021. Two blades of grass: The impact of the green 

revolution. Journal of Political Economy, 129(8), 2344-2384. https://doi.org/10.1086/71444 

Grover, D., Chaudhry, S. and Mishra, A.K., 2025. Evaluating the influence of tillage and residue management 

practices on soil quality and nutrient dynamics in rice-wheat cropping systems in Haryana. Environmental 

Research Communications, 7(7), p.075010. https://doi.org/10.1088/2515-7620/adea36 

Grover, D., Mishra, A.K., Rani, P., Kalonia, N., Chaudhary, A. and Sharma, S., 2024. Soil management in sustainable 

agriculture: principles and techniques. In Technological approaches for climate smart agriculture (pp. 41-

77). Cham: Springer International Publishing.  https://doi.org/10.1007/978-3-031-52708-1_4 

Gupta, A.P., Kumar, V., Phogat, V.K., Sharma, S.K. and Kumar, S., 2025. Blending Traditional Knowledge of 

Farmers in Agriculture with Modern Scientific Technologies in the State of Haryana. In Blending Indian 

Farmers' Traditional Knowledge in Agriculture with Modern Scientific Technologies: A Way Forward (pp. 

51-78). Singapore: Springer Nature Singapore.Harwood, J. 2020. Could the adverse consequences of the 

green revolution have been foreseen? How experts responded to unwelcome evidence. Agroecology and 

Sustainable Food Systems, 44(4), 509-535. https://doi.org/10.1007/978-981-96-1020-4_3 

Hu, Z., 2020. What socio-economic and political factors lead to global pesticide dependence? A critical review from 

a social science perspective. International Journal of Environmental Research and Public Health, 17(21), 

8119. https://doi.org/10.3390/ijerph17218119  

International Fertilizer Association (IFA). 2017. Indian fertilizer market overview. https://www.fertilizer.org 

Jagani, R., Patel, H., Chovatiya, J. and Andra, S.S., 2025. The rise and risks of fluorinated pesticides: a call for 

comprehensive research to address environmental and health concerns. Journal of agricultural and food 

chemistry, 73(4), 2217. https://doi.org/10.1021/acs.jafc.4c12827 

Jallow, M.F., Awadh, D.G., Albaho, M.S., Devi, V.Y. and Thomas, B.M., 2017. Pesticide knowledge and safety 

practices among farm workers in Kuwait: Results of a survey. International journal of environmental 

research and public health, 14(4), 340. https://doi.org/10.3390/ijerph14040340 

Jat, M.L., Chakraborty, D., Ladha, J.K., Rana, D.S., Gathala, M.K., McDonald, A. and Gerard, B., 2020. Conservation 

agriculture for sustainable intensification in South Asia. Nature Sustainability, 3(4), 336-343. 

https://doi.org/10.1038/s41893-020-0500-2 

https://doi.org/10.1186/s13104-025-07217-z
https://doi.org/10.1016/j.ecolecon.2019.06.004
https://doi.org/10.3390/toxics4010001
https://doi.org/%2010.3390/%20ijerph8051402
https://doi.org/10.1002/ps.6542
https://doi.org/10.51470/PLANTARCHIVES.2022.v22.no1.004
https://www.faidelhi.org/
https://doi.org/10.1371/journal.pone.0162527
https://ppqs.gov.in/statistical-database
https://doi.org/10.1086/714444
https://doi.org/10.1088/2515-7620/adea36
https://doi.org/10.1007/978-3-031-52708-1_4
https://doi.org/10.1007/978-981-96-1020-4_3
https://doi.org/10.3390/ijerph17218119
https://www.fertilizer.org/
https://doi.org/10.3390/ijerph14040340
https://doi.org/10.1038/s41893-020-0500-2


Grover et al., 2026 / Environ. We Int. J. Sci. Tech. 21, 35-54 

 52 

Jote, C.A., 2023. The impacts of using inorganic chemical fertilizers on the environment and human health. Organic 

and Medicinal Chemistry International Journal, 13(3), 555864. 

Khan, N., Ray, R.L., Sargani, G.R., Ihtisham, M., Khayyam, M. and Ismail, S., 2021. Current progress and future 

prospects of agriculture technology: Gateway to sustainable agriculture. Sustainability, 13(9), 4883. 

https://doi.org/10.3390/su13094883 

Kumar, A., Dash, G.K., Sahoo, S.K., Lal, M.K., Sahoo, U., Sah, R.P., Ngangkham, U., Kumar, S., Baig, M.J., Sharma, 

S. and Lenka, S.K., 2023. Phytic acid: A reservoir of phosphorus in seeds plays a dynamic role in plant and 

animal metabolism. Phytochemistry Reviews, 22(5), 1281-1304. https://doi.org/10.1007/s11101-023-09868-

x 

Ladha, J.K., Tirol-Padre, A., Reddy, C.K., Cassman, K.G., Verma, S., Powlson, D.S., van Kessel, C., de B. Richter, 

D., Chakraborty, D. and Pathak, H., 2016. Global nitrogen budgets in cereals: A 50-year assessment for 

maize, rice and wheat production systems. Scientific reports, 6(1), 19355. https://doi.org/10.1038/srep19355 

Lithourgidis, C.S., Stamatelatou, K. and Damalas, C.A., 2016. Farmers’ attitudes towards common farming practices 

in northern Greece: implications for environmental pollution. Nutrient Cycling in Agroecosystems, 105(2), 

103-116. https://doi.org/10.1007/s10705-016-9778-x 

Lybbert, T.J. and Sumner, D.A., 2012. Agricultural technologies for climate change in developing countries: Policy 

options for innovation and technology diffusion. Food policy, 37(1), 114-123. https://doi.org/10.1016/ 

j.foodpol.2011.11.001 

Malik, D.P. and Choudhary, N., 2024. Structural changes in Haryana agriculture. Asian Journal of Agricultural 

Extension, Economics and Sociology, 42(10), 130-137. https://doi.org/10.9734/ajaees/2024/v42i102568 

Mehar, M., Mittal, S. and Prasad, N., 2016. Farmers coping strategies for climate shock: Is it differentiated by gender?. 

Journal of Rural Studies, 44, 123-131. http://dx.doi.org/10.1016/j.jrurstud.2016.01.001 

Mishra, A.K., Arya, R., Tyagi, R., Grover, D., Mishra, J., Vimal, S.R., Mishra, S. and Sharma, S., 2021. Non-judicious 

use of pesticides indicating potential threat to sustainable agriculture. In Sustainable agriculture reviews 50: 

emerging contaminants in agriculture (pp. 383-400). Cham: Springer International Publishing. 

https://doi.org/10.1007/978-3-030-63249-6_14 

Mishra, A.K., Sinha, D.D., Grover, D., Roohi, Mishra, S., Tyagi, R., Sheoran, H.S. and Sharma, S., 2022. Regenerative 

agriculture as climate smart solution to improve soil health and crop productivity thereby catalysing farmers’ 

livelihood and sustainability. In Towards sustainable natural resources: monitoring and managing ecosystem 

biodiversity (pp. 295-309). Cham: Springer International Publishing. https://doi.org/10.1007/978-3-031-

06443-2_16 

Mnif, W., Hassine, A.I.H., Bouaziz, A., Bartegi, A., Thomas, O. and Roig, B., 2011. Effect of endocrine disruptor 

pesticides: a review. International journal of environmental research and public health, 8(6), 2265-2303. 

https://doi.org/10.3390/ijerph8062265 

Möhring, N., Muller, A. and Schaub, S., 2024. Farmers’ adoption of organic agriculture—a systematic global literature 

review. European Review of Agricultural Economics, 51(4),1012-1044. https://doi.org/10.1093/erae/jbae025 

Mostafalou, S. and Abdollahi, M., 2017. Pesticides: an update of human exposure and toxicity. Archives of toxicology, 

91(2), 549-599. https://doi.org/10.1007/s00204-016-1849-x 

Na, H., Yan, X., Xing, R. and Jiang, A., 2024. The empirical effect of agricultural social services on pesticide inputs. 

Scientific Reports, 14(1), 15907. https://doi.org/10.1038/s41598-024-67016-7 

Nasrabadi, M., Gholian Aval, M., Tajfard, M., Peyman, N., Tavakoly Sany, S.B. and Khodadadi, N., 2025. The effect 

of educational intervention based on the health action model on safe use of pesticides in Iranian farmers. 

Scientific Reports, 15(1), p.19955. https://doi.org/10.1038/s41598-025-03734-w 

Ngowi, A.V.F., Mbise, T.J., Ijani, A.S., London, L. and Ajayi, O.C., 2007. Smallholder vegetable farmers in Northern 

Tanzania: Pesticides use practices, perceptions, cost and health effects. Crop protection, 26(11), pp.1617-

1624. https://doi.org/10.1016/j.cropro.2007.01.008 

Nitu, R., Kumar, S., and Sharma, P. 2016. Unsafe pesticide handling practices and their impact on health risks: A 

study of farmers' behaviors in agricultural settings. Journal of Environmental Health, 18(3), 210-223. 

Nitu, R., Kumar, S., and Sharma, P. 2023. The need for farmer education and awareness in reducing health and 

environmental risks: A study on pesticide use and protective gear in agricultural practices. Journal of 

Agricultural Safety and Health, 19(1), 78-89. 

Norman, G.R. and Streiner, D.L., 2008. Biostatistics: the bare essentials. PMPH USA (BC Decker). 

Parayil, G., 1992. The green revolution in India: A case study of technological change. Technology and culture, 33(4), 

737-756. https://doi.org/10.1353/tech.1992.0006 

Parveen, S. 2010. Integrated pest management and pesticide awareness among farmers in Bangladesh. Bangladesh 

Journal of Environmental Science, 6(2), 76-81.  

https://doi.org/10.3390/su13094883
https://doi.org/10.1007/s11101-023-09868-x
https://doi.org/10.1038/srep19355
https://doi.org/10.1007/s10705-016-9778-x
https://doi.org/10.1016/%20j.foodpol.2011.11.001
https://doi.org/10.9734/ajaees/2024/v42i102568
http://dx.doi.org/10.1016/j.jrurstud.2016.01.001
https://doi.org/10.1007/978-3-030-63249-6_14
https://doi.org/10.1007/978-3-031-06443-2_16
https://doi.org/10.3390/ijerph8062265
https://doi.org/10.1093/erae/jbae025
https://doi.org/10.1007/s00204-016-1849-x
https://doi.org/10.1038/s41598-024-67016-7
https://doi.org/10.1038/s41598-025-03734-w
https://doi.org/10.1016/j.cropro.2007.01.008


Grover et al., 2026 / Environ. We Int. J. Sci. Tech. 21, 35-54 

 53 

Penuelas, J., Coello, F. and Sardans, J., 2023. A better use of fertilizers is needed for global food security and 

environmental sustainability. griculture and Food Security, 12(1), 5. https://doi.org/10.1186/s40066-023-

00409-5 

Piñeiro, V., Arias, J., Dürr, J., Elverdin, P., Ibáñez, A.M., Kinengyere, A., Opazo, C.M., Owoo, N., Page, J.R., Prager, 

S.D. and Torero, M., 2020. A scoping review on incentives for adoption of sustainable agricultural practices 

and their outcomes. Nature Sustainability, 3(10), pp.809-820.Pingali, P. L. 2012. Green revolution: impacts, 

limits, and the path ahead. Proceedings of the national academy of sciences, 109(31), 12302-12308. 

https://doi.org/10.1038/s41893-020-00617-y  

Pretty, J. and Pervez Bharucha, Z., 2015. Integrated pest management for sustainable intensification of agriculture in 

Asia and Africa. Insects, 6(1), 152-182. https://doi.org/10.3390/insects6010152  

Raheem, S.M., Rasul, H.I. and Harun, R., 2020. Farmer's behavior and attitude in using chemical fertilizers and 

pesticide in Rural areas. Journal of Plant Production, 11(11), pp.1077-1081. https://doi.org/10.21608/ 

jpp.2020.130915  

Rahman, M.M. and Connor, J.D., 2022. Impact of agricultural extension services on fertilizer use and farmers’ 

welfare: Evidence from Bangladesh. Sustainability, 14(15), 9385. https://doi.org/10.3390/su14159385  

Rohila, A.K., Ghanghas, B.S., Shehrawat, P.S. and Pawan Kumar, P.K., 2016. Socio economic profile of direct seeded 

rice (DSR) farmers of Haryana. https://doi.org/10.31018/jans.v8i1.815  

Sarkar, S., Gil, J.D.B., Keeley, J. and Jansen, K., 2021. The use of pesticides in developing countries and their impact 

on health and the right to food. European Union. 

Sebby, K., 2010.The Green Revolution: A Review and Assessment of Its Successes and Limitations. 

Sheahan, M. and Barrett, C.B., 2017. Ten striking facts about agricultural input use in Sub-Saharan Africa. Food 

policy, 67, pp.12-25. https://doi.org/10.1016/j.foodpol.2016.09.010  

Shekhar, C., Khosya, R., Thakur, K., Mahajan, D., Kumar, R., Kumar, S. and Sharma, A.K., 2024. A systematic 

review of pesticide exposure, associated risks, and long-term human health impacts. Toxicology Reports, 13, 

p.101840. https://doi.org/10.1016/j.toxrep.2024.101840  

Singh, B. and Ryan, J., 2015. Managing fertilizers to enhance soil health. International Fertilizer Industry Association, 

Paris, France, 1, 1-24. 

Tessema, R.A., Nagy, K. and Ádám, B., 2022. Occupational and environmental pesticide exposure and associated 

health risks among pesticide applicators and non-applicator residents in rural Ethiopia. Frontiers in Public 

Health, 10, 1017189. https://doi.org/10.3389/fpubh.2022.1017189  

Tsakiris, P., Damalas, C.A. and Koutroubas, S.D., 2025. Risk perception and use of personal protective equipment 

(PPE) in pesticide use: does risk shape farmers’ safety behavior?. International Journal of Environmental 

Health Research, 35(2), 453-463. https://doi.org/10.1080/09603123.2024.2359076  

Tudi, M., Daniel Ruan, H., Wang, L., Lyu, J., Sadler, R., Connell, D., Chu, C. and Phung, D.T., 2021. Agriculture 

development, pesticide application and its impact on the environment. International journal of environmental 

research and public health, 18(3), p.1112. https://doi.org/10.3390/ijerph18031112  

Udayanga, S., Bellanthudawa, B.K.A. and De Zoysa, H.L.S., 2024. Sustainable agriculture and responsible use of 

pesticides: commercial crop cultivators’ knowledge, attitudes, and practice perspectives regarding pesticide 

use. Frontiers in Sustainable Food Systems, 8, 1490110. 

Viancelli, A., and Michelon, W., 2024. Climate change and nitrogen dynamics: Challenges and strategies for a 

sustainable future. Nitrogen, 5(3), 688-701.  https://doi.org/10.3389/fsufs.2024.1490110  

Wongta, A., Kyi, N.E.M.M., Samar, M., Hongsibsong, S., Kawichai, S., Kohsuwan, K., Promkam, N., Somsunun, K., 

Thongjan, N. and Prapamontol, T., 2025. Demographic and Environmental Determinants of Lung Function 

in Rural Northern Thailand. Environmental Challenges, p.101310. https://doi.org/10.1016/j.envc.2025. 

101310  

Yadav, A., and Dutta, R. 2019. Environmental contamination and health risks from excessive pesticide and fertilizer 

use in agriculture: A review of current practices and their impact. Environmental Toxicology and Chemistry, 

38(5), 1023-1035. 

Yami, M., Liverpool-Tasie, L.S.O., Maiwad, R., Wossen, T., Falade, T.D., Oyinbo, O., Yamauchi, F., Chamberlin, J., 

Feleke, S. and Abdoulaye, T., 2025. Farmers' pesticide use, disposal behavior, and pre-harvest interval: a 

case study from Nigeria. Frontiers in Sustainable Food Systems, 9, 1520943.https://doi.org/10.3389/ 

fsufs.2025.1520943  

Yasir, M., Hossain, A. and Pratap-Singh, A., 2025. Pesticide degradation: Impacts on soil fertility and nutrient cycling. 

Environments, 12(8), 272. https://doi.org/10.3390/environments12080272   

https://doi.org/10.1186/s40066-023-00409-5
https://doi.org/10.1038/s41893-020-00617-y
https://doi.org/10.3390/insects6010152
https://doi.org/10.21608/%20jpp.2020.130915
https://doi.org/10.3390/su14159385
https://doi.org/10.31018/jans.v8i1.815
https://doi.org/10.1016/j.foodpol.2016.09.010
https://doi.org/10.1016/j.toxrep.2024.101840
https://doi.org/10.3389/fpubh.2022.1017189
https://doi.org/10.1080/09603123.2024.2359076
https://doi.org/10.3390/ijerph18031112
https://doi.org/10.3389/fsufs.2024.1490110
https://doi.org/10.1016/j.envc.2025.%20101310
https://doi.org/10.3389/%20fsufs.2025.1520943
https://doi.org/10.3390/environments12080272
https://search.crossref.org/search/works?q=Yasir%2C+M.%2C+Hossain%2C+A.+and+Pratap-Singh%2C+A.%2C+2025.+Pesticide+degradation%3A+Impacts+on+soil+fertility+and+nutrient+cycling.+Environments%2C+12%288%29%2C+p.272.&from_ui=yes


Grover et al., 2026 / Environ. We Int. J. Sci. Tech. 21, 35-54 

 54 

Yazdanpanah, M., Hayati, D., Hochrainer-Stigler, S. and Zamani, G.H., 2014. Understanding farmers' intention and 

behavior regarding water conservation in the Middle-East and North Africa: A case study in Iran. Journal of 

environmental management, 135, 63-72. https://doi.org/10.1016/j.jenvman.2014.01.016  

Yoganandham, T., and Usha, R., 2023. Fertilizer use in agriculture: A study on common fertilizers and their impact 

on crop production. Journal of Agricultural Science and Technology, 45(3), 234-250. 

Zahoor, I. and Mushtaq, A., 2023. Water pollution from agricultural activities: A critical global review. International 
Journal of Chemical and Biochemical Sciences, 23(1), 164-176. 

Zheng, S., Yin, K. and Yu, L., 2022. Factors influencing the farmer's chemical fertilizer reduction behavior from the 

perspective of farmer differentiation. Heliyon, 8(12). https://doi.org/10.1016/j.heliyon.2022.e11918  

 

Received: 20 December 2025 

Accepted: 10 March 2026 

https://doi.org/10.1016/j.jenvman.2014.01.016
https://doi.org/10.1016/j.heliyon.2022.e11918

	Farmers’ Attitudes and Awareness Towards Fertilizer and Pesticide Use: Health and Environmental Implications
	Dipti Grover, Aman laller and Shakuntla Duman
	Institute of Environmental Studies, Kurukshetra University, Kurukshetra, Haryana, India -136119

