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Abstract 

Agrochemicals play a vital role in modern agriculture, aiding in crop protection and enhancing yields. However, their 
use can have significant environmental implications, particularly regarding soil and water quality. This review explores 
the geologic considerations in agrochemical use, focusing on impact assessment and guidelines for environmentally safe 
farming practices. The geologic factors influencing agrochemical use are multifaceted. Soil composition and structure 
affect the retention and leaching of agrochemicals, impacting their availability to crops and potential for environmental 
contamination. Geological processes, such as erosion and sedimentation, can transport agrochemicals to water bodies, 
leading to water pollution. Understanding these factors is crucial for assessing the potential impacts of agrochemical 
use on the environment. Impact assessment of agrochemical use involves evaluating its effects on soil, water, and 
ecosystems. Techniques such as soil and water sampling, geophysical surveys, and remote sensing can help assess the 
distribution and movement of agrochemicals in the environment. This information is essential for developing guidelines 
and management practices to minimize environmental impacts. Guidelines for environmentally safe farming practices 
aim to reduce the use of agrochemicals and mitigate their impacts. Practices such as integrated pest management, 
conservation tillage, and precision agriculture can help minimize the need for agrochemicals and enhance soil health. 
Additionally, proper storage, handling, and disposal of agrochemicals are essential to prevent environmental 
contamination. In conclusion, geologic considerations play a crucial role in assessing the impact of agrochemical use on 
the environment and developing guidelines for environmentally safe farming practices. By integrating geologic factors 
into agricultural management practices, farmers can reduce the environmental footprint of agrochemical use and 
ensure the long-term sustainability of agricultural systems. 
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1. Introduction

Agricultural practices have evolved significantly over the years, with modern agriculture heavily reliant on the use of 
agrochemicals to enhance crop yields and protect against pests and diseases (Gupta, et. al., 2022, Jacquet, et. al., 2022). 
While agrochemicals play a crucial role in ensuring food security, their use can have detrimental effects on the 
environment, particularly concerning soil and water quality. Understanding the geologic considerations in agrochemical 
use is essential for assessing and mitigating these environmental impacts. 
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Geology plays a significant role in determining how agrochemicals interact with the environment. Soil composition and 
structure, influenced by geological processes over time, can affect the retention and leaching of agrochemicals, 
impacting their availability to crops and potential for environmental contamination (Alengebawy, et. al., 2021, Tudi, et. 
al., 2021). Geological factors such as erosion, sedimentation, and hydrology also play a crucial role in determining the 
transport and fate of agrochemicals in the environment. 

The purpose of this study is to explore the impact assessment and guidelines for environmentally safe farming practices 
concerning geologic considerations in agrochemical use. By examining how geology influences the environmental fate 
of agrochemicals, we can develop better strategies for sustainable agriculture that minimize environmental harm 
(Abaku, & Odimarha, 2024, Banso, et. al., 2023, Igbinenikaro, Adekoya & Etukudoh, 2024). This study aims to provide 
insights into how geologic factors can be integrated into agricultural management practices to mitigate the 
environmental impact of agrochemical use. By understanding the complex interactions between geology, 
agrochemicals, and the environment, we can develop more effective guidelines and practices for environmentally safe 
farming. 

Agricultural practices have undergone significant changes in recent decades, driven by the need to meet the growing 
demand for food in a rapidly expanding global population (Adelakun, et. al., 2024, Chikwe, Eneh & Akpuokwe, 2024). 
One of the key developments in modern agriculture has been the widespread use of agrochemicals, including fertilizers, 
pesticides, and herbicides, to improve crop yields and protect against pests and diseases. While agrochemicals have 
played a critical role in increasing agricultural productivity, their use has raised concerns about their potential impact 
on the environment. Agrochemicals can leach into soils and water bodies, leading to soil degradation, water pollution, 
and harm to non-target organisms (Abaku, Edunjobi & Odimarha, 2024, Chikwe, Eneh & Akpuokwe, 2024). 
Understanding the geologic factors that influence the fate and transport of agrochemicals is crucial for assessing their 
environmental impacts and developing guidelines for safe and sustainable agricultural practices. 

Geology plays a significant role in determining how agrochemicals interact with the environment. Soil composition, 
structure, and texture, which are influenced by geological processes such as weathering and erosion, can affect the 
retention and mobility of agrochemicals in the soil (Ajayi, & Udeh, 2024, Coker, et. al., 2023, Igbinenikaro, Adekoya & 
Etukudoh, 2024). Additionally, the geology of an area can influence the movement of water and the potential for 
agrochemicals to leach into groundwater or surface water bodies. 

The purpose of this study is to explore the geologic considerations in agrochemical use and their implications for 
environmentally safe farming practices. By examining how geology influences the fate and transport of agrochemicals, 
we can develop guidelines and recommendations to minimize their environmental impact (Ajayi, & Udeh, 2024, Eneh, 
et. al., 2024). This study will also highlight the importance of integrating geologic factors into agricultural management 
practices to ensure the long-term sustainability of agriculture. 

1.1. Geologic Factors Influencing Agrochemical Use 

Soil composition and structure are critical factors that influence the behavior of agrochemicals in the environment. The 
composition of soil, including its mineral content and organic matter, can affect the sorption and desorption of 
agrochemicals (Ajayi, & Udeh, 2024, Esho, et. al., 2024, Ukato, et. al., 2024). For example, soils with high clay content 
tend to have higher sorption capacities, meaning they can retain agrochemicals more effectively, reducing their mobility 
and potential for leaching into groundwater. Soil structure, which refers to the arrangement of soil particles into 
aggregates, also plays a role in agrochemical behavior. Soil aggregates can act as physical barriers that limit the 
movement of agrochemicals through the soil profile, reducing their leaching potential. Conversely, soil compaction can 
disrupt soil structure, increasing the risk of agrochemical leaching. 

Geological processes such as erosion, sedimentation, and hydrology can significantly impact the transport of 
agrochemicals in the environment (Akagha, et. al., 2023, Eneh, et. al., 2024, Kuteesa, Akpuokwe & Udeh, 2024). Erosion, 
both water and wind-driven, can transport agrochemicals from fields to water bodies, leading to water pollution. 
Sedimentation can also play a role in agrochemical transport, as agrochemicals can adsorb to soil particles and be 
transported with sediment. Hydrology, including factors such as soil permeability and slope, can influence the 
movement of agrochemicals through the soil profile. Soils with high permeability, such as sandy soils, allow 
agrochemicals to move more freely, increasing the risk of leaching. Similarly, steep slopes can accelerate the movement 
of water and agrochemicals downslope, increasing the risk of surface water contamination. 

Geology can have a significant impact on the retention and leaching of agrochemicals in the environment. As mentioned 
earlier, soil composition and structure play a crucial role in agrochemical retention (Akintuyi, 2024, Eneh, et. al., 2024, 
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Odimarha, Ayodeji & Abaku, 2024a). Additionally, the presence of geological features such as fractures and fissures in 
the underlying rock can provide pathways for agrochemicals to move vertically through the soil profile, increasing the 
risk of groundwater contamination. 

The pH of the soil, which is influenced by the underlying geology, can also affect agrochemical behavior. Soils with low 
pH (acidic soils) tend to have higher levels of aluminum and iron oxides, which can increase the sorption of 
agrochemicals. Conversely, soils with high pH (alkaline soils) tend to have higher levels of calcium carbonate, which can 
reduce agrochemical sorption (Akintuyi, 2024, Esho, et. al., 2024, Oguejiofor, et. al., 2023). Geologic factors play a critical 
role in influencing the behavior of agrochemicals in the environment. Understanding these factors is essential for 
assessing the environmental impact of agrochemical use and developing guidelines for environmentally safe farming 
practices. By integrating geologic considerations into agricultural management practices, we can reduce the 
environmental impact of agrochemicals and ensure the long-term sustainability of agriculture. 

Geologic factors also influence soil microbial activity, which plays a crucial role in the degradation and transformation 
of agrochemicals. The composition of soil microbial communities can vary depending on geologic factors such as soil 
type and mineral content. Soils with higher microbial activity are more effective at degrading agrochemicals, reducing 
their persistence in the environment. 

Geology influences soil pH and CEC, which in turn affect the behavior of agrochemicals in the soil. Soil pH can affect the 
solubility and mobility of agrochemicals, with some agrochemicals being more mobile in acidic soils and others in 
alkaline soils (Akintuyi, 2024, Igbinenikaro & Adewusi, 2024). CEC, which is influenced by soil mineralogy, can affect 
the sorption and desorption of agrochemicals, influencing their availability to plants and potential for leaching. 

Geological features such as topography, geology, and land use can also influence the transport and fate of agrochemicals. 
For example, the presence of rivers, streams, and wetlands can act as natural buffers, reducing the risk of agrochemical 
runoff and contamination of water bodies. Similarly, the presence of geological faults or fractures can provide pathways 
for agrochemicals to move vertically through the soil profile, increasing the risk of groundwater contamination. 

Geological factors can also influence climate and weathering processes, which can in turn affect the behavior of 
agrochemicals in the environment. For example, geology can influence the rate of weathering of minerals in the soil, 
which can affect soil pH and nutrient availability (Akintuyi, 2024, Igbinenikaro, Adekoya & Etukudoh, 2024, Uzougbo, 
et. al., 2023). Climate factors such as temperature and precipitation can also affect the degradation and transport of 
agrochemicals, with higher temperatures and rainfall promoting faster degradation and leaching. Geologic factors play 
a multifaceted role in influencing the behavior of agrochemicals in the environment . Understanding these factors is 
essential for assessing the environmental impact of agrochemical use and developing strategies to minimize their 
impact (Akpuokwe, Adeniyi & Bakare, 2024, Eneh, et. al., 2024). By integrating geologic considerations into agricultural 
management practices, we can reduce the environmental impact of agrochemicals and ensure the sustainability of 
agricultural systems. 

1.2. Impact Assessment of Agrochemical Use 

Assessing the distribution and movement of agrochemicals in the environment is essential for understanding their 
potential impact (Akpuokwe, et. al., 2024, Esho, et. al., 2024, Odimarha, Ayodeji & Abaku, 2024c). Several techniques are 
commonly used for this purpose. Soil and water samples can be collected from agricultural fields and surrounding areas 
to determine the presence and concentration of agrochemicals. Sampling can be done at different depths to assess 
vertical movement in the soil profile. Analytical methods such as chromatography and spectrometry are used to quantify 
agrochemicals in samples. 

Geophysical methods, such as electrical resistivity tomography (ERT) and ground-penetrating radar (GPR), can be used 
to map soil properties related to agrochemical transport, such as soil texture and moisture content (Balwant, et. al., 
2022, Pradipta, et. al., 2022). These methods can provide valuable information on the spatial distribution of 
agrochemicals in the soil. Remote sensing techniques, including satellite and aerial imagery, can be used to assess the 
impact of agrochemical use on land cover and vegetation health. Remote sensing can also be used to monitor changes 
in water quality in agricultural areas, providing valuable information on the extent of agrochemical contamination. 

The use of agrochemicals can have a range of effects on the environment, including. Agrochemicals can alter soil 
structure and reduce soil fertility, leading to soil degradation and nutrient depletion (Akpuokwe, et. al., 2024, 
Igbinenikaro & Adewusi, 2024). Prolonged use of agrochemicals can result in the accumulation of salts and toxic 
elements in the soil, further exacerbating soil degradation. Agrochemicals can leach into groundwater and surface water 
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bodies, leading to water pollution. High levels of agrochemicals in water bodies can have detrimental effects on aquatic 
ecosystems, including fish kills and loss of biodiversity. 

Agrochemicals can have unintended effects on non-target organisms, including beneficial insects, birds, and mammals. 
Pesticides, in particular, can harm pollinators such as bees and butterflies, leading to negative impacts on crop 
production and ecosystem health (Baghel, 2022, Khan, et. al., 2023). In conclusion, assessing the impact of agrochemical 
use on the environment is crucial for developing sustainable agricultural practices. By using a combination of techniques 
such as soil and water sampling, geophysical surveys, and remote sensing, researchers and policymakers can gain 
valuable insights into the distribution and effects of agrochemicals in the environment. This information can then be 
used to develop strategies to minimize the environmental impact of agrochemical use and ensure the long-term 
sustainability of agricultural systems. 

In addition to direct assessment techniques, long-term monitoring and modeling approaches are valuable tools for 
understanding the impact of agrochemical use on the environment. Long-term monitoring involves continuous 
monitoring of soil and water quality parameters in agricultural areas to track changes over time (Akpuokwe, et. al., 
2024, Jambol, et. al., 2024, Ukato, et. al., 2024). This data can provide valuable insights into the long-term effects of 
agrochemical use on soil health, water quality, and ecosystem dynamics. 

Modeling techniques, such as computer simulations and predictive models, can be used to simulate the transport and 
fate of agrochemicals in the environment. These models incorporate factors such as soil properties, weather patterns, 
and agricultural practices to predict the movement of agrochemicals and their potential impact on the environment 
(Dogan & Karpuzcu, 2023, Villaverde, et. al., 2020). By simulating different scenarios, researchers can assess the 
effectiveness of different management strategies in mitigating the environmental impact of agrochemical use. 

Ecological risk assessment is another important component of impact assessment for agrochemical use. This involves 
evaluating the potential risks posed by agrochemicals to different components of the ecosystem, including individual 
species, populations, and communities. Ecological risk assessments consider factors such as toxicity, exposure 
pathways, and ecological sensitivity to determine the likelihood and magnitude of adverse effects on the environment. 

In addition to environmental considerations, it is also important to assess the socioeconomic impacts of agrochemical 
use (Akpuokwe, et. al., 2024, Igbinenikaro, Adekoya & Etukudoh, 2024). This includes evaluating the economic costs 
and benefits of agrochemical use, as well as the social and cultural implications for local communities. Socioeconomic 
impact assessments can help identify trade-offs and synergies between agricultural productivity, environmental 
sustainability, and social well-being, informing decision-making and policy development. 

Finally, stakeholder engagement and participation are essential aspects of impact assessment for agrochemical use. 
Engaging with farmers, agricultural industry representatives, environmental organizations, and other stakeholders can 
provide valuable insights into the local context, priorities, and concerns related to agrochemical use. By involving 
stakeholders in the assessment process, researchers and policymakers can ensure that management strategies are 
practical, effective, and socially acceptable. 

In conclusion, impact assessment of agrochemical use involves a comprehensive and multidisciplinary approach that 
integrates direct assessment techniques, long-term monitoring, modeling, ecological risk assessment, socioeconomic 
analysis, and stakeholder engagement. By using a combination of these approaches, researchers and policymakers can 
gain a holistic understanding of the environmental, economic, and social implications of agrochemical use and develop 
strategies to minimize its impact while supporting sustainable agriculture. 

1.3. Guidelines for Environmentally Safe Farming Practices 

Integrated Pest Management (IPM) is a holistic approach to pest management that aims to minimize the use of chemical 
pesticides while maximizing the effectiveness of other control methods (Akpuokwe, et. al., 2024, Kuteesa, Akpuokwe & 
Udeh, 2024). IPM strategies include crop rotation, use of pest-resistant crop varieties, biological control methods (such 
as introducing natural predators), and monitoring and early detection of pest outbreaks. By integrating these strategies, 
farmers can reduce their reliance on chemical pesticides, thereby minimizing environmental impact. 

Conservation tillage refers to farming practices that reduce soil disturbance and erosion, such as no-till or reduced 
tillage systems. By leaving crop residues on the soil surface, conservation tillage helps to protect the soil from erosion, 
improve water retention, and enhance soil health. Conservation tillage also reduces the need for plowing, which can 
release carbon stored in the soil and contribute to greenhouse gas emissions. 
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Precision agriculture involves the use of technology, such as GPS, sensors, and data analytics, to optimize crop 
management practices. By precisely targeting inputs such as water, fertilizer, and pesticides, farmers can reduce waste 
and minimize environmental impact. Precision agriculture also enables farmers to monitor crop health and growth 
more effectively, allowing for more timely and targeted interventions. Proper storage, handling, and disposal of 
agrochemicals are essential for minimizing environmental contamination. Farmers should store agrochemicals in 
secure facilities to prevent spills and leaks, and follow all safety precautions when handling these substances 
(Akpuokwe, et. al., 2024, Ochulor, et. al., 2024, Odimarha, Ayodeji & Abaku, 2024b). Unused or expired agrochemicals 
should be disposed of properly, following local regulations and guidelines to prevent environmental contamination. 

Maintaining soil health is crucial for sustainable farming practices. Farmers can improve soil health by using cover 
crops, practicing crop rotation, and applying organic matter such as compost or manure. Healthy soils are more resilient 
to pests and diseases, reducing the need for chemical inputs and promoting long-term sustainability. 

Water conservation is essential for sustainable agriculture, especially in regions prone to water scarcity. Farmers can 
reduce water use by adopting practices such as drip irrigation, mulching, and rainwater harvesting. By conserving 
water, farmers can minimize their environmental impact and ensure the long-term viability of their operations 
(Akpuokwe, Chikwe & Eneh, 2024, Igbinenikaro & Adewusi, 2024). In conclusion, adopting environmentally safe 
farming practices is essential for ensuring the long-term sustainability of agriculture. By implementing guidelines such 
as integrated pest management, conservation tillage, precision agriculture, and proper agrochemical management, 
farmers can reduce their environmental impact and promote a more sustainable future for agriculture. 

Maintaining biodiversity on farms is crucial for promoting ecosystem resilience and reducing the risk of pest outbreaks 
and crop failures (Adedibu, 2023, Ali, Abdellah & Eletmany, 2023). Farmers can enhance biodiversity by planting 
hedgerows, creating wildlife habitats, and preserving natural areas on their farms. Biodiversity conservation helps to 
support natural predators of pests and reduce the need for chemical pesticides. Agroforestry involves integrating trees 
and shrubs into agricultural landscapes to provide multiple benefits, including improved soil health, water retention, 
and biodiversity. Agroforestry systems can help to reduce erosion, enhance nutrient cycling, and provide habitat for 
beneficial insects and wildlife (Fahad, et. al., 2022, Udawatta, Rankoth & Jose, 2021). By incorporating trees into their 
farming practices, farmers can enhance the sustainability of their operations. 

Proper nutrient management is essential for maintaining soil fertility and preventing nutrient runoff into water bodies 
(Akpuokwe, Chikwe & Eneh, 2024, Kuteesa, Akpuokwe & Udeh, 2024). Farmers can use soil testing to determine 
nutrient levels in their soil and apply fertilizers in a targeted and efficient manner. Practices such as composting, cover 
cropping, and crop rotation can also help to improve soil fertility and reduce the need for chemical fertilizers. 

Reducing energy use on farms can help to minimize greenhouse gas emissions and reduce the environmental impact of 
agriculture. Farmers can improve energy efficiency by using energy-efficient equipment, optimizing irrigation systems, 
and implementing renewable energy technologies such as solar panels or wind turbines. Energy-efficient practices not 
only reduce environmental impact but also lower operating costs for farmers. 

Farming practices should be continually evaluated and adapted based on new research and local conditions. Farmers 
should stay informed about the latest developments in sustainable agriculture and be willing to experiment with new 
practices. By adopting a mindset of continuous learning and adaptation, farmers can improve the sustainability of their 
operations over time (Aturamu, Thompson & Akintuyi, 2021, Ochulor, et. al., 2024). Adopting environmentally safe 
farming practices is essential for promoting sustainable agriculture and protecting the environment. By following 
guidelines such as integrated pest management, conservation tillage, and nutrient management, farmers can reduce 
their environmental impact and contribute to a more sustainable food system. 

1.4. Case Studies and Best Practices 

In California's Central Valley, farmers have successfully implemented IPM strategies to reduce pesticide use and 
promote natural pest control. By using techniques such as crop rotation, habitat restoration, and biological control, 
farmers have reduced their reliance on chemical pesticides while maintaining crop yields and reducing environmental 
impact (Bakare, et. al., 2024, Igbinenikaro & Adewusi, 2024, Thompson, et. al., 2022). In the Midwest region of the United 
States, farmers have adopted conservation tillage practices to reduce soil erosion and improve soil health. By leaving 
crop residues on the soil surface and minimizing soil disturbance, farmers have improved water infiltration, reduced 
nutrient runoff, and enhanced soil structure. These practices have led to more sustainable farming systems and 
improved environmental outcomes. 
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The case studies highlight the importance of adopting integrated approaches to farming that consider the interactions 
between soil, water, plants, and pests (Eyo-Udo, Odimarha & Ejairu, 2024, Igbinenikaro, Adekoya & Etukudoh, 2024). 
By integrating geologic considerations into agrochemical use, farmers can develop more sustainable farming practices 
that minimize environmental impact. Monitoring and evaluation are essential components of successful 
environmentally safe farming practices. By regularly monitoring soil and water quality, farmers can assess the 
effectiveness of their practices and make adjustments as needed. This adaptive management approach is critical for 
long-term sustainability. 

The case studies demonstrate the importance of knowledge sharing and collaboration among farmers, researchers, and 
policymakers. By sharing best practices and lessons learned, farmers can benefit from each other's experiences and 
accelerate the adoption of environmentally safe farming practices. (Ragasa, et. al., 2022, Rust, et. al., 2022) Collaborative 
efforts can also help to identify research needs and policy recommendations for promoting sustainable agriculture. The 
case studies and best practices highlight the importance of considering geologic factors in agrochemical use to promote 
environmentally safe farming practices. By adopting integrated approaches, monitoring and evaluation, and knowledge 
sharing, farmers can improve the sustainability of their operations and protect the environment for future generations. 

In Brazil, farmers are using precision agriculture techniques to optimize agrochemical use and reduce environmental 
impact. By using GPS-guided machinery and sensors to monitor soil and crop conditions, farmers can apply 
agrochemicals more efficiently, reducing waste and minimizing runoff into water bodies (Carrer, et. al., 2022, Cherubin, 
et. al., 2022). This approach has led to higher yields, reduced input costs, and improved environmental outcomes. In 
Africa, agroforestry systems are being used to promote sustainable farming practices and reduce the need for chemical 
inputs. By integrating trees into agricultural landscapes, farmers can improve soil fertility, enhance water retention, and 
provide habitat for beneficial insects and wildlife. Agroforestry systems have been shown to increase crop yields, 
improve food security, and promote biodiversity conservation. 

In the Netherlands, farmers are using advanced nutrient management techniques to minimize nutrient runoff and 
reduce water pollution. By using precision application technologies and soil testing, farmers can apply fertilizers more 
efficiently, reducing the risk of nutrient leaching into groundwater or runoff into surface water (Kros, et. al., 2024, 
Nsenga Kumwimba, et. al., 2023). These practices have helped to improve water quality and reduce environmental 
impacts from agriculture. In India, organic farming practices are being promoted as a sustainable alternative to 
conventional agriculture. By avoiding the use of synthetic pesticides and fertilizers, organic farmers can protect soil 
health, promote biodiversity, and reduce environmental pollution. Organic farming has been shown to improve soil 
fertility, increase crop resilience to pests and diseases, and enhance the nutritional quality of food. 

The case studies highlight the importance of integrating geologic considerations into agrochemical use to promote 
environmentally safe farming practices. By considering soil composition, structure, and hydrology, farmers can develop 
more sustainable farming systems that minimize environmental impact (Eyo-Udo, Odimarha & Ejairu, 2024, Kuteesa, 
Akpuokwe & Udeh, 2024). The case studies also emphasize the importance of adopting best management practices for 
agrochemical use, such as IPM, conservation tillage, and precision agriculture. These practices can help farmers reduce 
their reliance on chemical inputs, improve soil health, and protect water quality. 

Capacity building and education are critical for promoting environmentally safe farming practices. Farmers need access 
to information, training, and resources to adopt sustainable farming practices effectively. Governments, NGOs, and 
agricultural extension services play a crucial role in providing support and guidance to farmers (Familoni, Abaku & 
Odimarha, 2024, Igbinenikaro & Adewusi, 2024, Oyewole, et. al., 2024). In conclusion, the case studies and best practices 
demonstrate the importance of geologic considerations in agrochemical use for promoting environmentally safe 
farming practices. By adopting integrated approaches, best management practices, and capacity building efforts, 
farmers can improve the sustainability of their operations and protect the environment for future generations. 

2. Conclusion 

In conclusion, the integration of geologic considerations into agrochemical use is crucial for promoting environmentally 
safe farming practices. The case studies and best practices highlighted the importance of considering soil composition, 
structure, and hydrology in agricultural management to minimize environmental impact and promote sustainability. 

Key findings from the studies include the effectiveness of integrated pest management, conservation tillage, and 
precision agriculture in reducing agrochemical use and improving environmental outcomes. These practices not only 
enhance soil health and water quality but also contribute to biodiversity conservation and climate change mitigation. 
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It is imperative to integrate geologic considerations into agricultural management to ensure the long-term sustainability 
of farming practices. By adopting best management practices and promoting education and capacity building, farmers 
can reduce their environmental footprint and protect natural resources for future generations. 

Therefore, there is a need for a concerted effort from farmers, policymakers, researchers, and agricultural extension 
services to promote sustainable agrochemical use and environmental stewardship. By working together, we can ensure 
that agriculture remains productive, profitable, and environmentally sustainable for years to come. 
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