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Introduction 

 

Pesticides play a major role in agricultural production, they are extensively used in 

modern agriculture (Sharma et al., 2019). Farmers have continuously relied on pesticides to 

control pests and diseases and have tremendously increased the production of food (Olowoyo, 

2017; Tudi et al., 2021). The use of pesticides remains an effective and economical way to 

improve the quality and quantity of food production (Sharma et al., 2019). Globally, about 3 

million tonnes of pesticide are utilized annually, where China contributes the most, followed by 

the USA and Argentina (Pariona, 2017; Sharma et al., 2019; Statista, 2023). Despite the 

contribution of pesticides to agricultural production, indiscriminate usage poses serious 

consequences to human health and the environment (Olowoyo & Deji, 2017; Sharma et al., 

2019). Evidence in the last few decades has shown that they could also be detrimental to human 

health from food contamination due to pesticide residues, posing threats to the health of the 

farmers who apply the pesticides as well as the environment (Olowoyo & Deji 2017; Sosan & 

Akingbohungbe, 2009). In addressing the challenges associated with indiscriminate pesticide 

usage, the ICEBERG, a tool for guiding systemic thinking, becomes crucial for identifying the 

root causes of these problems. Similarly, precision farming technologies offer a solution by 

empowering farmers to make informed decisions in the judicious utilization of agricultural 

inputs. This dual approach aims to balance the need for increased agricultural productivity with 

the imperative of minimizing adverse impacts on human health and the environment. 
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Determining the Root Cause 

In addressing the challenges posed by indiscriminate pesticide usage and pesticide 

residues in food necessitates a comprehensive understanding of the underlying causes. The 

ICEBERG model of system thinking emerges as an effective tool in unraveling the root cause of 

these issues. Comprising four primary system-thinking languages- events, patterns, systemic 

structures, and mental models- the ICEBERG model provides a holistic approach to examining 

the intricate relationships within a system (Monat & Gannon, 2015).  By applying the model, we 

transcend the surface-level events and delve into the mental models that give rise to these 

patterns. This system thinking approach provides a holistic view of examining the relationship 

between the system components. The model illustrates how events, patterns, and systemic 

structures in human-designed systems stem from underlying mental models (Monat & Gannon, 

2015).  

The depicted ICEBERG model (Figure 1) shows what happens at each level, starting 

from the event level where we typically perceive the world, such as the presence of pesticide 

residues in food and the health and environmental hazards of pesticide usage. The model 

discourages the assumption that solving an issue merely requires adjustment at the event level. 

Instead, it prompts an examination of the recurring patterns and the systemic structures 

contributing to these patterns over time. By digging deep into the mental model that sustains 

these structures, we gain insights into the root causes of issues like pesticide residues in food. 

This understanding, facilitated by the ICEBERG model, becomes instrumental in formulating 

holistic solutions to address the fundamental challenges associated with pesticide usage and 

residues in agriculture.  
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Figure 1 

The ICEBERG: A Tool for Guiding Systemic Thinking 

             

 

Source: Adapted and modified from “What is systems thinking? A review of selected literature 

plus recommendations?” by J. P. Monat, & T. F. Gannon, 2015, American Journal of 

Systems Science, 4(1), 11-26 https://doi.org/10.5923/j.ajss.20150401.02 

Note. Image by MOBLAB- Iceberg- https://mobilisationlab.org/resources/iceberg/ 

 

Determining the Solutions 

Addressing the problem of pesticide residues in food and health and environmental 

hazards associated with pesticide usage hinges on devising intelligent solutions targeting the 

identified root causes. The ICEBERG model reveals that the pursuit of increased income and 

productivity among farmers, the desire for ease of use and quick action of pesticides, and 

https://doi.org/10.5923/j.ajss.20150401.02
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reduction in drudgery are the root causes of hazards of pesticide usage and pesticide residues in 

food. Precision agriculture emerges as a strategic approach to tackle these issues effectively. 

Precision farming technologies offer farmers the means to judiciously utilize crop inputs 

particularly pesticides (Zanin et al., 2022). The adept use of pesticides through precision farming 

not only enhances crop yields but also improves yields and increases farmers' income while 

minimizing health and environmental hazards (Raj et al., 2022). Precision farming technologies 

such as geographic information systems (GIS), artificial intelligence (AI), remote sensing (RS), 

and the internet of things (IoT) play key roles in pest and disease management. These tools 

facilitate monitoring, forecasting, and effective control of diseases and pests (Kanwal et al., 

2022). By promoting precise application, these technologies contribute to reducing pesticide 

residues in food and mitigating environmental impacts.  

The adoption of precision farming technologies must ensure suitability and affordability 

for farmers at all levels. The innovation characteristics depicted in the model below (Figure 2) 

should encourage widespread adoption by farmers. Furthermore, the successful implementation 

of pesticide-smart agriculture necessitates collaborative efforts from farmers, government 

agencies, researchers, extensionists, and private organizations. This collective approach is crucial 

for realizing the potential benefits of precision farming technologies and fostering sustainable 

agricultural practices.  
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Figure 2  

Conceptual model for pesticide smart agriculture using system thinking and precision farming 

 

Conclusion 

The ICEBERG model serves as a valuable tool for comprehending global issues and 

identifying causes of the world’s wicked problems. It urges us to look beyond the surface 

manifestation of problems, facilitating the development of holistic solutions targeting the root 

causes. In the context of pesticide residues in food and pesticide hazards, the adoption of 

precision agriculture technologies proves instrumental in addressing these issues. Precision 
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agriculture enables the efficient and precise application of pesticides, allowing targeted treatment 

while leaving other sections of the field untreated. Farmers adopting these technologies can 

achieve higher productivity with reduced inputs, thereby lowering production costs and 

minimizing the associated health and environmental impacts. Nevertheless, a concerted effort is 

imperative to ensure widespread accessibility of these technologies to farmers at all levels. To 

achieve this, technologies must be made affordable, gender-responsive, and culturally 

compatible with users. It demands a collaborative commitment from all stakeholders involved to 

bridge the gap and make these advancements accessible, ensuring that benefits of precision 

agriculture are realized across diverse farming communities.  
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