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Abstract 
Humic acid is widely recognized for its beneficial effects on soil fertility and plant growth. In citrus 
farming, its application enhances nutrient uptake, improves soil structure, and promotes healthy fruit 
production. Traditional methods of applying humic acid, however, often lack precision, leading to 
suboptimal resource utilization. This paper explores the potential of integrating Internet of Things (IoT) 
and Artificial Intelligence (AI) technologies to optimize humic acid application in citrus farming. By 
employing data-driven models, farmers can achieve a more efficient and targeted use of humic acid, 
minimize waste and maximize yield. The research presents an overview of the IoT sensors and AI 
algorithms used for real-time monitoring of soil conditions, plant health, and environmental factors. 
Through data analytics, these technologies offer insights into the precise timing and amount of humic 
acid required for optimal citrus growth. The research also investigates the challenges associated with 
implementing such technologies in the field, including the cost of infrastructure, data security concerns, 
and the need for skilled labor. Furthermore, the paper highlights the role of precision agriculture in 
promoting sustainable farming practices and its impact on reducing environmental footprints. 
Ultimately, this research provides a comprehensive framework for the integration of IoT and AI in 
precision agriculture, particularly in citrus farming, and suggests avenues for future research. By 
leveraging these technologies, farmers can enhance their productivity while contributing to 
environmental conservation. 
 
Keywords: Humic acid, citrus farming, IoT, AI, precision agriculture, data-driven models, nutrient 
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Introduction 
Citrus farming, a vital sector of global agriculture, is challenged by increasing demands for 
higher yields and sustainability. The use of humic acid as a soil amendment has gained 
popularity due to its ability to improve soil structure, enhance nutrient availability, and 
stimulate plant growth [1]. Humic substances, which are organic compounds formed through 
the decomposition of plant and animal materials, have been shown to improve water 
retention, support microbial activity, and increase the availability of essential nutrients in the 
soil [2]. While these benefits are well-documented, traditional methods of humic acid 
application often lack precision, leading to inefficiencies and inconsistent results [3]. 
The advent of Internet of Things (IoT) and Artificial Intelligence (AI) technologies offers an 
opportunity to optimize humic acid application in citrus farming. IoT sensors can monitor 
key parameters such as soil moisture, temperature, pH levels, and nutrient content in real 
time [4]. AI algorithms can analyze this data to predict optimal application rates and timing, 
enhancing the efficiency of humic acid use [5]. This integration of IoT and AI represents a 
shift toward precision agriculture, which relies on data-driven models to make informed 
decisions, improve yield, and reduce environmental impact [6]. 
The objective of this research is to explore the potential of IoT and AI technologies in 
optimizing humic acid application for citrus farming. Specifically, the study investigates how 
these technologies can be used to create data-driven models for efficient humic acid use, 
ensuring that farmers apply the right amount at the right time. The hypothesis underlying this 
research is that the integration of IoT and AI will lead to more precise humic acid 
applications, improving both productivity and sustainability in citrus farming [7]. 
In addition, this paper discusses the challenges and barriers to the implementation of such  
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technologies, including the financial investment required, 

data privacy issues, and the need for skilled personnel to 

manage the systems. Despite these challenges, the potential 

benefits of using IoT and AI in citrus farming are 

significant, suggesting a promising future for data-driven 

agriculture [18]. 

 

Materials and Methods 

Materials 

The materials used in this study included humic acid, IoT 

sensors, AI models, and data collection tools. The humic 

acid applied in the experiment was sourced from a certified 

organic supplier, ensuring its purity and quality for 

agricultural use. The IoT component involved the 

deployment of a range of soil sensors in the experimental 

citrus orchard to monitor parameters such as soil moisture, 

temperature, pH, and nutrient content. These sensors were 

connected to a centralized data logging system for real-time 

monitoring. Additionally, AI algorithms were developed 

and trained using historical data from local citrus farms to 

predict the optimal timing and quantity of humic acid 

application. The AI models integrated machine learning 

techniques, including regression and decision tree 

algorithms, to correlate environmental and soil data with 

citrus growth patterns. For data analysis and modeling, 

Python and MATLAB were utilized to process the data 

collected by the IoT sensors and to train the AI models. The 

experimental setup was established in a citrus farm located 

in a region with a climate conducive to citrus cultivation, 

ensuring the relevance of the results to local agricultural 

practices [7]. 

 

Methods 

The experimental design involved three primary phases: 

data collection, model training, and optimization of humic 

acid application. In the first phase, IoT sensors were 

strategically placed in the citrus orchard to measure soil 

parameters throughout the growing season. These data 

points were collected continuously and transmitted to a 

cloud-based storage system for analysis. The AI models 

were then trained using historical citrus growth data 

combined with real-time sensor data to develop predictive 

models. The models were calibrated based on observed 

citrus growth responses to various levels of humic acid 

application. In the second phase, the optimized humic acid 

application schedule was determined using the AI 

predictions, which took into account factors such as soil 

moisture, pH, and temperature. The application was 

performed according to the recommendations of the AI 

model, and the efficiency of the application was monitored 

by comparing the yield and quality of fruit from treated 

plots with control plots. In the final phase, the results were 

analyzed to assess the effectiveness of the data-driven 

approach in optimizing humic acid use for improving citrus 

yield. Statistical analysis was performed using analysis of 

variance (ANOVA) to compare the effectiveness of the 

optimized application against traditional methods [18]. The 

data collected were also used to assess the environmental 

sustainability of the optimized humic acid application, 

including its impact on soil health and the reduction in 

chemical fertilizer use [9]. 

 

Results 

The results of the experiment are presented in the form of 

graphical and tabular representations to evaluate the effect 

of humic acid application on citrus yield and soil moisture 

content. The data obtained from the field trials, including 

yield measurements and soil moisture content, were 

analyzed using statistical tools to determine the significance 

of humic acid application in optimizing citrus farming [8].

 
Table 1: Citrus Yield and Soil Moisture at Different Humic Acid Application Levels 

 

Humic Acid (kg/ha) Yield (kg) Soil Moisture (%) 

0 15 10 

5 25 15 

10 35 20 

15 42 22 

20 48 25 

 

 
 

Fig 1: Effect of Humic Acid Application on Citrus Yield 

 

https://www.computersciencejournals.com/ijecs


International Journal of Engineering in Computer Science https://www.computersciencejournals.com/ijecs 

~ 282 ~ 

 
 

Fig 2: Effect of Humic Acid Application on Soil Moisture Content 

 

Statistical Analysis 

To further assess the significance of the results, an ANOVA 

test was performed on the yield data across the different 

levels of humic acid application. The results showed a 

statistically significant difference (p < 0.05) in yield at 

varying application rates, indicating that the optimized 

humic acid application contributes meaningfully to 

improved productivity. Similarly, a regression analysis 

demonstrated a strong linear relationship between humic 

acid application and both yield and soil moisture content, 

further confirming the benefits of humic acid in citrus 

farming [18, 9]. 

 

Discussion 

The results of this research provide compelling evidence for 

the benefits of using humic acid as a soil amendment in 

citrus farming, particularly when applied using a data-driven 

approach incorporating IoT and AI technologies. As 

demonstrated in the results, humic acid application leads to 

significant improvements in both citrus yield and soil 

moisture content. These findings align with previous studies 

that have shown humic acid’s positive effects on plant 

growth, nutrient uptake, and water retention in agricultural 

soils [1, 2, 5]. 

The observed increase in citrus yield with higher humic acid 

application levels can be attributed to its ability to enhance 

soil fertility. Humic acid is known to increase the 

availability of essential nutrients, improve soil structure, and 

support beneficial microbial activity in the rhizosphere [3, 4]. 

These factors contribute to healthier plants with improved 

root systems, which are better equipped to absorb nutrients 

and water, ultimately resulting in higher fruit yields. The 

positive correlation between humic acid application and soil 

moisture retention further supports this hypothesis, as humic 

acid helps maintain soil structure, which in turn increases 

the soil’s capacity to retain moisture, especially in dry 

periods [6, 7]. These findings are consistent with those of 

other studies that have highlighted the role of humic acid in 

improving soil water-holding capacity, especially in regions 

prone to drought or irregular rainfall [18]. 

The integration of IoT sensors and AI algorithms for real-

time monitoring and decision-making provides a significant 

advantage in optimizing the application of humic acid. The 

precision of these technologies allows for tailored 

applications based on specific soil and environmental 

conditions, leading to more efficient use of humic acid and 

reduced waste. Previous research has demonstrated the 

potential of IoT and AI to enhance resource efficiency in 

agriculture by enabling real-time adjustments and 

minimizing overuse of inputs [9, 10]. This data-driven 

approach can help reduce the environmental footprint of 

farming by minimizing excess fertilizer application, which 

is a key concern in modern agricultural practices [11]. 

While the findings from this research are promising, several 

challenges remain in the widespread adoption of these 

technologies in citrus farming. The cost of implementing 

IoT and AI infrastructure may be prohibitive for small-scale 

farmers in developing regions, limiting the applicability of 

this approach. Moreover, the success of this model depends 

heavily on the availability of skilled labor to manage the 

systems and interpret the data effectively. Future research 

should explore cost-effective solutions and training 

programs to facilitate the adoption of these technologies in 

diverse agricultural settings. Additionally, further studies 

are needed to assess the long-term effects of humic acid 

application on soil health, plant resilience, and overall 

sustainability in citrus farming systems [12]. 

 

Conclusion 

This research highlights the significant potential of humic 

acid application in optimizing citrus farming when 

integrated with IoT and AI technologies. The research 

demonstrated that humic acid not only improves citrus yield 

but also enhances soil moisture retention, providing a dual 

benefit of increasing productivity and promoting sustainable 

soil management practices. By leveraging data-driven 

models, farmers can make more informed decisions on the 

precise application of humic acid, minimizing resource 

wastage while maximizing output. The use of IoT sensors 

for real-time monitoring of soil conditions, coupled with AI 

algorithms to predict the optimal timing and quantity of 

humic acid application, represents a cutting-edge approach 

to precision agriculture. This system ensures that humic acid 

is applied efficiently, supporting healthier plants, increasing 

nutrient availability, and optimizing water retention in the 

soil. 

The results suggest that humic acid can serve as an effective 

and sustainable solution for improving citrus farming 
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practices, particularly in regions facing challenges related to 

water scarcity and soil degradation. However, while the 

benefits of humic acid are clear, the widespread adoption of 

IoT and AI technologies in agriculture faces several barriers, 

including high initial costs and the need for skilled labor to 

manage and interpret the data. Therefore, it is essential for 

policy-makers, agricultural organizations, and technology 

developers to collaborate on creating affordable and 

accessible solutions for small-scale farmers. Additionally, 

training programs should be implemented to equip farmers 

with the necessary skills to operate these technologies 

effectively, ensuring they can fully capitalize on the 

advantages of precision agriculture. 

To further promote the adoption of these technologies, 

research should focus on reducing the costs associated with 

IoT and AI infrastructure and exploring more cost-effective 

ways to deploy these systems on a large scale. Governments 

and agricultural agencies could offer subsidies or financial 

support to incentivize the transition to smart farming 

practices. Moreover, the long-term impact of humic acid 

application on soil health, microbial activity, and overall 

ecosystem sustainability should be studied further to ensure 

that these practices contribute to the long-term viability of 

citrus farming. Ultimately, the integration of humic acid, 

IoT, and AI into citrus farming has the potential to 

revolutionize the industry, leading to more sustainable, 

efficient, and resilient farming systems. 
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