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Abstract 
The research investigates the transformative effects of drone technology on agricultural methodologies, with a focus on 

its application in Thai durian orchards, which play a pivotal role in Thailand’s agriculture. It examines the efficacy of 

four distinct drone spraying methods in enhancing water distribution and minimizing chemical exposure. A significant 

discovery of the study is the effectiveness of using a reduced chemical volume of 125 liters per hectare, compared to 250 

liters per hectare. This finding challenges traditional agricultural practices and underscores the benefits of precision 

technology in the application of treatments. By decreasing the volume of chemicals used, the study anticipates 

improvements in durian cultivation and significantly reduces farmers’ exposure to harmful chemicals. This advancement 

represents a major leap towards safer, more sustainable, and efficient farming practices, positioning drone technology as 

a key player in the future of agriculture in durian farming. 
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1 Introduction 

The rapid advancements in smart farming 

technologies have significantly transformed agricultural 

practices, enabling more efficient, sustainable and 

precise farming methods (Thongnim, Yuvanatemiya & 

Srinil (2023)). In recent years, the application of drones 

or unmanned aerial vehicles (UAVs) has emerged as a 

key innovation in precision agriculture offering 

unprecedented capabilities in crop monitoring, spraying 

and environmental management (Srinil & Thongnim 

(2024)). Drones equipped with advanced sensors and 

GPS technology have revolutionized the way farmers 

monitor crop health, apply fertilizers and pesticides and 

manage irrigation. One of the primary uses of drones in 

agriculture is for aerial imaging and mapping. Drones 

can capture high resolution images of fields, providing 

farmers with real time data on crop health, soil 

conditions and water distribution. Using multispectral 

and thermal sensors, drones can detect stress factors in 

crops, such as disease, pest infestations, nutrient 

deficiencies, long before they become visible to the 

naked eye. This data enables farmers to make timely 

decisions such as adjusting fertilizer application or 

initiating targeted pest control, thereby improving crop 

yields and reducing resource waste.  

The method of precision farming has changed the way 

agriculture is practiced, with highly accurate and 

effective methods for managing crops. Drones have 

become a key player in this progress, offering a new way 

to apply important treatments such as pesticides, 

fertilizers, and water needed areas (Iost Filho et al. 

(2020), Velusamy et al. (2021)). The role of drone 

technology in agriculture, especially in spraying 

techniques, has attracted attention because of its 

potential to enhance the health of crops, increase amount 

of yields, and improve the efficiency of farms (Ah- mad 

et al. (2021), Hafeez et al. (2022)). However, the 

effectiveness of drone spraying is vary depending on 

several factors such as the type of spraying techniques 
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and the environmental conditions. Therefore, it is 

important to carry out detailed research on different 

drone spraying techniques to find the best solution and 

make the most of these benefit.  

Moreover, the use of drones for spraying treatments in 

agriculture offers good benefits to crops and to health 

and the environment. The spraying process, drones 

lessen the necessity for farmers to handle chemicals 

directly, thus reducing their exposure to harmful 

substances (Carvalho et al. (2020), Mahajan et al. 

(2023), Mandal et al. (2021)). This method also 

enhances precision in spraying, which helps to decrease 

chemical runoff, reducing the amount of pesticides and 

fertilizers that can affect nearby ecosystems. As a result, 

this protects local wildlife and water sources. Therefore, 

the adoption of drone technology in farming practices 

safeguards the health and safety of crops and farmers 

and greatly diminishes the environmental footprint of 

agricultural activities. This development represents a 

significant leap forward in promoting health in the 

agricultural sector and highlights the importance of 

innovative technologies in achieving sustainable 

environmental practices. 

In Thailand, durian farming plays a vital role in the 

agricultural industry, greatly supporting the economy 

and reflecting Thai culture and culinary heritage. Known 

as the King of Fruits, durians require careful handling 

and specific farming techniques to satisfy the high-

quality standards demanded by both local and 

international markets (Ketsa et al. (2020), Thongkaew et 

al. (2021)). The use of drone technology in durian 

farming is set to transform traditional agricultural 

methods by providing more accurate and efficient ways 

to apply treatments, thus improving the fruit’s quality, 

increasing production, and making farming safer 

(Thongnim, Yuvanatemiya, Charoenwanit & Srinil 

(2023)). 

This research focuses on the impact of drone spraying 

treatments in durian orchards, exploring how this 

technology could reduce the risks from chemicals, 

lessen the physical strain on farmers, and create safer 

work conditions. Moreover, this study aims to fill the 

existing knowledge gap by examining the effects of four 

distinct drone spraying treatments on durian crops and 

comparing them with those of an Air blast sprayer. A 

comprehensive experimental design assesses the impact 

of each treatment on key indicators, aiming to identify 

the most efficacious drone spraying strategies for 

adoption by farmers. These strategies are intended to 

enhance the quality and sustainability of durian 

cultivation and also to safe guard health simultaneously. 

Therefore, this study will add valuable information to 

the growing field of precision farming technologies and 

their real world uses. By shedding light on the details of 

how effective drone spraying is and what it means for 

the health and safety of farmers, the results of this 

research will offer useful knowledge to both experts in 

agricultural technology and those who farm durians. 

This contribution will help guide more knowledgeable 

and precise farming practices in the area of precision 

agriculture. 

2 Methodology 

This study uses the DJI T40 drone to carry out tests 

with four different treatments to see how effective it is 

at applying pesticides and fertilizers compared to the 

usual method of using a 600-liter air blast sprayer on a 

durian farm. The purpose of these treatments is to look 

at factors like how well the drones cover the crops, if 

they can reduce the amount of chemicals used, the 

impact on the health of the farmers, and whether this 

method is cost-effective. By making this comparison, 

the re- search aims to find out the possible advantages of 

adding modern drone technology into traditional 

farming methods, especially focusing on health and 

environmental benefits. It seeks to uncover both the 

challenges and opportunities that come with using this 

advanced technology. 

2.1 Site Selection and Data Collection 

This study focuses on durian trees aged 9 years and 5 

metres tall, located at a precise location denoted by the 

Plus Code P4G9+P2 in Salaeng, in the Mueang 

Chanthaburi District of Chanthaburi, Thailand. The 

chosen location for this drone spraying research 

initiative is within a durian orchard spanning 
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approximately 1.92 hectares, which is part of the Fruit 

Development Center following the Royal Initiative in 

Chanthaburi Province, Thailand. 

 

Figure 1: Drone sprayer at Work in a Durian Farm. 

Figure 2: Air blast sprayer at Work in a Durian Farm. 

2.2 Technology in Agriculture 

This study uses the DJI T40 for testing in four 

treatments and compares it with a 600-liter air blast 

sprayer on a durian farm. 

Fig 1 shows drone sprayers, unmanned aerial vehicles 

equipped with spray mechanisms, offer a highly flexible 

solution for distributing pesticides, herbicides, or 

fertilizers over crops from the air, allowing for precise 

application over specific areas. In addition, air blast 

sprayer (Fig 2), which are attached to air blast sprayer 

and include a tank, pump, and nozzles on a boom, 

operate on the ground, applying chemicals directly to 

crops as the air blast sprayer moves through the fields. 

This distinction highlights the aerial versus ground-

based approaches to crop treatment, with drones 

providing precision and flexibility, particularly in 

difficult to reach areas, while air blast sprayer systems 

excel in their capacity to cover large, accessible fields 

efficiently. 

In this research, by incorporating detailed planning for 

the drone spray route and setting the treatment 

parameters before applying water sensitive papers 

(WSP) (Fig 3 and 4). This involves conducting a 

comprehensive survey of the durian orchard to ascertain 

the layout, tree density, and canopy size, which informs 

the optimal flight paths for the drones. In this farm, the 

distance between lines is about five meters. Considering 

the leaf thickness is not substantial, the drone should fly 

at a height two meters to ensure effective coverage. 

Additionally, the optimal speed for the drone during the 

spraying process is 1.3 m/s to balance between coverage 

accuracy and operational efficiency (Kotarski et al. 

(2023)). WSP is employed to meticulously test the 

distribution patterns of water on durian trees, capturing 

how effectively these substances are ap- plied both on 

and under the leaves. Following the application, the 

study utilizes SnapCard, a sophisticated data analysis 

tool, to accurately assess and interpret the results 

(Nansen et al. (2015)). SnapCard’s advanced algorithms 

analyze the color changes and coverage patterns on the 

WSP, enabling the quantification of the efficiency and 

uniformity of the spraying process (Ferguson et al. 

(2016)). This approach allows for a comprehensive 

evaluation of the spray techniques, contributing valuable 

insights into optimizing agricultural practices for durian 

farm. 

2.3 Test Spray Solution Preparation 

Water sensitive papers (WSPs) are strategically 

placed on, beneath, inside, and outside the leaves of 

durian trees, distributed across four treatment groups 

involving three distinct samples of trees. Consequently, 

each tree will have two WSPs attached: one on the upper 

surface of a leaf and the other on the underside, in 
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addition to placements inside and outside the tree 

canopy. This comprehensive setup is designed to 

accurately capture and assess the coverage efficiency of 

drone- sprayed treatments (T). 

Table 1: Details of drone spray treatments. 

T Speed Nozzle Size Volume 

T 1 1.3 220 250 

T 2 1.3 140 250 

T 3 1.3 50 125 

T 4 1.3 140 125 

Table 1 presents four different drone spraying 

treatments, all test use the DJI T40 drone at a speed of 

1.3 m/s, and different nozzle size and the volume of 

solution applied per hectare. Treatment 1 employs a 220-

micron nozzle, with 250 liters per hectare, while 

Treatment 2 uses a 140-micron nozzle with the same 

volume. Treatment 3 decreases the nozzle size further to 

50 microns and the volume to 125 liters per hectare, and 

Treatment 4 returns to the 140-micron nozzle and uses a 

reduced volume of 125 liters per hectare. This setup 

aims to explore the effects of nozzle size and solution 

volume on spray coverage and effectiveness. 

Figure 3: Planning the route and setting the treatment of 

drone spray. 

 

Figure 4: Using SnapCard to analyze water distribution. 

2.4    Climate Conditions 

Table 2 shows the environmental conditions recorded 

at the start times for four different treatments on a durian 

orchard. For Treatment 1, started at 10.26 am, the 

temperature was recorded at 35 Celsius with a wind 

speed of 17 km/hr. For Treatment 2, started at 11.16 am, 

experienced a small increase in temperature to 36 

Celsius and wind speed to 19 km/hr, showing similar 

conditions with a big rise in wind activity that influence 

spray distribution. For Treatment 3, starting at 11.55 am, 

the temperature rose to 37 Celsius and wind speed to 21 

km/hr, presenting challenges in maintaining spray 

precision due to increased thermal activity and wind 

movement. Finally, Treatment 4, started at 13.20 pm, 

recorded the same temperature of 37 Celsius but with the 

highest wind speed of 22 km/hr, marking the most 

challenging conditions for precise application, 

considering the daytime temperature and wind 

conditions that could lead to higher evaporation rates 

and drift. This data is crucial for evaluating the 

effectiveness and efficiency of drone spraying under 

varying climatic conditions, impacting the outcome of 

the agricultural practices. 

Table 2: Environmental data for drone spraying treatments. 

T Start Temp Wind 

T 1 10.26 am 35 17 

T 2 11.16 am 36 19 

T 3 11.55 am 37 21 

T 4 13.20 pm 37 22 

2.5 Exploratory Data Analysis (EDA) 

A box plot (Majaw & Ahmed (2023)), enriched with 

the concept of percentage of max effective- ness, 

transforms into an instrument for visualizing and 

comparing the relative performance of various 

treatments and conditions. The effectiveness of each 

treatment as a percentage of its maximum observed 

effectiveness, it is possible to normalize the data across 

different scales. This normalization allows for direct 

comparisons even when the absolute measures of 

effectiveness significantly vary, streamlining the 

interpretation of complex datasets. 
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The formula to calculate the percentage of maximum 

effectiveness for each treatment is given by 

% �� ��� ���	
��	�	�� = � �
�� × 100,  

where effectiveness value (E) is the observed 

effectiveness value of the treatment for a specific 

sample. Max effectiveness value for the treatment (M) 

is the highest observed effectiveness value for that 

treatment across all samples. In addition, the percentage 

of max effectiveness is the calculated value showing the 

effectiveness of a treatment for a specific sample as a 

percentage of the maximum observed effectiveness for 

that treatment. 

This method simplifies the interpretation of complex 

datasets, offering a clear visual framework for 

analyzing treatment efficacy, variability, and the 

influence of varying conditions on treatment results. 

2.6 Comparative Analysis 

After exploratory data analysis (EDA), a comparative 

analysis, potentially employing Randomized Complete 

Block Design (RCBD) (Shieh & Jan (2004)) will be 

performed to statistically evaluate the differences in 

treatment effectiveness across conditions. This approach 

aids in pinpointing treatments that are significantly more 

or less effective under various conditions. Although this 

analysis is based on hypothetical values, the re- sults 

serve as an illustrative guide on proceeding with real 

datasets once missing values are ad- dressed. The 

general formula for RCBD can be expressed as 

Yij = µ + τi + βj + ϵij 

where Yij is the observed response for treatment i in 

block j, µ is the overall mean effect, τi is the effect of the 

i-th treatment, βj is the effect of the j-th block, ϵij is the 

random error term associated with the observation ij. 

2.7 Data Analysis 

The data analysis in this study is conducted using R to 

manage and process the data collected from the drone 

spraying experiments in durian orchards. The process 

begin by importing the data and checking for data 

completeness using the dplyr and tidyr packages which 

enabled efficient data manipulation. Moreover, the 

ggplot2 package is then employed to create graphs and 

conduct exploratory data analysis (EDA). The data 

analysis in this study is conducted using R to process the 

data from the chemical spraying experiments in durian 

orchards specifically employing the Randomized 

Complete Block Design (RCBD). Therefore, the 

agricolae package is utilized to perform the RCBD 

analysis, facilitating the evaluation and comparison of 

the spraying efficiency across different experimental 

groups.  

3 Results 

3.1 Insights on air blast sprayer 

The air blast sprayer, tested under the same conditions 

as drone spray treatments, showed comprehensive 

coverage on WSP, indicated by a blue color spanning the 

entire area on a Durian leaf (Fig 5) and the ground (Fig 

6). This suggests that air blast sprayer methods are 

highly effective in distributing water across durian 

farms. However, the results also highlight a significant 

drawback, the excessive use of chemicals and fertilizers. 

This leads to unnecessary financial expenditure on 

agricultural inputs and also poses a risk to the 

environment. Therefore, managing the quantity of 

chemicals and fertilizers to ensure they are used 

efficiently is crucial for durian farming. 

Table 3 offers a comparative analysis of the efficiency 

between drone treatments and air blast application, 

focusing on two key parameters: time taken (minutes per 

hectare) and volume of spray used (liters per hectare). 

The air blast application requires 32 minutes per hectare, 

which is slightly higher than all drone treatments. In 

terms of volume usage, it was observed that the air blast 

sprayer required about 730 liters of water per hectare, 

whereas drone-based spraying, as demonstrated in this 

study, needed about 250-125 liters per hectare. This 

indicates that air blast sprayers consume approximately 

3-5 times more water than drone sprayers. 

Moreover, the adoption of new technology in durian 

farms must also consider the health and safety of 

farmers. When using air blast sprayers, operators are 
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directly exposed to chemicals, posing potential health 

risks due to aerosolized sub- stances. In contrast, drone 

sprayers allow farmers to maintain a safe distance from 

the spray area, significantly reducing exposure risks. 

This distinction underscores the importance of 

integrating advanced technologies that prioritize both 

agricultural efficiency and farmer wellbeing in the 

modern era. 

 

Figure 6: Water-sensitive paper was placed on the ground to 

assess the coverage by an air blast sprayer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Water-sensitive paper was placed on a durian leaf to 

assess the coverage by an air blast sprayer. 

 

 

 

Table 3: Comparative Analysis of the Efficiency of Drone 

Treatments and Air Blast Application. 

T Time Volumn 

T1(Drone) 30 250 

T2 (Drone) 31 250 

T3 (Drone) 28 125 

T4 (Drone) 27 125 

Air blast 32 730 

 

3.2 Insights on Drone Sprayers from EDA 

When considering effectiveness underneath leaves 

(Fig 7), Treatment 1 under out conditions shows the 

highest median effectiveness, which might suggest it is 

the best performer in terms of maximum potential effect. 

Treatment 2 shows better performance under in 

conditions with a higher median, but there is more 

variability. 

Fig 8 offers a comparative view of the effectiveness 

of four treatments applied on leaves, expressed as a 

percentage of the maximum effectiveness for each 

treatment, with separate comparisons for the in and out 

conditions. Treatment 1 Exhibits the highest median 

effectiveness under in and out conditions among all 

treatments. 

In all cases, the p-values are above the common alpha 

level of 0.05, indicating that the null hypothesis of 

normality cannot be rejected. This suggests that the data 

for both in and out conditions across all treatments do 

not significantly deviate from a normal distribution, 

based on the Shapiro-Wilk test. For RCBD, these results 

suggest that the assumption of normality is met. 

However, it is also important to note that RCBD is quite 

robust to violations of normality. However, the result 

indicates that there is no statistically significant 

difference in the means between different treatments and 

between the conditions (in and out), according to this 

block design analysis. 
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Figure 7: Box plot of treatment effectiveness under leaves: 

comparative effectiveness of four treatments applied 

underneath leaves, demonstrating ’In’ and ’Out’ conditions as 

a percentage of maximum effectiveness. 

 

Figure 8: Box plot of treatment effectiveness on leaves: 

comparative effectiveness of four treatments applied on 

leaves, demonstrating ’In’ and ’Out’ con- ditions as a 

percentage of maximum effectiveness. 

Table 4 indicates the differences among treatment 

levels are not statistically significant, as the p-value for 

the Treatment is 0.121, which is greater than the typical 

alpha level of 0.05. Moreover, the differences between 

the conditions (in and out used as blocks) show a p-value 

of 0.068. This is close to the significance level but still 

not below 0.05, indicating that the difference in 

conditions is not statistically significant at the 0.05 level, 

although it is marginally close. 

Table 5 indicates for Treatment2, there is a 

statistically significant difference between in and out 

conditions, with a P-Value of 0.014. This suggests that 

the condition (in vs. out) has a significant impact on the 

response for Treatment2. For Treatment1, Treatment3, 

and Treatment4, the differences between in and out 

conditions are not statistically significant, as their P-

Values are well above the 0.05 threshold. This focused 

analysis on the condition effect reveals that the impact 

of the condition is specific to the type of treatment, with 

a notable difference observed for Treatment 2. 

Therefore, RCBD analysis revealed no significant 

overall difference between treatment effects at the 

conventional level of significance. This suggests that, on 

a broad level, the treatments might have similar impacts. 

The marginal p-value for the condition effect (in vs. out) 

suggested a potential difference that warranted further 

investigation. The subsequent t-test analysis for 

individual treatments showed a significant difference 

between in and out conditions for Treatment2, indicating 

that the effectiveness of this treatment could be 

influenced by the specific conditions un- der which it is 

applied. The significant result for Treatment2 in the 

condition-specific analysis (in vs. out) implies that this 

treatment’s effectiveness is sensitive to environmental 

or application conditions. Such a finding is crucial for 

operational considerations where conditions can be 

controlled or predicted. 

Table 4: ANOVA table for RCBD 

SOV SS df F P-value 

Treatment 9.212 3 2.419 0.121 

Condition 5.176 1 4.078    0.068 

Residual 13.962  11   

Table 5: Pairwise t-test results for In vs. Out conditions 

T T-Statistics P-Value 

T 1 -0.632 0.625 

T 2 -8.485 0.014 

T 3 -2.429 0.244 

T 4 -0.970 0.509 

The experiment revealed that drone spraying uses 

more than 50% less chemical compared to traditional 

sprayers with drones requiring only 125-250 liters per 

hectare whereas air blast sprayers use up to 730 liters per 

hectare. Additionally, drone spraying can reduce the 

spraying time by 10% when compared to traditional 

methods. This reduction in chemical usage helps lower 

production costs and minimizes environmental impact 

and reduces health risks for farmers by limiting their 

direct exposure to harmful chemicals. 
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In addition, the effectiveness of treatments can vary 

based on these factors and insights from the study on 

condition effects can guide in aligning the choice of 

treatment with the farm’s context. Consider the specific 

aspects of Durian farming such as the prevalent 

environmental conditions, the scale of operation and the 

specific challenges faced such as pests or diseases 

common to Durian trees. Therefore, emphasize the 

direct health benefits such as reduced exposure to 

harmful chemicals and practical gains like time savings, 

reduced labor costs, and increased crop yield and 

quality. Real life examples or case studies where drone 

technology led to tangible improvements can be 

particularly persuasive. Highlight the reduced 

environmental footprint of drone spraying, including 

less chemical runoff and better protection of 

biodiversity. This study discusses how precise 

application helps maintain ecological balance and 

supports sustainable farming initiatives.  

4 Discussion 

The detailed study on the application of drone 

spraying treatments in durian orchards, particularly in 

the context of chemical use optimization, underscores 

this shift vividly. It reveals that employing drones for 

chemical application not only enhances the precision 

and efficiency of treatments but also significantly 

reduces the necessity for larger volumes of chemicals 

traditionally used. Specifically, the findings suggest that 

a reduced volume of 125 liters per hectare is sufficiently 

effective, challenging the application rate of 250 liters 

per hectare.   This efficiency is attributed to the drones’ 

ability to target treatments more accurately, thus 

minimizing waste and ensuring that the chemicals are 

utilized where they are most needed. 

Moreover, the research highlights the crucial role of 

environmental conditions in the effective- ness of drone 

applied treatments and advocates for the strategic 

adjustment of drone operation parameters to maximize 

coverage and efficacy (Zorbas et al. (2016)). By 

focusing on the optimization of nozzle size (Yu et al. 

(2020)), flying height (Han & Bae (2018)), and speed 

(Nordin et al. (2021)), the study demonstrates that it is 

possible to achieve optimal results with lower chemical 

volumes, aligning with the goals of reducing 

environmental impact and safeguarding farmer health. 

The implications of these findings are profound, offering 

pathways to substantial cost savings for farmers and 

promoting a shift towards more environmentally 

responsible agricultural practices. This paradigm shift 

not only supports the health and safety of farmers by 

reducing their exposure to chemicals but also 

contributes to the broader objectives of sustainable 

agriculture by minimizing chemical runoff and 

preserving the integrity of ecosystems surrounding 

farmlands. 

Therefore, drones can be programmed to apply sprays 

precisely where needed, minimizing the amount of 

chemicals used. This precision reduces the risk of over-

application and prevents chemicals from affecting 

unintended areas, thereby protecting nearby crops, water 

sources, and wildlife. Drone technology can cover large 

areas quickly, ensuring timely application of treatments 

that would otherwise require considerably more time 

and labor (Carvalho et al. (2020), Subramanian et al. 

(2021)). This efficiency is crucial during critical periods 

of crop growth or pest infestation. Traditional spraying 

methods often expose farmers to chemicals, posing 

health risks from inhalation or skin contact. Drones 

eliminate the need for farmers to be in close proximity 

to the chemicals, significantly reducing their risk of 

exposure. Due to their precision, drones can apply 

chemicals in optimal quantities, decreasing the overall 

volume of pesticides released into the environment 

(Shaw & Vimalkumar (2020)). This approach not only 

is safer for the farmer but also supports sustainable 

farming practices. 

Although this study demonstrates the effectiveness of 

drone spraying in durian orchards, there are several 

limitations that should be considered. The small sample 

size used in the experiment may lead to some 

inaccuracies when comparing the results to larger and 

more diverse areas. Additionally, the study focuses 

solely on durian, which limits the applicability of the 

findings to other crops with different growth patterns 

and requirements. However, the integration of drone 
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technology in agriculture holds significant potential for 

increasing efficiency, reducing costs, minimizing 

chemical use and enhancing farmer safety in the future. 

Furthermore, drone usage supports environmental 

sustainability by reducing the release of chemicals into 

nature. Despite these benefits, there are challenges such 

as the high initial costs of adopting drone technology 

which may be a barrier for small scale farmers as well 

as technical issues related to operating and maintaining 

drones in adverse environmental conditions such as 

strong winds and rapidly changing weather. Addressing 

these challenges will be crucial to ensuring the 

sustainable use of drone technology in agriculture 

moving forward. 

5 Conclusion 

This study on drone spraying technology in Durian 

orchards underscores a significant advancement in 

agricultural practices, revealing its potential to enhance 

efficiency, and environmental sustainability. 

Incorporating these insights can provide a strong 

foundation for advocating the use of 125 liters per 

hectare in drone spraying, offering a compelling 

argument for reducing chemical use in agriculture 

through technological innovation. Highlight the study’s 

findings that demonstrate the efficacy of reduced 

chemical volumes in achieving desired agricultural 

outcomes without compromising crop health or yield. 

Additionally, discuss the implications for environmental 

sustainability, reinforcing the argument that technology 

can lead to more efficient, safer, and environmentally 

friendly farming methods. In addition, it highlights the 

technology’s role in reducing farmers’ exposure to 

harmful chemicals, thus safeguarding their health 

through precise application of treatments. This adoption 

is aimed at improving crop yield and quality while 

promoting safer and more sustainable farming practices 

in Thailand. As agriculture evolves towards precision 

and sustainability, drone technology emerges as a 

pivotal tool in realizing these goals, especially in high 

value crops such as Durian where the balance between 

productivity and environ- mental stewardship is critical. 

Future research should explore the scalability of drone 

technology across different crop types and regions, as 

well as investigate the long term economic benefits for 

small and large-scale farmers. Additionally, there is a 

need to address technical challenges such as drone 

maintenance, operational limitations under varying 

environmental conditions and the initial cost barrier for 

widespread adoption. These areas of investigation will 

be crucial for further advancing the role of drone 

technology in promoting sustainable and efficient smart 

farming. 

Acknowledgments 

Thanks to the Kubota Company at Chanthaburi for 

their support in providing the drone DJI T40 and a 

skilled pilot for the testing project on the farm. Thank 

you to The Fruit Development Center following the 

Royal Initiative in Chanthaburi Province for providing 

the durian farming area for our studies. Special thanks to 

Sueppong Mueanchamnong, Jiratchaya Chomjinda and 

Natthawat Wanthong for collecting the data in the hot 

weather on the farm. This collaboration has facilitated 

cutting-edge research and development activities and 

has significantly contributed to the advancement of our 

agricultural practices. 

References  

Ahmad, F., Khaliq, A., Qiu, B., Sultan, M. & Ma, J. 

(2021), ‘Advancements of spraying technology in 

agriculture’, Technology in Agriculture 33. 

Carvalho,   F.    K.,    Chechetto,    R.    G.,    Mota, A. 

A. & Antuniassi,   U.   R.   (2020),   ‘Challenges of 

aircraft and drone spray applications’, Outlooks on 

Pest Management 31(2), 83–88. 

https://doi.org/10.1564/v31 apr 07. 

Ferguson, J.  C.,   Chechetto,   R.  G.,   O’Donnell, C. C., 

Fritz, B. K., Hoffmann, W. C.,   Coleman, C. E., 

Chauhan, B. S., Adkins, S. W., Kruger, G. R. & 

Hewitt, A. J. (2016), ‘Assessing a novel 

smartphone application–snapcard, compared to 

five imaging systems to quantify droplet 

deposition on artificial collectors’, Computers and 



Pattharaporn T. et al.  Smart Farming and Agricultural Safety …. 

OPEN ACCESS 

https://jmcer.org 

 

91

Electronics in Agriculture 128, 193–198. 

https://doi.org/10.1016/j.compag.2016.08.022. 

Hafeez, A., Husain, M. A.,   Singh,   S.,   Chauhan, A., 

Khan, M. T., Kumar, N., Chauhan, A. & Soni, S. 

(2022), ‘Implementation of drone tech- nology for 

farm monitoring & pesticide spraying: A review’, 

Information processing in Agriculture. 

https://doi.org/10.1016/j.inpa.2022.02.002. 

Han, J. & Bae, I. (2018), Social proxemics of human- 

drone interaction: Flying altitude and size, in 

‘Companion of the 2018 ACM/IEEE International 

Conference on Human-Robot Interaction’, pp. 

376–376. 

https://doi.org/10.1145/3173386.3177527. 

Iost Filho,   F. H.,   Heldens,   W. B.,   Kong,   Z. & de 

Lange, E. S. (2020), ‘Drones: innovative tech- 

nology for use in precision pest management’, 

Journal of economic entomology 113(1), 1–25. 

https://doi.org/10.1093/jee/toz268 

Ketsa, S., Wisutiamonkul, A., Palapol, Y. & Paull, R. E. 

(2020), ‘The durian: Botany, horticulture and 

utilization’, Horticultural reviews 47, 125–211. 

https://doi.org/10.1002/9781119625407.ch4. 

Kotarski,      D.,      Piljek,      P.,      Pranji´c,      M.     & 

Kasa´c,      J.     (2023),      ‘Concept     of     a     

modu- lar multirotor heavy lift unmanned   aerial 

vehicle platform’, Aerospace 10(6), 528. 

https://doi.org/10.3390/aerospace10060528. 

Mahajan,   S.,   Darodkar,    A.,    Dahake,    P.    & Bahl, 

L. (2023), Review on   pesticides   spray- ing 

agricultural drone, in ‘AIP Conference 

Proceedings’, Vol. 2753, AIP Publishing. 

https://doi.org/10.1063/5.0127796. 

Majaw, N. & Ahmed, S.   S.   (2023),   Exploring data 

distributions using box and whisker plot analysis, 

in ‘2023 14th International Conference on 

Computing Communication and   Network- ing 

Technologies (ICCCNT)’, IEEE, pp. 1–

8.https://doi.org/10.1109/ICCCNT56998.2023.10

308191 

Mandal, M., Jain, R., Pandey, A. & Pandey, R. (2021), 

‘An economical helping hand for farmer’s 

agricultural drone’, Smart Agriculture Automation 

Using Advanced Technologies: Data Analytics 

and Machine Learning, Cloud Architecture, 

Automation and IoT pp. 165–176. 

Nansen, C., Ferguson, J. C., Moore, J., Groves, L., 

Emery, R., Garel, N. & Hewitt, A. (2015), 

‘Optimizing pesticide spray coverage using a 

novel web and smartphone tool, snapcard’, 

Agronomy for Sustainable Development 35, 

1075–1085. 

Nordin, M. N., Jusoh, M. S. M., Bakar, B. H. A., Ahmad, 

M. T., Mail, M. F., Vun,   C.   T., Chuang, T. C., 

Basri, M. S. H. & Zolkafli, A. K. (2021), ‘Study 

on water distribution of spraying drone by 

different speed and altitude’, Advances in 

Agricultural and Food Research Journal 2(2). 

https://doi.org/10.36877/aafrj.a0000215. 

Shaw, K. K.   &   Vimalkumar,   R.   (2020),   ‘De- sign 

and development of a   drone   for   spraying 

pesticides, fertilizers and disinfectants’, 

Engineering Research & Technology (IJERT). 

https://doi.org/10.3389/fagro.2021.640885. 

Shieh, G. & Jan, S.-L.   (2004),   ‘The   effectiveness of 

randomized complete   block   design’, Statistica 

Neerlandica 58(1), 111–124. 

https://doi.org/10.1046/j.0039 

0402.2003.00109.x. 

Srinil, P. & Thongnim, P. (2024), ‘Deep learning en- 

hanced hand gesture recognition for efficient 

drone use in agriculture’, International Journal of 

Advanced Computer Science & Applications 

15(5). 

Subramanian,   K.,    Pazhanivelan,    S.,    Srinivasan,    

G.,    Santhi,    R.    &    Sathiah,     N. (2021),   

‘Drones   in   insect    pest    management’, Frontiers 

in Agronomy 3, 640885. 

https://doi.org/10.3389/fagro.2021.640885 

Thongkaew, S., Jatuporn, C., Sukprasert, P., Rueangrit, 

P. & Tongchure, S. (2021), ‘Factors af- fecting the 

durian production of farmers in the eastern region 

of thailand’, International Journal of Agricultural 

Extension 9(2), 285–293. 

Thongnim, P., Yuvanatemiya, V., Charoenwanit, E. & 

Srinil, P. (2023), Design and testing of spraying 



 

92

drones on durian farms, in ‘2023 International 

Technical Conference on Circuits/Systems, 

Computers, and Communications (ITC-CSCC)’, 

IEEE, pp. 1–6. https://doi.org/10.1109/ITC- 

CSCC58803.2023.10212524. 

Thongnim, P., Yuvanatemiya, V. & Srinil, P. (2023), 

Smart agriculture: Transforming agriculture with 

technology, in ‘Asia Simulation Conference’, 

Springer, pp. 362–376. 

Velusamy, P., Rajendran, S., Mahendran, R. K., Naseer, 

S., Shafiq, M. & Choi, J.-G. (2021), ‘Unmanned 

aerial vehicles (uav) in precision agriculture: 

Applications and challenges’, Energies 15(1), 217. 

https://doi.org/10.3390/en15010217. 

Yu, S.-H., Kim, Y.-K., Jun, H.-J., Choi, I. S., Woo, J.-

K., Kim, Y.-H., Yun, Y.-T., Choi, Y., Alidoost, R. 

& Lee, J. (2020), ‘Evaluation of spray 

characteristics of pesticide injection system in 

agricultural drones’, Journal of Biosystems 

Engineering 45, 272–280. 

Zorbas, D., Pugliese, L. D. P., Razafindralambo,m T. & 

Guerriero, F. (2016), ‘Optimal drone placement 

and costefficient target coverage’, Journal of 

Network and Computer Applications 75, 16–31. 

https://doi.org/10.1016/j.jnca.2016.08.009. 

 

Biography 

 

Pattharaporn Thongnim is a 

lecturer at Burapha University in 

Thailand. She holds a Ph.D. in 

Statistics and Data Science from 

the University of Leicester in the 

UK. She also uses drones for 

innovative farming solutions. 

Her career focuses on using 

modern statistical and machine 

learning techniques with 

logistics, climate and agricultural 

data. This helps her understand 

the environmental factors that 

impact agricultural economics 

and logistics. 

 Panida Duangkaew has a Ph.D. in 

Biochemistry from the Faculty 

of Science at Mahidol 

University, Thailand. She 

currently works as an Assistant 

Professor at the Faculty of 

Animal Science and Agricultural 

Technology at Silpakorn 

University, Thailand. Her 

research focuses on agricultural 

biotechnology related to plant 

production and biocontrol, with 

the goal of promoting 

agricultural and environmental 

sustainability. 

 Phaitoon Srinil is an Assistant 

Professor at the Faculty of 

Science and Arts, Burapha 

University, Thailand. He earned 

both his B.Eng and M.Eng in 

Computer Engineering from 

King Mongkut’s Institute of 

Technology Ladkrabang 

(KMITL), Bangkok, Thailand. 

Currently, he is a dedicated 

lecturer in the Department of 

Information Technology and 

Data Science (ITDS) at the 

Faculty of Science and Arts, 

Burapha University, Bangkok, 

Thailand. His research spans a 

broad array of interests, 

including the Internet of Things 

(IoT) and precision agriculture, 

pattern recognition, deep 

learning, smart technology, and 

the burgeoning field of Artificial 

Intelligence (AI). 

 

 

 

 
 

 

 

 

 


