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Abstract

The use of drones to evaluate crops has become increasingly common. Among these uses, the drone helps in the
cultivation of cotton a crop that is highly prone to intense attacks by pests and diseases. This study aimed to
evaluate the use of drones in evaluating trials in cotton cultivation in the Southwest of Goiés, Brazil. A Phantom
4 Pro drone was used to carry out the mapping and WebODM was used to carry out photogrammetry and obtain
the ExG vegetation index. ExXG proved to be efficient in detecting differences between blocks. The use of drones
provided a series of benefits in the assessment process in cotton cultivation. The ability to fly over the area
quickly and accurately allowed detailed, and punctual images to be obtained which was essential for monitoring
plant health and identifying problem areas such as pest or disease infestations.

Keywords: drone, Gossypium genus, agricultural area mapping, agricultural disease control, technology in
agriculture.

Aplicacéo de drone no auxilio sobre avaliacdo de ensaios na cultura de algodao
(Gossypium hirsutum L.) f. Malvaceae

Resumo

O uso de drones na avaliacdo de lavouras tem se tornado cada vez mais frequente. Dentre esses usos, o drone
auxilia na cultura do algodao, cultura essa, altamente propicia ao ataque intenso de pragas e doengas. Este estudo
teve por objetivo, avaliar o uso de drones em avaliagdo de ensaios na cultura de algoddo no Sudoeste de Goias,
Brasil. Foi utilizado drone Phantom 4 Pro para realizar o mapeamento e o WebODM para realizar a
fotogrametria e obtencédo do indice de vegetacdo ExG. O ExG mostrou-se eficiente na detecgdo sobre diferencas
entre os blocos. O emprego do drone proporcionou uma série de beneficios no processo de avaliagdo na cultura
de algoddo. A capacidade de sobrevoar a area de forma réapida e precisa, permitiu a obtencdo de imagens
detalhadas e pontuais, o que foi fundamental para 0 monitoramento sobre a salde das plantas e identificar areas
com problemas, como infestacdes de pragas ou doencas.

Palavras-chave: drone, género Gossypium, mapeamento de area agricola, controle de doencas agricolas,
tecnologia na agricultura

1. Introduction

Cotton (Gossypium hirsutum L.) family Malvaceae is one of the oldest and most important crops for humanity.
Archaeological studies date back 4,000 years to the period in which this botanical species was domesticated in
southern Arabia. As it is a vegetable and natural fiber, cotton is of great global importance, in addition to being
widely used in the oil production, animal feed and textile industries (Rossi et al., 2020; Bender et al., 2020;
Oliveira et al., 2021; Ferreira et al., 2022).
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Cotton production is an activity with great economic and social relevance; therefore, it occupies approximately
2.5% of the world's arable land. There are approximately 81 countries that grow cotton, where the largest
producers per tenth are represented by China, United States of America and India. For Prado Janior (1987) and
Agnelli (2022), cotton was one of the products that was exploited on a small scale since the colonial beginnings
for the manufacture of fabrics and was thus widespread among indigenous tribes.

In Brazil, cotton cultivation is strategically important for the economy with this nation being the second largest
exporter of processed cotton in the world. Brazilian cotton farming has undergone profound productive and
technological transformations, making it more sustainable and efficient (Ferreira et al., 2022). New field
management techniques, investments, research into genetic improvement and mechanization, and better
processing have increased the quality and quantity of Brazilian cotton harvested making this production
compliant for the cotton industry. Furthermore, cotton has historical importance in the country with the
production of herbaceous cotton with shorter fibers and annual cycle beginning in the 18th century, in the state of
S&o Paulo with the industrial revolution. The use of digital technologies, such as precision agriculture has led to
encouraging results in cotton farming in Brazil and with high planting attractiveness for other regions of the
country (Severino et al., 2019; Puia et al., 2020; Alcantara et al., 2021; Lavrati et al ., 2022).

The use of technologies for Brazilian trade represents a transfer of cotton production in our country from typical
production areas to semi-arid regions and the Cerrado, where it contributes to the increase in imports and exports
of high-quality fiber. A study found that cotton cultivation in the Brazilian Cerrado is being more productive
when compared to the areas normally used for this already well-established culture. The Brazilian Cerrado has
stood out as the main cotton producing area due to its high quality of labor, high level of technological level and
crop management, which includes precision agriculture with the use of drones that assist in decision making
(Embrapa, 2017; Ferreira et al., 2022).

The definition of Unmanned Aerial Vehicle’s (UAVS) by the Brazilian Aeronautical Modeling Association
(BAMA) is: “capable of flying in the atmosphere without influence from the ground, designed or modified to not
accommodate a human pilot and/or remotely controlled or autonomously operated vehicles” (Yao et al., 2019;
Oliveira et al ., 2020; Kolling; Rampim, 2021). The classification of a drone's functionality is made according to
its type of control, and it can be autonomous (no human pilot is needed to control the drone from the ground, and
it is powered by its own integrated systems and sensors) , requiring a human technician, whose job is to provide
information and control the drone's responses, common in photogrammetry and precision agriculture (PA) work.
Under supervision (some tasks are performed independently, but the operator commands). Pre-programmed (has
a pre-prepared flight plan and cannot change it once executed) and remotely controlled (piloted directly by a
technician through the console) (Pino, 2019; Pereira et al., 2021).

The development of drones has become an important PA tool. However, there is still a low content of
information in the literature on the use of drone images and simple vegetation indicators as management
adjustment tools, aiming to increase productivity and reduce production costs (Souza et al., 2019). The
application of drones in agricultural areas and reconnaissance missions is facilitated by technological evolution,
in addition to their lower cost than other equipment, they do not require a crew and do not require production
optimization (Oliveira et al., 2020; Cerro et al., 2021).

Artioli & Beloni (2016) highlight that in Brazil, drones have become allies in the application of PA in crops. This
is because drones can be precise and capable of detecting and monitoring large areas in real time through the
images they produce, where it is possible to identify areas to combat pests and diseases or deficiencies in
fertilization. The use of UAVs is a way of monitoring the development of different agricultural crops, including
cotton. This makes it possible to produce aerial photographs of large surfaces at a low cost, highlighting the high
resolution (2 or 4K resolutions) and allowing the instrument to be used on a large scale. The estimation of
parameters related to biophysical and biochemical issues is of great importance for agricultural practices. It also
helps in the assessment of genotypic behavior and the effects of biotic and abiotic stress, contributing to farmers'
decision-making process, thus avoiding unnecessary expenses that can be avoided with UAVs (Souza et al.,
2019). Furthermore, drones can be used for various purposes, such as monitoring crops, identifying problem
areas, aerial spraying of pesticides, crop health, irrigation problems, among others (Villafuerte et al., 2018;
Oliveira et al., 2022).

The Excess Green (ExG) vegetation index is an essential tool for analyzing the state of vegetation, widely
applied in various areas, such as agriculture, forestry and environmental monitoring. Gao (1996) argues that this
index highlights regions that present an excess of biomass or vegetative vigor, making it possible to identify

26



Brazilian Journal of Science, 3(3), 25-33, 2024. ISSN: 2764-3417

areas of healthy growth in contrast to those that may be under stress due to factors such as phytopathogens,
macro and micronutrient deficiencies or infestations. by agricultural pests. ExG's ability to provide detailed
information about plant health is crucial for accurate decision-making and effective natural resource
management, making it a valuable tool in PA and sustainable ecosystem management.

As a result, the application of digital technologies such as PA has enhanced results in Brazilian cotton farming,
making it more sustainable and efficient and the use of UAVs in the evaluation of cotton trials can bring
significant benefits to production, also allowing for a quick and targeted response. to solve problems and make
production adequate and decisive associated with geographic coordinates (Bernardi et al., 2015; Viana et al.,
2018; Silva & Silva-Mann, 2020; Bassoi et al., 2019; Pamplona; Silva, 2019; Ferraz et al., 2022).

This study aimed to evaluate the use of drones as an aid in the evaluation of agricultural trials, especially in
cotton (Gossypium hirsutum) cultivation.

2. Materials and Methods
2.1 Study area

The study with cotton cultivation was conducted at the Institute of Agricultural Sciences (ICA), located in the
municipality of Montividiu, State of Goias, Brazil (Figure 1). The region is predominantly characterized by
Oxisol soils, although other variations can also be found, such as Haplic Gleisol, Argisol and Dystrophic
Red-Yellow Argisol. Tropical climate with two distinct seasons, Summer and Winter and the geographic
coordinates of the place are (17.4455 S and 51.1468 W) with 885 elevation.
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Figure 1. Location of the cotton crop experiment and plots. Source: Authors, 2023.

2.2 Flight planning and mapping

The Drone Deploy application was used to plan the flight at a height of 50 m with an overlap of 80% in the
forward direction and 75% in the lateral direction. The mapping was conducted using a Phantom 4 Pro drone
with an RGB camera (1” CMOS sensor and 20MP), following the recommendation to carry it out between 10
and 11 am. The flight plan was executed on February 10, 2023 (Figure 2).
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Figure 2. Flight plan in the DroneDeploy application. Source: Authors, 2023.

2.3 Image processing

For image processing, the Open Drone Map software (WebODM; https://opendronemap.org) obtained during the
mapping phase was used. After completing this processing, the digital terrain model was obtained. For the
geoprocessing of the orthomosaic and the digital terrain model, the ArcMap software (Esri®) was used (Figure
3).
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Figure 3. WebODM interface, photogrammetry program. Source: Mapping image processing report with
WebODM and ArcMap, WebODM and ArcMap, 2023.

2.4 Experimental design

For the experiment in cotton cultivation, a randomized block design was used, consisting of 4 blocks and 8
treatments (Figure 4).

28



Brazilian Journal of Science, 3(3), 25-33, 2024. ISSN: 2764-3417

AZ
B7
C2.

AT
D5

c6
AS
D3
B8

c3
AS

B3

cr
Ad

B6

A3

D2
BS v

A2

ne
B4

C5 Vi s
A1 ; B
B2 o e ST

cs

Figure 4. Statistical mapping of plots and treatments for the experiment with cotton cultivation in the IGA
experimental area. Source: Authors, 2023. Note: Letters (A at D) and numbers (1 at 8) are blocks and treatments
respectively.

2.5 Statistical analysis

The data were subjected to the Shapiro-Wilk normality test with 5% significance and the Bartlett test for
homogeneity with 5% significance. Data that did not present normal distribution and/or homoscedasticity were
transformed using the Box-Cox family of transformations (Box; Cox, 1964). Then, the data were subjected to
analysis of variance using the F test with p < 0.05) and, when significant, the Tukey test with p < 0.05 was used
in the qualitative analysis for comparison of means. All analyzes were performed using the statistical software R
(version 4.2.0) by Ferreira et al. (2014) and Team (2018).

3. Results and Discussion

In figure 3, it can be seen that the block with the highest EXG was block C and the one with the lowest ExG
value was block B, with blocks A and D having intermediate performance. The EXG index has played a crucial
role in assessing the health status of agricultural crops. In the study by Smith et al. (2022), researchers found the
application of ExG to be highly effective in early detection of water stress in corn crops.

The results highlighted that areas with lower ExXG values were correlated with an imminent need for irrigation,
allowing farmers to take preventative measures to avoid plant damage. Furthermore, in an environmental
monitoring context, Jones et al. (2021) explored the use of EXG to assess the health of tropical forests. Their
findings demonstrated that this index was sensitive to changes in vegetation conditions, being a valuable
indicator in identifying areas of deforestation and forest degradation, contributing to the conservation of these
ecosystems.

The low performance of block B in relation to the ExG index (Figure 5) may be due to the intrinsic
characteristics of the study area, given that the purpose of the block design is to distribute local heterogeneity. As
observed by Silva et al. (2019), poor roads can cause a series of significant problems in soybean crops, ranging
from soil compaction due to heavy vehicle traffic to erosion, which can result in the loss of nutrients and fertile
soil, compromising productivity. of culture. Furthermore, the presence of roads in poor condition can make
logistics and harvest transportation difficult, increasing production costs and negatively impacting farmers'
profitability.

Another challenge highlighted by Pereira et al. (2020) in relation to roads close to soybean growing areas is the
spread of pests and diseases. The movement of vehicles and agricultural equipment can facilitate the transport of
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pests and pathogens between different planting areas, contributing to the rapid spread of phytosanitary problems.
To mitigate these problems, it is essential that producers and authorities pay attention to the adequate
maintenance of roads and the implementation of phytosanitary control measures in order to protect soybean
crops and maintain the sustainability of agricultural production.

In another study, carried out by Wang et al. (2020), the ExG index was used to assess the health of tea plantations
in the Yunnan region of China. The researchers noted that ExG was able to identify areas of nutritional
deficiencies in tea plants, allowing farmers to apply fertilizers in a targeted manner, optimizing resource use and
increasing productivity. Therefore, EXG is a versatile and valuable tool in various applications, from precision
agriculture to environmental conservation.

Therefore, the use of Unmanned Aerial Vehicles (UAVS), more commonly known as drones, represents an
effective approach to monitoring the progress of various crops. These devices allow the capture of aerial images
of vast expanses of land at a relatively low cost, highlighting the high resolution of the images, making their
large-scale application possible (Souza et al., 2019).
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Figure 5. Graph referring to the Vegetation Index — excess green vegetation index - ExG. Source: Authors 2023.

In Figure 6, it can be seen that treatment 1 had the worst performance from a numerical point of view in relation
to the EXG index. According to the study by Silva et al. (2021), pests pose a significant threat to cotton
plantations, with the boll weevil being a major concern. Integrated pest management, which includes the use of
selective pesticides and the implementation of biological control practices, has been shown to be effective in
reducing damage caused by these pests. Furthermore, genetic research has contributed to the development of
pest-resistant cotton varieties, reducing dependence on chemical pesticides and making production more
sustainable.

Another challenge in treating cotton crops is controlling diseases such as Fusarium wilt. As pointed out by Torres
et al. (2020), the adoption of crop rotation practices and the use of seeds treated with fungicides have been
important strategies for controlling Fusarium wilt. Furthermore, the application of soil management techniques,
such as improving drainage and adopting appropriate irrigation practices, can contribute to reducing the
incidence of this disease. Together, these approaches aim to ensure sustainable cotton production while
minimizing the risks of crop losses due to pests and diseases.

As observed by Oliveira et al. (2022), drones play a crucial role in capturing images, facilitating the producer's
task in mapping failures in planting and fertilization, while at the same time enabling the monitoring of crop
development. Furthermore, drones enable soil analysis and the identification of pests and diseases.
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Figure 6. Graph relating to treatment — ExG. Source: Authors, 2023.

4, Conclusions

The use of drones in cotton farming is an important fundamental tool for the modernization and optimization of
agriculture, bringing significant benefits to farmers and the agricultural sector. The EXG vegetation index
demonstrated efficiency in aiding cotton test evaluations, managing to perceive some differences, albeit between
blocks.

Furthermore, the use of drones in cotton farming reduces dependence on traditional monitoring methods, such as
manual inspection, which is laborious and time-consuming. In addition, the ability of drones to cover large areas
of land in a short space of time means that distant and difficult-to-reach areas can be monitored with ease,
ensuring that no critical points are overlooked.

Finally, the use of drones in cotton farming is an important evolution towards precision agriculture, in which the
application of inputs such as fertilizers and pesticides can be adjusted according to the specific needs of each
area of the plantation. This not only results in resource savings, but also reduces the environmental impact of
agriculture, making it more sustainable in the long term. Therefore, the adoption of drones in cotton farming is
not just a trend, but a necessity to meet the growing demands for food and fiber in a more efficient, economical
and environmentally responsible way.
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