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ABSTRACT. The use of Remotely Piloted Aircraft Systems (RPAS) as Remote Sensing platforms has been
gaining more and more applicability in various fields of study, one of them being the agricultural sector.
The interest in this technology segment is mainly due to its flexibility to acquire high-resolution data
quickly. Data that helps, for example, identify and monitor pests and diseases. Therefore, this work aims to
develop a systematic analysis at a global level to assess the evolution of publications over the years and the
current state of the art in the use of RPAS technology in monitoring pests and diseases in crops. Twenty-
nine scientific articles came from the Web of Science, Scopus, and Google Scholar platforms, identifying
the places of origin of publications, agricultural species, platforms, and sensors. China and the United States
published most of the works. Multirotor platforms have been more used compared to fixed-wing platforms.
RGB (Red, Green, and Blue) and Multispectral sensors totaled 25% and 40.44%, respectively. It is expected
that technological advances and RPAS improvement increasingly strengthened the control of pests and
diseases in crops, contributing to a greater appreciation of the benefits of this system.
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Introduction

Identifying the appearance of pests and diseases early in crops is extremely important so that the producer
can take precautions in advance and thus avoid considerable economic losses. Thus, real-time monitoring
and identification of pests and diseases in agricultural plantations (PDPA) are the basis for timely prevention
and control. Traditionally, land surveys have been the only practical approach to monitoring and
discriminating these PDPAs. However, these are often time-consuming and expensive.

Visual assessment of disease severity, for example, is often subject to subjectivity, in addition to being
laborious (Bock, Poole, Parker & Gottwald, 2010; El Jarroudi et al., 2014). Therefore, Remote Sensing (SR) has
become a viable technology for detecting and evaluating PDPA in recent decades.

The perspective these images provide of the target areas offers an objective assessment and a low-cost
method for monitoring large areas compared to land-based exploration (Dash, Watt, Pearse, Heaphy, &
Dungey, 2017). Furthermore, these images provide a panoramic view of growing areas, so early detection of
pests and diseases in their spatial extent can help contain the spread and reduce production losses. Ahmad,
Ordonez, Cartujo, and Martos (2021) highlight an increase in the application of RPAS in agriculture in recent
years along with the development of new strategies and data acquisition and analysis. Thus, images acquired
through RPAS are increasingly calling attention to the discrimination of healthy plants from diseased plants,
in addition to monitoring the progress of such diseases in the field Dehkordi, El Jarroudi, Kouadio,
Meersmans, & Beyer, 2020).

Studies carried out by Roosjen, Kellenberger, Kooistra, Green, and Fahrentrapp (2020) highlighted the
potential of RPAS in detecting Drosophila suzukii (spotted wing drosophila) in fruits. Song et al. (2020)
estimated reed loss caused by the Locusta migratoria manilensis (locust) attack using hyperspectral data based
on RPAS. Maes and Steppe (2019), Ampatzidis and Partel (2019), Romero, Luo, Su, and Fuentes (2018) used
RPAS in precision agriculture to detect weeds, diseases, assessment of vegetation cover, nutritional status,
growth vigor, and water stress.

In this context, the use of RPAS to detect PDPA during crop growth stages can help implement effective
management plans promptly to avoid or mitigate significant losses in yield and quality. Given the above, the
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present work aimed to perform a systematic review at a global level to analyze the publications' evolution
over the years and state of art on the use of RPAS technology in monitoring pests and diseases in crops.

Material and methods

The research methodology adopted is the systematic and bibliometric review of recent publications in
RPAS application. For this purpose, the searches were performed on the scientific information platforms Web
of Science, Scopus, and Google Scholar, widely applied in the institutional and scientific scope.

The search configured the descriptors of scientific articles according to the combinations of terms (Table
1). The period considered for the research comprised the year 2000 to 2020 and considered the descriptors in
titles, keywords, and abstracts.

Table 1. Descriptors used to search for scientific articles on the Web of Science, Scopus and Capes platforms.

Thematic areas Descriptive terms
Platform “RPAS” “UAS” “UAV”
Area “Agriculture” “Agricultural”
Application “Pests” “Disease”

Search for scientific articles

The identification phase returned 625 articles. After reading the abstract, 588 articles were excluded in the
selection phase as they did not meet the research purpose. The Eligibility phase had 37 articles within the
subject under study. However, the publications were grouped regardless of the search platform, excluding two
articles repeated between platforms. Thus, in the Inclusion phase, 29 articles were kept for systematic review.

Figure 1 illustrates the flowchart of the PRISMA method (Liberati et al., 2009), describing the four phases
applied for the selection of articles.
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Figure 1. Identification and selection of articles for systematic review on the use of RPAS in monitoring pests and diseases in
agriculture.
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Data processing and analysis

Microsoft Excel® spreadsheet tabulated the data for analysis and quantification, with the following study
variables: article title, journal name, country, author, year of publication, descriptors, thematic axis (pests or
diseases), type of platforms, and sensor. Subsequently to the data tabulation, quantitative analyzes were
carried out at different levels, enabling a better approach related to trends and contributions to the practical
application of RPAS. Finally, it addresses the most recurrent aspects of its application and the important
advances, trends, and innovations.

Results and discussion

Use of RPAS applied to pests and diseases in agriculture

Figure 2 shows the number of publications over time, over 20 years. Discussion on the topic of PDPA starts
from 2016 onwards, but the evolution in 2018 is notorious. In subsequent years there was a decline in
publications. This fact may be related to research that is still not widespread on the application of RPAS in
PDPA. However, it is essential to highlight that RPAS positively helps monitor attacks or invasion of pests
and diseases and can promote significant gains compared to conventional methods.
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Figure 2. Number of publications related to agricultural pests and diseases over the years.

According to Eugenio and Zago (2019), the use of RPAS is recent in the agricultural sector and,
consequently, there is a lack of studies, a fact that may be related to the high cost of sensors coupled to RPAS,
lack of qualified professionals and the non-popularization of the technology in the agricultural scope.

RPAS to help monitor PDPA has an evolutionary trend in disseminating scientific production, so that
research has been carried out in almost all countries (Figure 3). The most prominent countries in the
production of scientific articles were China (27.6%), the United States (USA) (17.24%), followed by
Switzerland (7%). Africa, Iran, Brazil, and Germany totaled 6.90% each, while India, Australia, France, Greece,
and Japan totaled 3.45% each. Only one article (3.45%) did not inform the research's country.
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Figure 3. Classification of articles by countries.
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The fact that China and the USA have many publications may be related to the concentration of
agricultural activities in these countries. For example, according to Leusin Jr. (2017), China is the world's
largest producer of rice and tobacco, the second-largest wheat and corn producer, and the fourth-largest soy
producer. This fact corroborates Yang, Yang, and Mo (2017), in which they highlight that the main
applications of RPAS in China are due to the efficient management of pests and diseases, aiming to increase
crop protection. On the other hand, the US produced in 2017-2018 a total of 20.9 million bales of 218 kg
cotton, with a production value of $7.2 billion (USD), ranking third after India and China, and is the largest
cotton exporting country in the world (USDA, 2017).

Agricultural species

Four groups classify agricultural species: annual, perennial, greenhouse, and uninformed crops (Figure 4).
Most studies refer to perennial crops, with Triticum sp. (wheat) with 20%, Zea mays (corn) (10%), Pyrus (pear),
Gossypium (cotton), and Solanum lycopersicum (tomato) totaled 6.67% each. According to Liakos, Busato,
Moshou, Pearson, and Bochtis (2018), wheat is one of the most economically influential cultures in the world.
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H Greenhouse Cultures
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Figure 4. Classification of publications by agricultural crops.

Dehkordi et al. (2020) evaluated, through RGB images obtained from RPAS, healthy plants infected by leaf
rust of Triticum aestivum L. (wheat), aiming at a system to assist producers in improving the management of
this disease. Furthermore, studies carried out by Chivasa, Mutanga, and Biradar (2020) aimed to evaluate the
phenotyping efficiency of Zea mays L. (maize) crop using RPAS data in response to corn streak virus disease.
Finally, Tetila, Machado, Belete, Guimaraes, and Pistori (2017) used RPAS images to identify leaf diseases in
Glycine max (soybean), indicating the great possibility of using imaging tools to detect leaf anomalies.

Perennial crops represent 23% of the use of images obtained from RPAS for pests and diseases. Bagheri,
Mohamadi-Monavar, Azizi, and Ghasemi (2018) evaluated the fire blight in pear orchards at leaf and treetop
levels. Abdulridha, Batuman, and Ampatzidis (2019) used RPAS images to detect cancer in Tangerine sugar
Belle treetops. Studies carried out by Mattupalli, Moffet, Shah, and Young (2018) aimed to develop a workflow
to produce maps of Phymatotrichopsis root rot disease that affects the culture of Medicago sativa L. (alfalfa),
through sets of high-resolution images acquired from two different platforms, as well as evaluating the
feasibility of using the maps to monitor disease progression in alfalfa fields. Ye et al. (2020) used multispectral
images to identify locations infested or not with Fusarium wilt, a disease that attacks banana plantations.
Using RPAS images and a multispectral camera, Heim et al. (2019) could discriminate myrtle rust
(Austropuccinia psidii) in lemon trees treated and not treated with fungicide at the canopy level. Next, with
10% of publications, greenhouse crops stand out. Attada and Katta (2019) used RPAS images to detect pests
in greenhouse crops.

Platforms and Sensors

The most used RPAS platform was the multirotor type, representing 75% of the analyzed articles, and 25% were
the fixed-wing ones. Regarding the sensors embedded in the RPAS (Figure 5), 44.44% of the studies used
multispectral cameras, mostly coupled to multirotor platforms. On the other hand, RGB and hyperspectral sensors

accounted for 25% and 13.89%, respectively, while 16.67% of authors did not inform the type of sensor used.
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Figure 5. Relationship between sensor type and platform type.

Eugenio et al. (2020) highlighted the combination of different sensors as the current and next step in
applications using RPAS, with the integration of artificial intelligence algorithms. Regarding multispectral
sensors, their wide use is related to capturing critical information about vegetation (Chianucci et al., 2016).
The main advantage of RGB sensors is their high availability, high spatial resolution, and low cost of the
cameras, compared to other types of sensors (Garcia-Berna et al., 2020).

It is important to emphasize that all sensors had the preference to use multirotor platforms. One of the
features of these platforms is the ability to land and take off vertically and facilitate the assessment of small
areas compared to fixed-wing models (Eugenio et al., 2020). Furthermore, according to Del Cerro, Ulloa
Barrientos, and De Le6n Rivas (2021), multirotor has become more popular due to their mechanical simplicity.

Conclusion

Scientific publications emphasized the use of RPAS from 2016 onwards, which shows that research related
to pests and diseases in crops is recent. However, these techniques have shown promising results in mapping
and identifying the damage caused by PDPA. Also, most research using sensors embedded in RPAS focus on
diseases. However, there is a greater need for reproducible research and applicable to pests in agricultural
species. Concerning the agricultural species analyzed, there is greater interest on the part of researchers in
annual crops. Among the articles analyzed, the most frequent platform was the multirotor type. The
information obtained by RPAS offers a range of possibilities for monitoring at all stages of the crop cycle.
When incorporated with sensors that allow spatial data acquisition, they become an essential tool for real-
time visualization. One of the challenges of monitoring pests and diseases through data acquisition with RPAS
is developing techniques that recognize anomaly patterns. Another point to be highlighted is acquiring data
with RPAS, which requires significant technical knowledge and experience to process them. Finally, it is
necessary to highlight that the technological advances and improvement of RPAS have increasingly facilitated
the accurate assessment in large areas in a short time and at a lower cost, aiming to improve the quality of
information used for decision-making. Likewise, Big Data and deep learning approaches can also be included
in the image processing for the stages of detection and identification of pests and diseases, thus aiming to
contribute to their control effectively. It is expected that with the advancement of RPAS platform technology,
new camera designs, improved image processing techniques, and a more significant number of RPAS-based
Remote Sensing studies for pest and disease application in crops will be increasingly strengthened,
contributing to a greater appreciation of the benefits of these systems.
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