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ABSTRACT

Objective: Develop a fast, practical, and inexpensive methodology for determining plants with HLB symptoms
by exploring the potential use of Sentinel-2 satellite images.

Design/Methodology/Approach: Sentinel-2 images were used to perform a supervised classification to
discriminate healthy Persian lime trees and trees with HLB molecularly verified by qPCR, and other land uses
in the citrus growing area of Huimanguillo, Tabasco.

Results: The results showed that in the green (560nm), red (665 nm), and near-infrared (705 nm) band regions,
the spectral response of trees with HLB is higher than that of healthy trees. Likewise, there is an area of 26.96
and 12 981 hectares of Persian lime affected and free of HLB, respectively, with an accuracy of 0.84 % and
a Kappa coefficient of 0.83. Field verification corroborated three plantations where plants with HLB were
previously detected and are currently in production.

Study Limitations/Implications: The study was carried out in the season of less cloud cover, as this is a
limiting factor for the image analysis since it can lead to inadequate tracking of the affected area.
Findings/Conclusions: The results showed that it is possible to differentiate Persian lime plants affected by
HLB from healthy plants using Sentinel-2 satellite images.

Keywords: Citrus greening, Candidatus Liberibacter asiaticus, satellite image, spectral reflectance.

INTRODUCTION

According to data from the Servicio de Informacién Agroalimentaria y Pesquera,
in 2020 the surface cultivated of citrus in Mexico was approximately 572 017 hectares,
which generated an estimated production of 8 017 277 tons of fresh fruit. Of this cultivated
surface, 58% is occupied by the orange, 21% by Persian lime, 17% by Mexican lime, and
4% by grapefruit and pomelo. In the state of Tabasco, there is a cultivated surface of 15
501 hectares of citrus, of which 94% are established in the municipality of Huimanguillo,
with 14 189 ha of Persian lime and 438.5 ha of Valencia orange, contributing a production
of 171 966 tons of fresh fruit (STAP, 2020); however, there are adverse factors such as pests
and diseases that reduce their quality and production. Globally one of the most critical
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diseases today is citrus huanglongbing (HLB), considered one of the limiting factors in
production since it reduces it in most cultivated areas, million citrus plants have been
infected, and the yield has decreased (Bové, 2006). In the case of Mexico, HLB is caused by
the bacteria Candidatus Liberibacter asiaticus (CLas), restricted to the plant’s phloem; the
bacteria is transmitted by the Asian citrus psyllidae, Diaphorina citri. In México, the first
detection of CLas was carried out in 2009 in Yucatdn (Trujillo-Arriaga, 2009), and in 2012
it was reported in Tabasco (Trujillo-Arriaga, 2012) after having been reported in other
states of the north and south of the country. Currently, CLas and D. citri are distributed
in all the citrus zones of the country. The productive losses that have been reported due
to this disease have been 62% in Mexican lime (Robles-Gonzalez e al., 2013) and 17%
in Persian lime (Flores-Sanchez et al., 2015). The characteristic symptom is a spotting of
irregular and asymmetrical edge with regards to the central nerving of the leaves. In some
cases, in the tree affected, there are yellow outbreaks with a sectoral distribution (Halbert
and Manjunath, 2004; Gottwald ez al., 2007). Once a tree branch is infected, the bacteria
propagate gradually on the entire tree. The timely detection and elimination of sick trees
are recommended to avoid the dispersion of HLB and monitor the plantations affected and
control the vector insect (Keremane ez al., 2015). The visual inspection of the trees by trained
personnel is one of the most frequently used ways of detecting trees with HLB symptoms
(Keremane et al., 2015); however, presently the most efficient method for the detection and
confirmation of HLB is based on molecular detections through the use of the Polymerase
Chain Reaction test in real-time (QPCR) (Hansen et al., 2008). However, both activities
require a high investment of economic resources. In this sense, remote sensing emerges as
a valuable and inexpensive tool for detecting different biological characteristics of the crops
since data from the crops can be compiled quickly and analyzed in real-time. Recently the
use of Sentinel-2 satellite images has proven to be efficient for the identification of damage
in crops provoked by different pathogens, such as the corn streak virus (Dhau ez al., 2019),
where it was found that the maize infected was highly separable from the healthy maize
and other classes of land-coverage with a general accuracy of 85.29%. Caasi et al. (2020)
evaluated the use of an economical method to detect damage from a bacterial blight on rice
leaves and found that the sensors of the Sentinel-2 satellites have the potential of detecting
and estimating the damages caused by the bacterial rice blight; likewise, Liu et al. (2020)
implemented a spectral index based on the infrared region to detect the blight caused by
Fusarium in wheat, and the general accuracy obtained was 78.6%. Therefore, once the
possible areas affected are detected, the producers can apply the necessary measurements
in those zones without the need to inspect the entire cultivated surface. Thus, this study
aimed to explore the potential use of Sentinel-2 satellite images to identify Persian lime
trees with HLB symptoms and differentiate them from healthy trees in the citrus zone of

Huimanguillo, Tabasco.

MATERIALS AND METHODS

The study area includes the citrus zone in the municipality of Huimanguillo, Tabasco
(Figure 1). It 1s located between the extreme geographic coordinates: 17.95° and 17.57°
latitude north, and —93.43° and —93.76° longitude west.
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Figure 1. Study area, citrus zone of Huimanguillo, Tabasco.

Field sampling and data obtaining

Field sampling was conducted in two Persian lime plantations (PL) of 25 and 17
hectares, respectively (identified as plantation 1 and 2), which had an official report of
cases of positive plants to CLas through the qPCR test, performed as part of the activities
of the phytosanitary program against regulated citrus pests by the Plant Health State
Committee (Comité Estatal de Sanidad Vegetal de Tabasco, CESVETAB). For the observation
of symptoms, sampling was directed at plants with positive detections for the verification
and georeferencing of each of the plants positive to CLas.

Image acquisition

Sentinel-2 satellite images, which have a resolution of 10 m, were obtained for free
from the USGS Global Visualization Viewer (GloVis) page, with the date March 26, 2020.
The images were downloaded as compressed Geoliff files, with UTM projection zone 15
and datum WGS84, and later they were integrated into a geographic information system
managed with Quantum GIS (QGIS) version 3.16. Based on the polygons from the citrus
plantations present in the zone, which are available in the CESVETAB database, the
delimitation of the citrus zone was carried out to cut the images and adjust them to the
study area. Later, for the following processes, the Semi-Automatic Classification Plugin
(SCP) complement was used, which is a plugin for QGIS that allows the semi-automatic
classification of remote sensing images (Congedo, 2020). The atmospheric correction was
done using the automatic algorithm of the complement and the union of the 13 bands
in a single virtual image to ease manipulating the information and maintain the most
significant amount of helpful information.

To carry out the classification, a combination of 4-3-2 bands with natural color was
used, with which the creation of samples or training sites was done, taking as reference
the previous knowledge from the zone, to discriminate PL trees with HLB from healthy

PL trees and the other coverages in the zone. Ior each type of coverage, 10 training areas
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were selected, and a supervised classification was made through the minimal distance
algorithm.

For the validation of the classification, field verification was made of the plantations
with possible HLB, healthy plants, plantations different from the training areas, and
the polygons of citrus plantations were used as support. For the verification of the
classification, r.kappa algorithm was used to calculate the kappa coefficient to evaluate
the accuracy of the classification result. Values >0.80 represent a strong agreement or
accuracy between the classification map and the terrain’s reference information; values
between 0.40 and 0.80 represent moderate agreement; and values <0.40 represent

scarce agreement (Jensen, 2015).

RESULTS AND DISCUSSION

Based on spectral signatures obtained from the satellite image through the supervised
classification, eleven classes were generated: PL plantations of less than five years and
six years or more with possible HLB; PL plantations of three years or less; PL of five,
eight, and fifteen years. These classes were created because, in the citrus zone, there are
plantations with patches of different ages due to sowing and re-sowing of replacement
seedlings. Likewise, or alternatively, there are plantations combined with other crops;
however, in the classification, plants of less than 5 years of age were grouped as PL1 with
HLB and plants of 6 years or more as PL2 with HLB; healthy PL of ages: less than 5
years, 5 to 10 years, and more than 10 years. The other classes of land coverage identified
included grasslands, secondary vegetation, bodies of water, bare soil, and urban areas
(Figure 2).

Similarly, the surface occupied by each of the classes was calculated: PL1 with HLB
of less than five years, 24.44 ha; PL2 with HLB older than six years, 2.52 ha; PL less
than five years, 6086.68 ha; PL of five to ten years, 4848.49 ha; PL older than ten years,
2045.95 ha. In total, the surface obtained was 26.96 hectares of PL affected by HLB and
a surface of 12 981 ha free of HLB, which in total integrated a surface of 13 008 ha,
indicating an incidence of HLB of 0.2%, which is considered a low incidence with regards
to the total of the surface cultivated in the zone. Regarding the plantations with official
positive detections, the incidence found through the classification is between 4.6 and 12%
in plantations 1 and 2, respectively.

Figure 3 shows the spectral signatures of the PL trees with HLB and the healthy trees.
It can be seen that in the regions of the green (560nm), red (665 nm), and near-infrared
band (VINIR) (705 nm), the spectral response of the sick trees is higher than those of the
healthy trees.

This result agrees with what was found by Mishra ¢z al. (2009), who studied the spectral
characteristics of the leaves infected with HLB in visible and near-infrared regions, they
found that the green (530-595 nm) and red (710-750 nm) bands in the visible region have
an excellent potential to discriminate HLB. Similarly, Mishra et al. (2011) used the visible
bands at 570 nm and 670 nm in a multispectral sensor in drones to detect the citrus
trees infected with HBL in field conditions and achieve accuracy higher than 95% in the

classification.
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Figure 2. Image classified from the citrus zone in Huimanguillo, Tabasco
Persian lime and with HLB are represented.
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Figure 3. Spectral signatures of trees with HLB in red and healthy trees in green.
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In the field validation, it was found that there are six plantations with HLB symptoms,
of which three already had detections through qPCR for HLB and which currently still
maintain production; however, the highest amount of plants affected were found in the
central and northwest part of the citrus-producing zone with an incidence of up to 12%
in one of the plantations visited, which is why it is imperative to emphasize that zone with
the purpose of limiting greater infection, taking into account that Yzquierdo-Alvarez et
al. (2021) reported that the space-time fluctuations of D. citri in such a zone presents high
populations, increasing the risk of dispersion towards neighboring plantations.

The sampled positive plantations detected presented plants with typical visual
symptoms caused by HLB (Flores-Sdnchez, 2015). These results indicate that it is possible
to differentiate the PL plants spectrally with HLB from healthy plants using Sentinel-2
satellite images since the canopy of the trees sick with HLP has higher reflectance in the
visible range than the canopy of the healthy trees (Sankaran ez al., 2013).

In the classification performed, there was an accuracy of 0.84% and Kappa coefficient
of 0.83, indicating a strong classification (Jensen, 2015). The accuracy found in this study
is higher than that reported by Li et al. (2015), where the differentiation of HLB was
conducted through satellite images, WorldView-2 to monitor HLB quickly in large citrus
plantations and to evaluate the capacity for HLB detection, and they obtained an accuracy
of 81% and Kappa coefficient of 0.464, a value lower than that found in our classification.
Likewise, Sankaran and Ehsani (2011) found that HLB was detected in citrus leaves with
a classification accuracy of the average sick class of approximately 75 to 84%, which
corroborates that using Sentinel-2 images can be a helpful tool for the timely detection of
plants with HLB symptoms in extensive areas.

Adopting the methodology resulting from this study optimizes the search for trees
with HLB symptoms by requiring a lower investment of personnel, time, and economic
resources in comparison to the conventional visual inspection, at the same time that this
increases the accuracy of detection, since in order to identify a tree infected with HLLB
through visual inspection the accuracy is between 47% and 59% (Futch et al., 2009).

It should be mentioned that in this study, the nutritional state of the trees was not
contemplated, nor the period of symptom observation time, the management to which the
plantations are subjected, the phenology of the crop, or the environmental factors, which is
why these factors could be of use in a future classification and possibly improve the results

found here.

CONCLUSIONS

The classification performed differentiates Persian lime trees with HLB from healthy
trees with an accuracy of 0.84%, which is why using Sentinel-2 satellite images can be used
as a useful tool for the timely detection of plants with HLB symptoms and to streamline

plant health intervention processes to minimize the regional dispersion of HLB.
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