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Abstract

The Hindustan citrus mite, Schizotetranychus hindustanicus Hirst (Acari:
Tetranychidae), is a quarantine pest present in the state of Roraima,
Brazil. This mite, which was described in India in 1924, was reported in
2002 in Venezuela and spread to Roraima, where it was reported in 2008,
and to Colombia, where it was reported in 2010. Its possible spread to
Edited by Pedro Takao Yamamoto — ESALQ/ other regions of Brazil is a threat to Brazilian citriculture. This study reports
usp the current distribution of S. hindustanicus and potential predators of this
pest and other mites associated with citrus in Roraima. A survey was
conducted in August and September 2015 in the 15 municipalities of the
state. In each municipality, orchards and citrus plants in backyards and
public areas along highways and in urban areas were sampled. Samples of
leaves and fruits were collected to identify the mite and its natural ene-
mies. Schizotetranychus hindustanicus was found in all 15 municipalities in
the state of Roraima. In total, 308 associated mites were found, with
S. hindustanicus being the most abundant phytophagous mite, followed
by Brevipalpus yothersi Baker. Amblyseius aerialis (Muma) was the most
abundant predator, followed by Iphiseiodes zuluagai Denmark and Muma
and Euseius concordis (Chant). The broad dispersal of S. hindustanicus in
Roraima increases the risks of this pest reaching the main citrus-producing
regions in Brazil.
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Introduction The characteristic sign of the incidence of S. hindustanicus

is the formation of whitish erinea of 1 to 3 mm in diameter,

The Hindustan citrus mite, Schizotetranychus hindustanicus
Hirst (Acari: Tetranychidae), was described from specimens
collected from citrus trees in India in 1924 (Hirst 1924). For
more than 80 years, this mite was known only from this
region, where it has never been reported as a pest. In
2002, this mite was reported in Venezuela (Quirés and
Geraud-Pouey 2002); in 2008, in Boa Vista, Roraima, Brazil
(Navia & Marsaro Jr 2010); and, in 2010, in northern
Colombia (Mesa-Cobo 2010). In 2010, it was also reported
in Iran (Sheikholeslam-Zadeh & Sadeghi-Nameghi 2010). In
all cases, the incidence was observed in citrus.
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forming webs on the leaves and fruits (Navia & Marsaro Jr
2010). The different developmental stages of the mite, which
discolor the plant tissue while feeding, are found under these
webs. The erinea initially appear along the ribs on the adaxial
surface of leaves and then spread to the entire adaxial and
abaxial leaf surfaces and to the surface of the fruits. The
attacked citrus leaves and fruits become silvery and hard-
ened (Quirds & Geraud-Poney 2002, Navia & Marsaro Jr
2010).

In Venezuela and Roraima, high infestations of
S. hindustanicus have been observed (Quirds & Geraud-
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Poney 2002, Navia & Marsaro Jr 2010), causing a reduction in
the commercial value of the fruit due to esthetic damage,
although a negative effect on fruit production cannot be
ruled out. In Venezuela, the mite has been reported infesting
Tahiti lemon, lime, tangerine, lemon, and sweet orange
(Quirds & Dorado 2005, Nienstaedt and Marcano 2009). In
Brazil, S. hindustanicus has been observed in Tahiti lemon,
Rangpur lime, Ponkan mandarin, Valencia orange, and
Murcott tangor (Navia & Marsaro Jr 2010). In India, the mite
also has been reported infesting coconut, acacia, neem, chi-
naberry, and sorghum (Cherian 1931; Gupta & Gupta 1994;
Migeon & Dorkeld 2018). Although infestations of
S. hindustanicus have only been observed in citrus in South
America (Ferragut et al 2013), in experiments conducted in
Roraima, the mite had developed in neem plants for some
generations after artificial infestation (Fantine 2011).

In Brazil, S. hindustanicus presently is considered a quar-
antine pest (A2), reported thus far only in the state of
Roraima. In a survey conducted in 2010, the mite was found
only in the municipalities of Boa Vista, Bonfim, and Canta
(Fantine 2011). The recommended legislative measures to
avoid the spread of this mite to other Brazilian states are
washing, brushing, and waxing of fruits destined for sale in
pest-free states, as well as a ban on the transit of seedlings
from infested areas (Mapa 2012). The dissemination of this
mite in Brazil could cause serious impacts to citriculture due
to damages, increase production costs with pest control, and
possibly impose phytosanitary barriers to the international
trade of fresh fruits.

Brazil is one of the world’s largest producers of citrus
and the largest exporter of orange juice. The annual
Brazilian production of citrus fruits reached 14 million
tons in 2017 (IBGE 2018). The export of orange juice in
that year was more than one million tons, corresponding
to US$1.8 billion (Citros-BR 2018). In addition, the export
of fresh lemons and oranges has increased, with that of
Tahiti lemon corresponding to more than 60,000 (Boteon
2007) and that of orange to more than 27,000 (Citrus-BR
2018) tons per year. The largest citrus production is con-
centrated in the southeastern region, with approximately
85% of the national production, with Sdo Paulo being the
largest producer (IBGE 2018). Therefore, phytosanitary
measures that prevent the introduction of this mite to
these areas are necessary.

Ecological information on S. hindustanicus is scarce, and
the true dispersal potential of this mite in Brazil is unknown.
Although Roraima is responsible for only approximately
0.05% of the national citrus production (IBGE 2018), citrus
cultivation has been expanding in recent years, and fruits
have been sold in Amazonas, increasing the risks of dissem-
ination. The objective of this study was to evaluate the dis-
tribution of S. hindustanicus in citrus in Roraima and to iden-
tify other mites associated with this species.
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Material and Methods

A survey was conducted between August and September
2015 in all the 15 municipalities of the state of Roraima:
Alto Alegre, Amajari, Boa Vista, Bonfim, Canta, Caracarai,
Caroebe, Iracema, Mucajai, Normandia, Pacaraima,
Roraindpolis, Sdo Jodo da Baliza, Sdo Luis, and Uiramuta.
The main citrus orchards in the main producing regions of
each municipality were inspected. The farms sampled were
indicated by the technicians of Secretary of Agriculture,
Livestock and Food Supply (SEAPA-RR) of each municipality.
The area of orchards ranged from 0.5 to 10 ha, of citrus
varieties. Citrus plants in backyards or public areas along
main highways and in urban areas were also sampled.

In each field, producers were shown photos of attacked
plants and asked about the presence of plants showing evi-
dence of S. hindustanicus. Ten plants, distributed across the
whole orchard in zig-zag sampling pattern, were inspected.
All plants indicated by the producers showing possible evi-
dence of mite attack were also sampled. The following data
were collected for each collection point: geographical coordi-
nates, planted area, number of plants, variety or varieties, age
of plants, and use of acaricides. Ten leaves and ten fruits were
collected from each plant, whether or not it had been attacked.

The collected leaves and fruits were placed in paper bags,
labeled, and then packed in plastic bags. Samples were
placed in a Styrofoam box, and at the end of the daily collec-
tions, they were sent to the Laboratory of Entomology of
Embrapa Roraima, where they were inspected under a ste-
reomicroscope (x 40 magnification). Those mites found were
mounted on microscope slides using Hoyer’s medium and
then were sent to the Acarology Laboratory of the Luiz de
Queiroz College of Agriculture, University of Sdo Paulo, for
species identification.

Results
Distribution of S. hindustanicus

Schizotetranychus hindustanicus was found in all the 15 mu-
nicipalities of the state of Roraima (Fig 1A), although it was
not found at all collection points (Table 1). In Amajari, the
mite was found in nine of the 11 sampled points at all points
along the RR-203 highway and in the urban area (Fig 1B). In
Pacaraima, the mite was found in 14 of the 30 sampled
points (Table 1). In this municipality, S. hindustanicus was
not found in the urban area (seat) but was found in Vila
S3do Marcos, on the margin of highway BR 174, and in the
villages of Surumu and Contdo (Fig 1B). In Uiramut3,
S. hindustanicus was found only at one out of 23 sampled
points, close to the border with Guyana. In Normandia, the
mite was also well dispersed, being found at 24 of the 29
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Fig1 Spatial distribution of Schizotetranychus hindustanicus in Roraima (A), municipalities of the northern (B), central (C), and southern (D) regions of

the state.

sampled points, including at the seat of the municipality and
along roads (Table 1 and Fig 1B). The northern region of
Roraima has no commercial citrus orchards, only small pro-
ducers who have fewer than 20 fruit trees and occasionally
sell the fruits in local markets.

In the central region of Roraima, S. hindustanicus was
dispersed among practically all the sampled points, in-
cluding in the seat of the municipalities, production areas,
and roads (Fig 1C). In the municipality of Alto Alegre, the
mite was found at 10 of the 13 points sampled, including
all points along highway RR-205 to the municipality and in
the urban area of the city. In Boa Vista, the mite was
found at all except two sampled points and was present
throughout the urban area and in the commercial
orchards of the Monte Cristo region. In Bonfim,
S. hindustanicus was found at all 15 sampled points, both
in the municipality seat and along the highway. In Canta
and Mucajai, the mite was present at 7 of the 15 points
sampled. In Iracema, the mite was found on the road near
the border with Mucajai and was not found at the munic-
ipality seat (Table 1 and Fig 1C).

In the south of the state, S. hindustanicus was widely
dispersed in Caracarai and was found in some citrus-
producing areas in the other municipalities (Fig 1D). In 2015,
the mite was possibly beginning to disperse into this region.
According to IBGE (2018), the highest citrus production in
Roraima is concentrated in the south of the state, especially
in the municipalities of Roraindpolis, Caracarai, and Caroebe
(Table 1). Boa Vista was the municipality where the highest
number of specimens of S. hindustanicus was found, fol-
lowed by Pacaraima, Normandia, and Bonfim (Table 2).

Mites associated with citrus in Roraima

A total of 3518 specimens were found, representing two
families of phytophagous mites (Tenuipalpidae and
Tetranychidae), six families of predominantly predatory
mites (Ascidae, Bdellidae, Blattisociidae, Cheyletidae,
Cunaxidae, and Phytoseiidae), and two families with other
feeding habits (Winterschmidtiidae and Oribatida) (Table 2).
Phytophagous mites included S. hindustanicus and
Brevipalpus yothersi Baker (Tenuipalpidae), the first being
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Table 1 Planted area and number of citrus establishments, number of points or orchards sampled, number of points where Schizotetranychus
hindustanicus (Hirst) (Prostigmata: Tetranychidae) was present, and citrus varieties sampled and attacked by the mite in the municipalities of Roraima,
Brazil.
Municipality Planted Number of Number of  Points where Varieties sampled Varieties attacked
area establishments* sampled Schizotetranychus by
(ha)* points hindustanicus was present S. hindustanicus
Alto Alegre 36 1 13 10 Pera orange, Key lime, tangerine, Ponkan  All sampled
mandarin
Amajari 12 21 1 9 Pera orange, lime, lemon, Tahiti lemon All except lime
Boa Vista 97 41 16 14 Citrus x sinensis, Pera orange, Valencia All sampled
orange, Key lime, Tahiti lemon,
tangerine
Bonfim 78 13 15 15 Pera orange, Key lime, Tahiti lemon, All sampled
Ponkan mandarin, tangerine
Canta 88 127 15 7 Citrus x sinensis, Pera orange, Key lime, All except
Tahiti lemon, tangerine tangerine
Caracarai 18 60 28 21 Citrus x sinensis, Pera orange, Valencia All sampled
orange, Key lime, Tahiti lemon,
tangerine
Caroebe 124 92 37 1 Citrus x sinensis, Pera orange, Valencia Only Pera orange
orange, lime, Key lime, Tahiti lemon,
Ponkan mandarin
Iracema 25 22 14 4 Citrus x sinensis, Pera orange, Valencia Pera orange and
orange, Key lime, Tahiti lemon, Ponkan Tahiti lemon
mandarin
Mucajai 61 76 15 7 Pera orange, Valencia orange, Key lime, Pera orange and
Tahiti lemon Key lime
Normandia o 2 29 24 Pera orange, Citrus aurantium, Key lime,  All sampled
Tahiti lemon, Ponkan mandarin,
tangerine
Pacaraima o0 2 30 14 Pera orange, lime, Key lime, Tahiti lemon, Pera orange, Key
Ponkan mandarin, tangerine lime and Tahiti
lemon
Roraindpolis 744 389 30 4 Bahia orange, Pera orange, Pera Pera orange
orange-rio, Tahiti lemon
S3o Jododa 27 28 14 1 Pera orange, Tahiti lemon, citron fruit Pera orange
Baliza
S&o Luiz 45 53 3 2 Pera orange Pera orange
Uiramut3 2 5 23 1 Pera orange, lime, Key lime, Tahiti lemon, Key lime
Ponkan mandarin, tangerine
Total 1459 942 292 133 - -

*Agricultural establishments with 50 plants or more, according to IBGE (2018)

more abundant (Table 2). Phytoseiidae was predatory family
most abundant, with fourteen observed species. Amblyseius
aerialis (Muma) was the most abundant species, followed by
Euseius concordis (Chant) and Iphiseiodes zuluagai Denmark
and Muma. The municipality where Phytoseiidae was more
abundant is Caroebe (Table 2).

Discussion
The results of this study show that S. hindustanicus has been
spreading in Roraima in recent years, increasing the risk of

this pest reaching the main citrus-producing regions in Brazil.
Although the current legislation allows fruits grown in
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Roraima to be traded in other states after being treated accord-
ing to current legislation (MAPA 2012), a risk exists for plants or
plant parts infested by S. hindustanicus being transported infor-
mally. Within the state, no phytosanitary measures exist to
prevent the dispersal of S. hindustanicus by human action.
Short-distance dispersal, caused by wind, may also occur.

In Venezuela, S. hindustanicus also has been spreading
over the years. After the first report in Zulia in the northwest
of the country, where the mite has been found since the late
1990s (Quirds & Geraud-Pouey 2002), the mite also was
reported in Sucre in the northeast, and in central areas, such
as Aragua (Nienstaedt & Marcano 2009, Ferragut 2013). In
Colombia, since its detection in the northern coast of the
country, in the state of La Guajira (Mesa-Cobo 2010), there
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Table 2 Mites associated with citrus collected in Roraima in August and September of 2016.
Taxon Total Municipality*
AA AM BV BO CT CC CR IR MU NO PA RO SJ SL UI
Phytophagous
Tenuipalpidae
Brevipalpus yothersi Baker A1 a4
Tetranychidae
Schizotetranychus hindustanicus (Hirst) 3,200 24 217 774 553 139 5 12 286 32 529 689 9 9 3 9
Predatory
Ascidae
Asca sp. 1 1
Bdellidae
Bdella sp. 2 1 1
Blattisociidae
Lasioseius sp. 1 1
Cheyletidae
Cheletogenes ornatus (Canestrini and Fanzano) 4 4
Cunaxidae 3
Phytoseiidae 98 o 6 5 1 15 38 2 5 12 5 3 2 0 1
Amblydromalus sp. 1 1
Amblyseius aerialis (Muma) 24 2 1 14 1 1 4 1
Amblyseius acalyphus Denmark and Muma 2 101
Amblyseius chiapensis De Leon 12 2 4 1 4 1
Amblyseius aff. fernandezi Chant and Baker 12 2 1 4 4 1
Amblyseius largoensis (Muma) 4 2 2
Amblyseius tamatavensis Blommers 3 1 1 1
Euseius alatus De Leon 1 1
Euseius citrifolius Denmark and Muma 2 2
Euseius concordis (Chant) 16 1 13 2
Galendromus (Galendromus) annectens (De Leon) 4 1 3
Iphiseiodes zuluagai Denmark and Muma 13 1 16 1 2 1 1
Proprioseiopsis neotropicus (Ehara) 3 1 1 1
Typhlodromus (Anthoseius) ornatus (Denmark and Muma) 1 1
Other feeding habits
Winterschmidtiidae
Czenspinskia transversostriata Oudemans 10 10
Oribatida 68 9 6 3 1 9 18 18 2 1 1
Total 3,518 25 232 786 562 140 21 59 307 37 601 710 13 12 3 10

*AA, Alto Alegre; AM, Amajari; BV, Boa Vista; BO, Bonfim; CT, Cantd; CC, Caracarai; CR, Caroebe; IR, Iracema; MU, Mucjai; NO, Normandia; PA,
Pacaraima; RO, Roraindpolis; SJ, Sdo Jodo de Baliza; SL, Sdo Luis; Ul, Uiramuta

were other reports of its occurrence in the Department of
Magdalena in 2011 in the northern region and in 2012 in the
southern region of the department (Arévalo et al 2012).
Since the mite’s description in 1924 (Hirst 1924), a few
studies on S. hindustanicus have been published on its pos-
sible center of origin (India), but more recently, this mite was
again reported in Podavur, India (Poorani 2018), 200 km east
of Coimbatore. In 2010, S. hindustanicus was also reported in
Iran (Sheikholeslam-Zadeh & Sadeghi-Nameghi 2010).

Possibly, this mite is present in other locations in these
regions but at low densities or misidentified as other species
of the same genus (Ferragut et al 2013).

Schizotetranychus hindustanicus was more abundant and
dispersed in the northern and central regions of Roraima,
where the biome Cerrado is predominant and drier than in
the south of the state (Amazon rainforest) (Barni et al 2015).
The population of this mite is negatively affected by rainfall
(Nienstaedt & Marcano 2009). The low density and
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distribution of this mite in the southern municipalities can be
related to the longer rainy seasons (7—11 months) and higher
annual average rainfall (2,000-2,300 mm) than in the
Cerrado (5-6 months of rainy season and 1100—
1400 mm year ') (Barni et al 2015; Barni et al 2016). In fact,
studies conducted in Caracarai (unpublished) indicate very
low densities of S. hindustanicus during the rainy season.

Few studies have been conducted on the predators asso-
ciated with S. hindustanicus. Marsaro Jr et al (2012) observed
the predators E. concordis and I. zuluagai and Galendromus
annectens (De Leon) (Phytoseiidae) in a Tahiti lemon planta-
tion attacked by S. hindustanicus in Boa Vista, Roraima, with
E. concordis being the most abundant predator. In India,
Stethorus (Allostethorus) forficatus Poorani and Stethorus
tetranychi Kapur (Coleoptera: Coccinellidae) spider mites
were reported as efficient predators in the control of
S. hindustanicus (Poorani 2018). In their classification of phy-
toseiid lifestyles, McMurtry et al (2013) classified those mites
that specialize in attacking the tetranychids that produce a
nest-like web as “predators of subtype Ib,” specifically men-
tioning the phytoseiid Typhlodromus (Anthoseius) bambusae
(Ehara) as an efficient control agent of Schizotetranychus
celarius (Banks) in China. A single specimen of this genus
was found in the present study: Typhlodromus (Anthoseius)
ornatus (Denmark and Muma).

Amblyseius aerialis has been reported in the Amazon re-
gion in association with Citrus sp. in the states of Amapa
(Mineiro et al 2009) and Amazonas (Bobot et al 2011;
Ferreira et al 2018). This predator has also been found on
other plants in the Amazon, such as Hevea spp. in the states
of Acre, Amazonas, and Ronddnia (Nuvoloni et al 2015);
Cocos nucifera in Amazonas (Cruz et al 2015), Para (Lawson-
Balagbo et al 2008), and Roraima (Gondim Jr et al 2012); and
in several other plants (Demite et al 2018). In Amazonas,
A. aerialis was reported as the most abundant predator with
potential for control of the leprosy mite, B. yothersi (Ferreira
et al 2018). This phytoseiid, with E. concordis and I. zuluagai,
may also be potential candidates for the biological control of
S. hindustanicus, and complementary studies should be con-
ducted to assess its predatory impact on this pest.
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