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ABSTRACT

Bastianel M.; Freitas-Astda J.; Kitajima E.W.; Machado M. A. The citrus leprosis pathosystem. Summa Phytopathologica, v.32, n.3, p.211-

220, 2006.

Citrus leprosis is considered the main viral disease for the Brazilian
citrus production, particularly for the State of Sdo Paulo, due to the
high costs spent for the chemical control of its vector, the tenuipalpid
mite Brevipalpus phoenicis. In addition, its global importance has
significantly increased in the last years, with the dissemination of the
virus to new countries in South and Central America. In Brazil, despite
its economical importance and occurrence for more than seven decades,

the most significant advances towards understanding the pathosystem
interactions have been obtained only in the last ten years. This review
focuses on various aspects of the disease, beginning with a historical
view, its main characteristics, alternatives for its control, its increasing
economical importance in Brazil and abroad, and the new data on the
search for understanding the interactions amongst the mite vector, the
virus, and the plant host.
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RESUMO

Bastianel M.; Freitas-Astda J.; Kitajima E.W.; Machado M. A. O patossistema leprose dos citros. Summa Phytopathologica, v.32, n.3, p.211-

220, 2006.

A leprose dos citros é considerada a principal virose na
citricultura brasileira, com maior destaque no Estado de Sao
Paulo, principalmente pelos altos custos demandados para o
controle quimico do vetor, o dcaro Brevipalpus phoenicis. Além
da relevancia dessa virose para a citricultura local, sua
importancia mundial vem sendo ampliada consideravelmente
nos tltimos anos, principalmente com a disseminac¢do do virus
em novos paises da América do Sul e Central. No Brasil, apesar
da sua importdncia econdmica e ocorréncia por mais de sete

décadas, os mais importantes avancos no entendimento das
interagdes do patossistema leprose tém sido obtidos apenas nos
altimos dez anos. Essa revisdo aborda os diferentes aspectos dessa
doenca, trazendo um breve histérico da doenca, principais
caracteristicas da leprose, alternativas de controle, sua crescente
importincia econdmica na cadeia citricola nacional, os mais recentes
relatos de sua ocorréncia em outros paises e os novos resultados
obtidos pela pesquisa buscando um melhor entendimento das
interagdes entre dcaro, virus e hospedeiro vegetal.

Palavras-chave adicionais: leprose, citros, CiLV-C, CiLV-N, Brevipalpus spp.
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HISTORY

Citrus leprosis, initially named scaly bark, because of the
symptoms it induces in stems, was first described in Florida
(USA) in 1901 (27). However, despite this report, the disease
has not been found in USA for decades and the disappearance
might be related to the recurrence of freezes and use of sulfur
(21). In South America, leprosis was first identified in Paraguay
by Spegazzini (85), who named it “lepra explosiva”. In a short
period of time, the disease was also observed in Argentina and,
in 1931, it was reported in Sorocaba, SP, Brazil, in ‘Bahia” sweet
orange (Citrus sinensis L. Osbeck) leaves (6, 7).

Since there was no description of the leprosis symptoms in
citrus leaves, which was rare in Florida and common in Brazil, it
was not possible to immediately associate the symptoms
observed in the country with those previously reported, and
hence, the disease was named “variola”. Only two years after
that, it was concluded that those leaf symptoms corresponded
to the same disease that occurred in Florida, known as leprosis
(7). OId reports mention the presence of leprosis in the Asian
and African continents (7, 29), but there are no recent
confirmations (60).

Currently, the disease is restricted to the South and Central
Americas (76). It was recently confirmed in Costa Rica (2),
Panama (25), Guatemala (58), Bolivia (41), and Colombia (52).
The recent confirmation of the presence of the virus in Central
American countries has been a reason for concern for the United
States citrus industry (20).

Even though leprosis is particularly important in the State
of Sao Paulo, where it is widely present wherever citrus are
grown (83), the disease has been observed in other Brazilian
States, such as Acre, Bahia, Minas Gerais, Parand, Rio de Janeiro,
Rio Grande do Sul, Santa Catarina, Tocantins, and Distrito
Federal (7, 10, 24, 33, 34, 54). Apparently it does not occur in
some important citrus production areas of the country, such as
the State of Sergipe.

ECONOMICAL IMPORTANCE

The mite Brevipalpus phoenicis Geijskes occurs wherever
citrus is cultivated, but only where the virus is present it is
considered a key pest for the crop and is constantly controlled
with chemicals (73, 77, 84).

According to Rodrigues & Machado (77), acaricides in
Brazilian citrus orchards are used mainly to control the leprosis
mite and the rust mite, Phyllocoptruta oleivora Ashmead. Of
the US$ 90 million plus spent annually in acaricides in Brazil,
around US$ 75 million have been used for the control of the
leprosis vector.

Approximately 80% of the citrus planted in Sdo Paulo
State are sweet orange varieties, highly susceptible to the
virus. According to Salva & Massari (83), in 1995 more than
60% of the State citrus orchards had plants with leprosis
symptoms, which explains why the chemical control of the
vector is widely applied.

However, the large-scale utilization of chemicals, besides
problems of inducing the appearance of resistant populations
of mites, generates ecological and economic concerns. Because
of that, there is an increase search for alternatives to control
leprosis; among them, the commercial use of different types of
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biological control agents that will be later discussed and the
use of varietal resistance observed in some citrus genotypes or
obtained through genetic breeding.

CAUSAL AGENT: CITRUS LEPROSIS VIRUS (CiLV)

The etiology of citrus leprosis was controversial for several
decades. In early works on the “scaly bark”, disease fungal
etiology (Hormodendron sp.; Cladosporium herbarium var.
citri) was considered (27, 28), a view shared by Spegazzini (85).
Later, the disease was associated with the presence of
tenuipalpid mites (38, 61, 87) and it was suggested that the
symptoms were a response to the injection of toxins present in
the mite salivary glands or to a pathogen, possibly a virus
transmitted by the mite (38, 49, 87).

During the decades of 1930 and 1940, Bitancourt pointed
out similarities between leprosis and other citrus viral diseases,
such as psorosis, South African concentric ring-blotch, and
zonate chlorosis, and suggested that leprosis could also be
caused by a virus (7). However, only after the observation of
virions in symptomatic tissue by transmission electron
microscopy (TEM) (46) and the expansion of leprosis lesion of
stem bark to healthy tissue of recipient citrus stem through
patch grafting (12, 49) and the transmission of leprosis to
alternative hosts through mechanical inoculation (22), the viral
etiology of the disease was confirmed.

Kitajima et al. (46) were the first to describe leprosis virions
in citrus leaves. The particles resembled those of rhabdoviruses,
but shorter, occurring in the nucleus or cytoplasm, and were
associated with the presence of a viroplasm in the nucleus of
the cells (Fig. 1). The cytopathic effects were similar to those
observed in plants infected with orchid fleck virus (OFV) (26).
After that initial report, however, TEM analyses of samples
symptomatic for leprosis revealed the presence of short,
bacilliform particles in the endoplasmic reticulum and dense
viroplasm in the cytoplasm (Fig. 2), rather than in the nucleus,
of infected cells (22, 48). This virus, referred to as the cytoplasmic

Fig. 1. Transmission electron micrograph of CiLV-N-infected cells
exhibiting intranuclear viroplasm and virions. Virions are also present
in the cytoplasm associated with the endoplasmic reticulum.
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Fig. 2. Transmission electron micrographs of CiLV-C-infected cells
exhibiting A) cytoplasmic viroplasm and B) virions in the lumen of
the endoplasmic reticulum.
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type (CiLV-C), has shown to be prevalent in citrus orchards,
while the nuclear type (CiLV-N), described in 1972, is of rare
occurrence (76). In the last years, CiLV-N was found only in one
region of Panama (25), and in few places of Sao Paulo and Rio
Grande do Sul States, in Brazil (34, 45).

CiLV-C has been successfully transmitted mechanically,
though with some difficulty, from sweet orange to sweet orange
and to some herbaceous host (22). Recently evidences showed
that some weeds and plants used as living fence around
orchards may host not only the vector, but CiLV-C (56, 64).
Concerning CiLV-N, it was transmitted from sweet orange to
sweet orange by B. phoenicis, but so far mechanical
transmission attempts have been unsuccessful (45).

Because of its morphology, and its presence either in the
cytoplasm or in the nucleus of infected cells, CiLV has been
considered a tentative member of the Rhabdoviridae family.
However, in 2003, the first CiLV-C genomic sequences obtained
suggested that it has a sSRNA positive sense, bipartite genome
(instead of negative sense, monopartite genome, as typical
rhabdoviruses). In addition, the putative replicase and
movement protein gene sequences showed similarity with those
of rigid rod viruses, such as furoviruses, tobamoviruses,
hordeiviruses etc. rather than with rhabdoviruses (54). Recently,
that data was confirmed by the sequencing of the complete
genome of CiLV-C by two groups (55, 69). In fact, a new genus
(cilevirus) has been suggested for this virus (55).

The molecular characterization of CiLV-C was possible
through the extraction of dSRNA molecules from citrus leaves
symptomatic for leprosis. Colariccio et al. (23) and Rodrigues
(72) were the first to show the presence of dSRNA molecules in
leprotic tissue, while Locali et al. (54) demonstrated the viral
nature of such molecules, and used them to build CiLV-C cDNA
libraries. With the partial sequencing of the CiLV-C genome,
two pairs of primers that specifically amplify regions within the
putative replicase (Rep) and movement protein (MP) genes of
the virus were designed and have been used for the detection
of CiLV-C by RT-PCR (54).

For years, the only methods used for the diagnosis of the
disease were symptom analyses (leprosis is quite easily
recognized by the typical local lesions in leaves, stems, and
fruits), mite and mechanical transmission or TEM analyses of
infected tissue (22, 46, 76). However, all of these methods present
one or more of the following disadvantages: unspecificity,
unreliability, high cost, and long time needed for the results to
be available (53). Recently, Locali et al. (54) developed the first
specific, molecular-based method for the diagnosis of the
disease through RT-PCR, which allows fast and efficient
detection of the virus in all citrus aerial tissues. This technique
has been particularly important for the detection of CiLV-C from
samples originated from areas in Brazil and abroad where the
disease is rare or of new occurrence and hence, the symptoms
are not promptly identified by the growers (33, 35, 41). The
molecular test has been used to confirm the presence of the
virus in the vector (35, 36) and to study genetic resistance and
tolerance of citrus genotypes, since it is possible to detect the
virus in asymptomatic plants (4).

Primers that efficiently amplify regions of CiLV-C (53) failed
to do so in extracts from lesions of CiLV-N, thus providing more
evidence that they are different entities (36). As a working
hypothesis, CiLV-N may probably be included in the group of

213



orchid fleck virus (OFV), whose genome has been sequenced
(50) and is different from that of CiLV-C (55; 67).

Distribution of CiLV-C is overwhelmingly larger than that of
CiLV-N. So far nuclear type has been found in places with colder
climate. In spite of being spread by the same vector, cytoplasmic
type might be more adapted and overcome the nuclear one,
which found a safe heaven in places where CiLV-C has difficulties
to prosper.

THE MITE VECTOR: Brevipalpus phoenicis Geijskes, 1939
(Acari: Tenuipalpidae)

False spider mites or flat mites, belonging to the genus
Brevipalpus (B. phoenicis, B. californicus Banks, and B.
obovatus Donnadieu) are considered the most economically
important within the Tenuipalpidae family (20). However, even
though they can cause injuries to citrus leaves and fruits, as
well as other plants due to the action of toxins present in their
saliva (19), their importance is heavily associated to their ability
to transmit plant viruses (14, 37, 44, 47, 50). The three species
within this genus reported as CiLV vectors are polyphagous
and cosmopolitan, even though, in most countries, they are not
known to vector any pathogen (20).

Maia & Oliveira (56) identified host plants that are potential
reservoirs for B. phoenicis (Fig. 3) populations in citrus fields
in Brazil. They include windbreakers such as Mimosa
caesalpiniaefolia Benth and Malvaviscus arboreus Cavanillas
and weeds such as Bidens pilosa L. In a recent review, Childers
etal. (20) reported 928 species, belonging to 513 genera and 139
families, of host plants to one or more species of Brevipalpus.
B. phoenicis was found colonizing 486 plant species from 118
genera and 64 families.

Brazil, B. phoenicis has been associated with leprosis since
the beginning of the 1960s (61), while B. californicus and B.
obovatus were considered the vector of the pathogen in the
United States and Argentina, respectively (49, 87). Recently,
Rodrigues et al. (79) reported that at least one population of B.
obovatus did not transmit a Brazilian isolate of CiLLV, but other
populations of the mite should be tested in order to confirm
such results.

Brevipalpus sp. is also associated with the persistent
transmission of other economically important rhabdo-like

Fig. 3. Scanning electron micrograph of Brevipalpus phoenicis.
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viruses that induce local symptoms that resemble those of
leprosis. The specie B. phoenicis is known as a vector of the
coffee ringspot virus (CoRSV) (14) and the passionfruit green
spot virus (PFGSV) (47), besides other less important diseases
of ornamental plants (44, 75). B. californicus has been reported
as the vector of orchid fleck virus (OFV) in Japan and Brazil (31,
50), and B. obovatus was recently reported in Brazil transmitting
cestrum ringspot virus (CesRSV) (37), Solanum violaefolium
ringspot (SVRSV) and chlorotic spot (SvCSV) viruses (30).

The biology of B. phoenicis was widely studied by
Chiavegato (15, 16). This mite presents the egg, larvae,
protonymph, deutonymph, and adult stages during its
biological cycle (51). In between each developmental stage,
there is a latent, but physiologically active, phase. Each phase
is extremely variable and relates to environmental conditions,
mainly temperature and humidity, and to the host species
and variety (18, 86).

‘When reared under optimal environmental conditions (25°C
and 65 to 70% relative humidity), the complete mite life cycle
lasts around 25 days. Each female lays one to four eggs a day
for approximately 20 days, yielding several generations per year
(42). When Brevipalpus mites colonize fruits, particularly those
infected by scab lesions, their development is better than when
reared on leaves (17). Hence, the longer the mites remain on the
fruits, the better the conditions for their population to increase.
Because of that, one important aspect of the management of
the disease in the field is the recommendation of anticipated
harvest (65).

According to Chiavegato (16), all active phases of the mites,
with exception to the eggs, are equally able to transmit citrus
leprosis. The author suggests that differences in transmission
efficiency observed in different phases of the development occur
due to differences in opportunities to acquire the virus. However,
these results differ from those obtained by Chagas et al. (13),
who suggested that the larvae are more efficient to transmit the
virus than the adults.

It is accepted, however, that there is no transovarial
transmission of CiLV from the adult female to its descendents
(9). Hence, each newly hatched larvae needs to feed on infected
plant tissues in order to acquire the virus to further transmit it.
This increases the importance of the source of inoculum in
orchards for disease dissemination (72). On the other hand,
since the virus is circulative/propagative (it multiplies in the
vector), once infected, the mite remains viruliferous — and able
to transmit the virus - for its whole life (9).

Brevipalpus mites are haploid organisms and have two non-
homologous chromosomes (70). They reproduce through
theletokous parthenogenesis (females originate females without
fertilization), which yield clonal populations in the field (43, 88).
It was recently demonstrated that the presence of an
endosymbiont bacterium blocks the formation of the androgenic
gland of the mite, blocking the production of androgen hormone
during the first stages of the development of the individual
(88). As a consequence, very low number of males, commonly
less than 1%, is found in the population (19, 43). The presence
of this endosymbiont was confirmed by polymerase-chain
reaction (PCR) in eggs and adults of B. phoenicis and B.
obovatus mite populations from various regions of Brazil,
suggesting its horizontal and vertical transmission within the
genus (62, 63).
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Even though asexual reproduction yields low variability
within a particular population of B. phoenicis, genetic diversity
has been observed amongst populations from citrus and other
hosts, and amongst populations from the same host, but from
different geographical regions (1, 74).

MITE POPULATION DYNAMICS

Recent studies suggest that B. phoenicis do not efficiently
move in citrus orchards, probably due to their flat anatomy
and their typical behavior to hide in cracks and other
protected areas on the plant surface, such as scab lesions
(1, 15). However, even though the flat mite dispersal is low
within an orchard, the number of mites that eventually
disperse can be enough to form new and significant foci of
infestation in a long period of time (1).

The vector is present in all aerial organs of the plant.
However, there are differences in the population dynamics of
mites in stems, leaves, and fruits (64, 72). Leaves are considered
the main reservoir of mites, probably due to their persistence in
the plant and their large surface areas (72) even though higher
number of mites is found in fruits (65).

During the rainy season, when relative humidity is higher
(October to March in the Southeast Brazil), the number of mites
tends to drop. From April to September (dry season), the mite
population reaches its peak (66). Besides the environmental
conditions, the presence of predators and pathogens of the
vector and the management of the orchard (use of fertilizers
and chemicals such as pesticides etc.) can also affect the mite
population fluctuation on the flat mite in citrus orchards (1, 66).

Studies on the spatial patterns of the B. phoenicis and citrus
attacked by leprosis in the citrus orchards revealed that there
are aggregations of infected plants but this pattern does not
overlap with the aggregation of mite infested plants (3). This
observation has implications in the chemical control procedures.
Presently acaricide spraying to prevent leprosis is made
according to thresholds in mite population, which would be
justifiable only if the presence of the disease is confirmed.

SYMPTOMS

Viruses transmitted by Brevipalpus mites induce the
appearance of chlorotic or necrotic local lesions on their plant
hosts at the mites feeding area (22, 45, 76). Kitajima et al. (46)
reported the occurrence of virus-like particles in leaf tissues
symptomatic for leprosis, but did not find such particles in
surrounding, asymptomatic areas. This indicates that the virus
does not spread systemically in the host, which was
corroborated by Freitas-Astua et al. (unpublished data) using
RT-PCR. Hence, plant disease dispersion occurs through
viruliferous mites’ movement within the orchard, and is a
consequence of its feeding habit (76).

Bitancourt, in a pioneer study on leprosis in Brazil, describes
in details the symptoms associated with the disease in various
citrus varieties (7). These descriptions have been used to date
for the identification of the disease even in different varieties
and locations. Recent surveys conducted by our group,
focusing on symptom variability of citrus genotypes infected
with leprosis, have corroborated Bitancourt’s initial descriptions.

Leprosis can cause symptoms in citrus leaves, stems, and
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fruits and, even though they may vary according to the host
species, the stage of the development of the plant, and the
pathogen isolates (81), the symptoms exhibit a common pattern
(Fig. 4). In leaves, lesions are often shallow, visible on both
sides, but extremely variable, even within sweet oranges (Citrus
sinensis Osbeck), but mainly amongst citrus species and
varieties. Typical lesions are chlorotic or necrotic, varying in
color from light yellow to dark brown, and are often circular
with diameter ranging from 5 to 12 mm. Sometimes, it is possible
to observe a darker central point in older lesions and ringspots
may also occur. Particularly when manifested under high
temperature, the center of the necrotic leaf tissue may tear apart.
Leaves can fall in large numbers.

In young stems, symptoms often appear as small, chlorotic,
shallow lesions that become darker brown or reddish and salient.
Older lesions may coalesce and appear very large in old stems.
The older the lesions, the corkier and more salient they normally
are. In such case, lesions can be confused with those caused
by citrus canker and psorosis (7, 81).

It is quite frequent to observe up to 30 lesions per fruit,
covering significant portion of the peel. These lesions are often
dark and depressed, although they only affect the external part
of the fruit and not the albedo (81). These symptoms, associated
with intense fruit drop that is often observed, can lead to
significant commercial losses. Although less common, in some
cases lesions can be light yellow to light green, with flat
appearance. Symptomatic fruits tend to change color earlier,
wilt, and become more susceptible to various rots than healthy
oranges (7, 81).

A critical comparison of symptoms caused by CiLV-C and
CiLV-N has shown that the lesions caused by the nuclear type
(Fig. 5) are usually smaller when mature than those caused by
the cytoplasmic type, with a small necrotic center and a more
chlorotic halo, without forming ring-like pattern as is commonly
observed in the cytoplasmic type (45).

Light microscopy revealed that pronounced hyperplasia and
hypertrophy occur in palisade and spongy parenchyma in the
lesions caused by CiLV-C in the leaves, stem and fruits,
interspersed by a group of necrotic cells where gum
accumulation may occur. Hyperplasia, in the form of periclinal
divisions of the palisade parenchyma, produces masses of cells
that causes enlargement of the leaf thickness (57). Similar
changes also are present in the lesions caused by CiLV-N but to
a lesser degree (40). A preliminary study of the distribution of
cytopathic effects in the leaf lesions caused by CiLV-C showed
that while in young lesions, hyperplasia and hypertrophy were
absent and most of the cells contained viroplasm and/or viral
particles, in mature lesions hyperplasia and hypertrophy were
widely present but cells containing viroplasm and/or virions
represented less than 1% of the total examined (39). The
efficiency in extracting viral material for molecular purposes
from young rather than mature lesions agrees with this
observation. Usually vascular tissues did not contain
viroplasm and/or virions, but occasionally they were
infected, including phloem parenchymal cells. Thus it is not
impossible that infective material may reach the phloem
vessels. If this occurs, a possible explanation to the fact that
the virus does not become systemic is that this infectious
material either are degraded in the vessel or cannot get out
from the vessel to the companion cell.
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Fig. 4. Typical local lesion symptoms of leprosis (cytoplasmic type)
in (A) leaves and fruits of sweet orange (Citrus ssp) (B).

b

Fig. 5. Typical local lesion symptoms caused by CiLV-N in leaves
(A) and fruits of sweet orange (C. sinensis) (B).

216

GENETIC RESISTANCE

Plants belonging to the genus Citrus are the only known
natural hosts of CiLV (76), although mechanical transmission is
possible to be performed under laboratory conditions, to
Chenopodium amaranticolor Coste & Reyn., C. quinoa Willd.
and Glomphrena globosa L. (22). Within citrus, sweet oranges
are considered the most susceptible to the virus, with ‘Péra’
variety, one of the most planted in Sao Paulo State, being widely
affected by the disease (7, 78). Even though there are differences
in susceptibility amongst sweet oranges (72, 78, 80), none of
the commercial varieties are resistant to leprosis.

Lemons [Citrus limon (L.) Osbeck], limes [C. aurantifolia
(Christmann) Swingle], mandarins (C. reticulata Blanco),
grapefruit [C. paradisi (McFad.) Hooker] and some tangors
(hybrids between sweet oranges and mandarins) exhibit variable
levels of resistance to the virus (5, 7, 18). Lemons and limes are
considered immunes to leprosis, while some mandarin varieties
often exhibit symptoms of the disease (24, 54, 84). It has been
reported that the main tangor variety produced in Brazil,
‘Murcott”, can host CiLV even when asymptomatic (4, 8).

Differential behavior towards leprosis amongst citrus
varieties, even among the susceptible ones, has been reported
by several authors (72, 78, 80, 86) and may be a reaction either
to the virus or the vector (8).

Few studies have been carried out to date with the objective
to assess citrus resistance to CiLV. Among those, the large
majority reports the behavior of different varieties in the field
under natural conditions of infestation, and only few of them
compare levels of severity. Assessment of phenotypic
segregation of the disease in a F, population obtained from
crosses between Péra” sweet orange and “Murcott’ tangor,
susceptible and resistant to the pathogen, respectively, is being
carried out at the Centro APTA Citros SM/IAC, and the
preliminary data suggests that few genes are involved in leprosis
resistance (5).

The molecular advances with the recent decoding of the
CiLV-C genome will soon result in transgenic plants expressing
viral genes, some of them resistant to the virus. We can speculate
that the use of these transgenic CiLV-C resistant plants may
result in the suspension of the intensive spraying to control
the vector, a significant reduction in production cost. But this
may permit the spread of CiLV-N against which these plants
may not be resistant.

CONTROL OF CITRUS LEPROSIS

The presence of B. phoenicis and leprosis source of
inoculum in citrus orchards in S3o Paulo State throughout the
year (83) demand rigorous control of the mite populations, which
is often done by the use of chemicals (84). According to
Rodrigues et al. (76), when virus inoculum is present in the field
and the vector is not controlled, the whole orchard can be
infected in short (two to three years) periods of time, and
represent a high risk for the citrus production. Because of that,
most of the studies on leprosis focus on the chemical control of
the mite vector in the field, as well as its ability to develop
resistance to acaricides (1, 67, 68).

Organoestanic acaricides are the main chemical products
used for the control of B. phoenicis in Brazil (1) and, because of

Summa Phytopathol., Botucatu, v. 32, n. 3, p. 211-220, 2006



that; several reports of resistance to them have been reported
(1, 11, 68). According to Alves (1), low dispersion of susceptible
mites from non-treated areas or from alternative hosts can be an
important factor for the management of acaricides resistance.
On the other hand, with the increase of resistance, there is a
tendency of the growers to increase the rate of the product, the
number of applications, use mixtures of products (often
incorrectly), and replace one acaricide by another with often of
higher toxicity and cost (1, 32).

Predaceous mites are considered the most efficient natural
enemies of phytophagous mites, particularly those belonging
to the Phytoseiidae family, the most frequently found in citrus
in Brazil (72). Studies on acaricides that selectively kill
phytophagous mites have been done with promising results
(71). Other alternative strategies attempted include the use of
biofertilizers (58) and entomopathogenic fungi (82). Preservation
of entomopathogenic fungi and predaceous mites in citrus
orchards has been a concern of the modern citrus producers
and aims to reduce the use of acaricides and, consequently,
minimize costs and the negative effects on the environment
that their use represent (71, 82).

Cultural practices such as pruning, use of windbreaker,
control of weeds that may be reservoirs for the vector (and
possibly for the virus), and control of entry of people and tools
in orchards are recommended to diminish source of inoculum
and hence, the incidence and severity of the disease (83, 77).
The control of the false spider mite in foci has also been used as
a feasible strategy for leprosis control, since it can reduce
selection pressure for the constant use of the same chemical
product and allow that susceptible individuals from other areas
within the same orchard survive and dilute the product
resistance frequency. In addition, this is a cheaper, and normally
efficient, way to control the vector (1).
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