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Abstract | Mites are widely distributed throughout the world, and some species are important
pests of fruit crops, field crops, vegetables, and weeds. In the present study, extensive sampling
was done to assess mites’ biodiversity in different citrus orchards of Kinnow, Musambi, and
Feutrell’s early at tehsil Sahiwal Sargodha, Sillanwali, and Bhalwal of district Sargodha.
Sampling was done at fifteen days interval to record the population dynamics and identification
of citrus mites during 2018. A total 37,963 mites specimens were collected in which nine
species were identified from four families Cunaxa sp. (Cunaxidae); Amblyseious andersoni Chant,
Euseius sp., Neoseiulus sp. (Phytoseiidae); Brevipalpus californicus Banks, B. phoenicis (Geijskes)
(Tenuipalpidae), and Eutetranychus orientalis Klein, Panonychus citri (McGregor), Tetranychus
urticae Koch (Tetranychidae). Brevipalpus sp., T. urticae and B. californicus were the dominant
species. While Neoseiulus sp. and E. orientalis were less abundant species. Maximum numbers
of mite specimens (12056 numbers) were collected from tehsil Sargodha, while minimum
specimens (6499 numbers) were recorded from tehsil Sahiwal. The results are discussed
concerning the abundance of mites that are the major citrus pests and dominant predacious

and data collection.
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mite species as candidates for biological control of various arthropods in Sargodha citrus.

Novelty Statement | To the best of our knowledge, no comprehensive study has been con-
ducted before on mite diversity in Sargodha. The study would help run proper management
practices to control the losses caused by mites.
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of Sargodha, Pakistan. Punjab Univ. J. Zool., 36(1): 37-46. https://dx.doi.org/10.17582/journal.pujz/2021.36.1.37.46

Introduction

Citrus is one of the most produced fruit crop globally,
and Pakistan ranked the sixth position in the world’s
citrus production. Pakistan’s citrus production is mostly
concentrated in the Sargodha district of Punjab State.
Kinnow mandarins are the largest exportable commodity
among all citrus cultivars contributing about 95% of

Pakistan’s export (GOP, 2018).

Corresponding author: Muhammad Irfan Ullah
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Citrus orchards are attacked by several pests,
including mites (Acari). Mites are responsible for causing
yield reduction in citrus and lessen the quality of the fruit
by forming blemishes, and ultimately, the export of citrus
fruit decreases (da Encarnagio Bobot e a/., 2011). The
phytophagous mites reduce citrus production by forming
injuries substantially, especially when the environmental
conditions become favorable (Dhooria and Butani, 2005).
Seven thousand phytophagous mites species are well
known worldwide, which fall under five important families;
Tetranychidae, Tenuipalpidae, Tarsonemidae, Eriophyidae,
Tuckerillidae (Childers ez al., 2007). Tenuipalpidae is an

essential family of mites, mostly referred to as the false
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spider mites or flat mites. Tropical and subtropical climates
are mostly suited for these mites (Gerson, 2008). Spider
mites are considered most important among this group
due to their severe pest status and significant involvement
in the spread of plant viruses serving as vectors of diseases
(Chagas ez al., 2003; Kitajima ez al., 2003a, b; Kondo e#
al., 2003; Rodrigues ez al.,2003). Another critical group of
mites is the Tetranychids, and the members of this species
suck the sap from the upper surface of leaves, which results
in chlorosis and low growth of the plant. The damage by
a two-spotted spider mite, Tetranychus urticae Koch, 1836
happens by developing the web and numerous colonies
on the lower leaf surface (Aucejo ef al., 2003; Martinez-
Ferrer ez al., 2006). Citrus rust mite, Phyllocoptruta oleivora
(Ashmead, 1879) (Acari: Eriophyidae) is also an important
pest of citrus crop globally. Excessive fruit damage by
the feeding of rust mite results in severe russeting of the
outer skin of fruits, which results in reduced quality and
decreased yield of the crop (Qureshi ez a/., 2020).

Mite population can be significantly synchronized by
the environmental conditions, especially the temperature
and rainfall. Low rainfall and high temperature encourage
mite production (Choudhury ez al., 2006). Other than
climatic conditions, crop management could also affect
the diversity of mite species. For example, pesticides may
negatively affect mites’ diversity (Meyer ez al., 2009).
Damage and yield losses by mites can be predicted based
on their regular scouting to develop efficient control
strategies (Qureshi ez a/, 2020). The density of mites
depends significantly upon the infestation, season, and
available hosts’ nature (Di Sabatinol ez a/., 2010).

In Pakistan, citrus growers are unaware of these
minute creatures, and limited research is available on the
biodiversity of mite species in citrus orchards of Pakistan.
There is a dire need to identify mite species associated
with citrus cultivars so that proper management practices
can be developed to control the losses and to improve the
quality and quantity of citrus fruits. So, the main objective
of this study was to evaluate the diversity of mite species
in different citrus cultivars from four tehsils of district
Sargodha, Pakistan.

Materials and Methods

Citrus orchards

The research work was conducted in four tehsils
(Sargodha, Sahiwal, Bhalwal, and Sillanwali) of district
Sargodha (Figure 1). The survey was conducted during
March-December 2018 for the collection and identification
of mites. From each location, one orchard of about 1 acre
of each cultivar was selected. The average plants per acre
of Kinnow were 104.8 plants; Musambi 89.4 plants and
Feutrell’s early 96.9 plants.

Sargodha

Sahiwal = 31°58'24"N72°19'30"E
Sargodha = 32°05'03"N72°40'15"E
Bhalwal = 32°15'58"N72°54'05"E
Sillanwali = 31°49'45"N72°32'22"E

Figure 1: Map showing the selected locations (Tehsils)
in Sargodha district for sampling of citrus mites.

Sampling of mites

A sampling of mites was done randomly through
each citrus orchard. Three plants of about the same age
and height were selected randomly to collect the mite
population from each orchard. Sampling was done at
biweekly interval. Sampling was carried out using two
methods: (i) branch shaking/spot shaking and (ii) randomly
collected leaves and fruits. Each plant was divided into
four quadrates, and one branch from each quadrate was
trembled. A white paper was placed under the branch
to see the mites on the paper after shaking. After a few
seconds, the mite specimen starts to move, which were
easily observed under bright sunlight. The mite specimens
were collected and preserved in tubes containing 70%
ethyl alcohol. The specimens on the page were collected
with a moist camel hair brush, and magnifying glass was
used to view the minute creatures. The second sampling
method was done randomly collecting twenty leaves and
3-5 damaged fruits of the selected tree from each quadrate.
Mites on fruits were individually removed with a brush
under a stereomicroscope and placed in 70% alcohol. The
samples were kept in plastic bags and transported to the
laboratory of Department of Entomology, University of
Sargodha. The samples were stored at 4 °C temperature for
further identification.

Identification of mites

The permanent slides of collected mite samples
were prepared by using Hoyer’s Medium. The collected
specimens were mounted using the prepared medium
on the glass slides and kept for drying in the slides
racks for fifteen days. The mites were observed under a
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stereomicroscope and identified using taxonomic keys
(Tuttle and Baker, 1964; Bashir and Afzal, 2005; Vacante,
2009, 2010). Specimens were also deposited as a reference
collection at the laboratory of China-Pakistan Joint
Research Center, Department of Entomology, University
of Sargodha and Department of Entomology, University
of Agriculture, Faisalabad.

Data analysis

Data for species identity and the total number of mites
found on each citrus cultivar at four different locations
were analyzed. Following formulas were used to calculate
the species richness and evenness, dominance, Simpson’s
diversity index, and Shannon Wiener diversity:

Shannon’s diversity index was calculated as;

H = Z[pi — In(pi)

' = nlogn — XF f, logf;

I

Where; H= Shannon’s diversity index; Pi= Fraction
of total population belonging to species 7; S= Number of
species encountered; X= Sum of species from 1 to species
N. Maximum diversity was calculated as;

H'max = logk

Species evenness was calculated as;

Hn‘
e
H'max
Species dominance and diversity comparison was

calculated as;

D=1-]
. _H1-H72
T Syli'z

Results and Discussion

Identification of mites species

Overall, nine mite species from four different
families; Cunaxa sp. (Cunaxidae); 4. andersoni, Euseius
sp., Neoseiulus sp. (Phytoseiidae); B. californicus B. phoenicis
(Tenuipalpidae), and E. orientalis, P citri, T. urticae
(Tetranychidae) were identified (Table 1).

Table 1: Detail of families and species of mites identified
in this study.

Family Species
Cunaxidae Cunaxa sp.
Phytoseiidae Amblyseious andersoni
Euseius sp.
Neoseiulus sp.
Tenuipalpidae Brevipalpus californicus
Brevipalpus phoenicis
Tetranychidae Eutetranychus orientalis

Panonychus citri
Tetranychus urticae

Family cunaxidae baker and hoffmann, 1948

Diagnostic features

Cunaxidae includes more than 330 species that belongs
to 27 genera (Den Heyer, 2011). They have five segmented
padipalps, spine-like setae on telofemur, attenuate tarsi,
and dorsal shield not reticulated. In gnathosoma, five
segmented palps are present. Trochanter having no setae,
basifemur with simple dorsomedial seta, inner anterior
surface of telofemur having one uncinated apophyses and
outer surface with simple dorsolateral seta. It has a small
claw (Den Heyer and Sergeyenko, 2009; Skvarla ez al.,
2014). Their family members are free-living, and most of
them are a predator in nature and feed on nematodes, scale
insects, spider mites, and other small arthropods (Skvarla ez
al.,2014). Some of their species also feed on the honeydew
produced by their host plants. Heyden first defined genus
Cunaxa in 1826 with one type of species, Scirus setirostris
Hermann 1804 (Heyden, 1826).

Only Cunaxa sp. were identified from the Cunaxidae family

Cunaxa sp. (Figure 2a)

Description: The body length is 637 pm in length
(without gnathosoma) and 401 um in width. Gnathosoma
is 352 pm long. Hypostome cone-shaped at distal side
having four pairs of hypognathal setac and two pairs of
adoral setae. Palp 350 um and five segmented. Chelicera
terminates in a claw and 150 um long with lobes present
on its dorsal and ventral sides and having one simple
dorsolateral seta. Sub-rectangular shield present on
propodosoma originated from gnathosoma base and
extended towards anterior region of hysterosoma and
dotted striae separate both. Venters have dotted striations.
Dotted lobes present on legs and I-IV tarsi slender,
attenuated, and long (Bashir ez /., 2005).

Economic importance: This mite species is a
predator in nature and feed on many other harmful mites.
It also feeds on nematodes, scale insects, spider mites,
and other small arthropods and it is being produced and
commercially available as biological control of insect pests
world-wide (Bashir ez a/., 2005).

Distribution: It is distributed towards Africa, Asia
and European regions (Den Heyer ez a/., 2011).

Species examined: This species was observed from
all cultivars of sampling sites except tehsil Sargodha in
Musambi cultivar.

Family Phytoseiidae, Berlese 1916

Diagnostic features

Their bodies are highly sclerotized and pyriform and
color vary in different species from white to brown. Males
of this family are slightly smaller than their females, with
a body length of 300 pum. Their body is divided into two
parts; gnathosoma and idiosoma. Gnathosoma has a dual
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purpose as it is used for censoring and helps prey capture
and ingestion. It bears chelicerae, stylophore and sensorial
palps. Chelicerae constituted a variable number of teeth.
Idiosoma is covered with three dorsal and ventral shields
in females and two in males. Diagnostic of Phytoseiidae
species is based on their female morphological characters,
i.e., legs, setal shape, cheliceral dentition, and spermatheca
shape (McMurtry ez al., 1992).

a b

Figure 2: The indentified species of mites colleccted from
three citrus cultivars at different locations of district
Sargodha, (a) Cunaxa sp, (b) Amblyseious andersoni, (c)
Euseius sp.,(d) Neoseiulus sp., (e) Brevipalpus californicus,
(f) Brevipalpus phoenicis, (g) Eutetranychus orientalis, (h)
Tetranychus urticae; Tetranychidae) (i) Panonychus citri.

Following species of Phytoseiidae were identified:

1. Amblyseious andersoni Chant, 1957 (Figure 2b)

Description: Its dorsum length is about 0.3-0.4 mm,
and the body is smooth with few reticulations. It has 17
pairs of serrated setae, which are longer and have one pair
of lateral setae. Three pairs of setae present on the sternal
plate and three macrosetae on the fourth leg. It lay about

30-40 eggs and completes its generation in just 2-3 weeks
(Swirski ef al., 1967).

Economic importance: It is a predatory mite and
teeds on pest mites, whiteflies, thrips and citrus psyllids.
It can also survive on non-living diets and is unaftected
by insect growth regulators applied to control other pests
(Juan-Blasco ez al., 2012).

Distribution: This species was found in the Middle
Eastern part of the world. It is now cosmopolitan due to
its commercial use.

Species examined: This predatory species was
observed from cultivars of tehsil Sargodha and Bhalwal
only.

2. Euseius sp. (Figure 2c)

Description: Its dorsum is reticulated and about 0.3
mm in length. Two pairs of setae present on the lateral body
side, and 17 pairs of sub-equal setae are also present; the
fourth leg with single macroseta. The optimal temperature
for this mite is 25 °C, and at this temperature, its female
lay about 40 eggs, and generation completes in 3-4 weeks
(Abbassy et al., 2012).

Economic importance: It has great economic
importance because of its predatory nature. It feeds on
many pest species of mite like 7 urticae, P, citri, E. orientalis
and also feed on whiteflies (Kasap and Sekeroglu, 2004).

Distribution: It is distributed in Turkey, Egypt,
Australia, Morroco, America and some parts of South
Asia (Abbassy ez al., 2012).

Species examined: This species was observed from all
cultivars of selected sampling sites.

3. Neoseiulus sp. (Figure 2d)

Description: It is a predatory mite, and the body
color of non-feeding mites is yellow and feeding mites
often contains the color of their prey. Its dorsum is 0.5-1.0
mm long and mostly smooth or little sclerotized. There
are some reticulations on the body and it has 17 pairs of
short and nude setae. Single macroseta on the fourth leg
and three pairs of setae on the sternal plate. The optimum
temperature is 25 “C, and the female lays about 30 eggs. It
completes generation in 1-2 weeks (Sarwar, 2016).

Economic importance: These mites feed on several
major pests like thrips, citrus psyllid and other pest species
of mites. It is being produced and sold worldwide by many
companies (Zhang ez al., 2001; Arthurs ez al., 2009).

Distribution: It is distributed from European to the
Middle Eastern parts of the world (Jafari ez a/., 2012).

Species examined: This predatory species was
observed from all cultivars of sampling sites except Tehsil
Sargodha and Bhalwal in Feutrell’s early cultivar.

Family tenuipalpidae, Berlese 1913

Diagnostic features

Macroscopically these are confused with the mites
belongs to Tetranychidae because of their orange to red
body color. They are sometimes yellowish-red, green,
reddish-green, or reddish-black formed by gnathosoma
and an idiosoma (Childers e a/., 2003). Their body is
somewhat dorso-ventrally flattened and 200-400 pm in
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length with small ridges and reticulations on the body. They
are slow-moving mites. They do not produce silk webbing.
That is why called as “false spider mites”. Few species have
damaging effect to citrus orchards of the world, such as
Central and Southern America (Childers e# a/.,2001). The
tenuipalpids are mostly regarded as secondary plant pests
but recent studies also exploited these acts as a vector of
plant viruses (Gerson, 2008).
Following species of Teuipalpidae were identified:

1. Brevipalpus californicus Banks, 1904 (Figure 2¢)

Description: These are commonly known as a flat
citrus mite. These phytophagous mites have more than
300 host plants and responsible for transmitting diseases
pathogen. It is a carrier of citrus leprosis disease. These
minutes species are red, about 0.25-0.30 mm long, have
an oblong, flattened body covered with various reticulation
dorsally. It also consists of short setae on opisthosoma
laterally and sensory setae on tarsus (Childers ez a/.,2003).

Economic importance: These are the pest of sweet
oranges, valencia oranges, mandarins, specifically lime, and
bitter oranges. Feeding causes corky blemishes, yellowish-
brown scab like spots on the fruit peel, which degrade
the fruit quality. In severe attack, leaf drop occurs. These
phytophagous mites have more than 300 host plants and
responsible for transmitting viral pathogen diseases. It is a
vector of citrus leprosis disease.

Distribution: It is widely distributed throughout the
world so-called as cosmopolitan species.

Species examined: This species was observed from all
cultivars of selected sampling sites except Musambi plants
in tehsil Sahiwal.

2. Brevipalpus phoenicis Geijskes, 1936 (Figure 2e¢)

Description: It is commonly known as a reddish-
black flat mite. Its body is oblong, about 0.25- 0.30 mm
long, and red. Dorsum show variability and is covered with
irregular, dark red patterns and rounded striae with no
reticulations. The second tarsus has two sensory setae and
opisthosoma bears six pairs of setae on the lateral side. The
cycle completes in three weeks at 27°C. Its developmental
rate depends upon the host plant. They prefer to aggregate
on the lower sides of the mature leaves around the pedicle,

the button of fruits, and invaginations of leaves (Beard e#
al., 2015).

Economic importance: During their feeding on
plants, they inject toxins inside host tissues that causes
a variety of losses to the plant. In citrus, their damage
causes loss in weight of fruit and overall 50 % loss in
yield. Affected oranges show reddish color round patches.
At high infestation, it causes brownish leaves and they
become dry and drop. It also acts as a vector of many plant

viruses such as leprosis. It causes greater economic losses
by reducing the plant yield and plants may also die due to
high infestation (Childers and Derrick, 2003).

Distribution: It is distributed in Egypt, South-

Eastern Asia, the Mediterranean region, East Asia, Brazil,
Africa, and some Middle East parts (Childers ez /., 2003).

Species examined: This species was observed from all
cultivars of selected sampling sites.

Family tetranychidae donnadieu, 1875

Diagnostic features

Mites of this family tend to make webs and are
mostly known as spider mites. These mites typically are
phytophagous in nature and cause damage to cultivated
plants and other economic important crops. Most of their
species are polyphagous. This family includes 1250 species
under 73 genera and is distributed throughout the world
(Migeon and Flechtmann, 2004). Their body is soft and
round with 350-1000 pm in length. They may be red,
green, orange, or yellow formed from gnathosoma and
idiosoma. About 60 species of Tetranychidae have been
recorded on citrus plants from different world regions and
had damaging effects (Vacante, 2010).

Following species of Tetranychidae were identified:

1. Eutetranychus orientalis Klein, 1936 (Figure 2g)

Description: It is commonly known as oriental spider
mite or spider mite. These microscopic specimens are
phytophagous in nature and have long legs and an oval
body. Females are reddish-brown, about 0.5 mm, while the
males are smaller with pointed hyteronotum and slightly
lighter in physical appearance and short dorsal setaec on
the body. It completes 10-12 generations per annum
(Khanjani ez a/., 2017).

Economic importance: Cell death in patches on
leaves observes and loss of pigmentation on fruits due to
high population.

Distribution: This mite specimen is reported from
eastern Mediterranean countries, in Asia from mostly
from Pakistan, India and China, and also, from Africa.

Species examined: This species was observed from
all cultivars of sampling sites except tehsil Sillanwali and
Feutrell’s early cultivar in Bhalwal.

2. Tetranychus urticae Koch, 1836 (Figure 2h)

Description: It is commonly known as two-spotted
spider mites due to two darken exact dorso-lateral spots.
'The body color of this phytophagous species is greenish
which mostly darkens after feeding. The species body size
ranges from 0.4-0.5mm. The male specimens are smaller
and narrower in size than females and some females
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are reddish, commonly known as red spider mite or
carmine spider mite. It has 9-11 generations recorded per
annum.

Economic importance: Chlorosis on leaves and
fruits, brown spots and webbing appeared due to high
infestation of mite attack (Auger ez a/., 2013).

Distribution: This species is distributed throughout
the world because it has various host plants, including
citrus, vegetables, cotton and tomatoes (Hazan ez al., 1973).

Species examined: This species was observed from all
cultivars of sampling sites except Kinnow cultivar in tehsil
Sahiwal.

3. Panonychus citri McGregor, 1916 (Figure 2i)

Description: It is commonly known as red mite
because of red appearance throughout the life cycle. Its
body is covered with setae. Claw like empodium is present
on tarsi with ventrally directed three pairs of hairs. There
are 13 pairs of long and prominent setae present on its
dorsum. Female lays about 40 eggs at 26°C and generation
completes in two weeks. Its population becomes numerous
during early winter and less abundant in summer (Jeppson

et al., 1975).

Economic importance: It’s feeding causes stippling
spots on leaves that give silvery or yellow appearance. At
high infestation, the leaves may drop, loss in fruit quality,
twigs dieback, and sometimes, the tree also dies due to its
damage (McMurtry ez al., 1979).

Distribution: Red mite occurs wherever citrus is
grown. It is a major pest in South Africa, California, and
Japan. It is distributed worldwide.

Species examined: This species was observed from
all cultivars of sampling sites except tehsil Sillanwali and
Feutrell’s early cultivar in Tehsil Bhalwal.

Biodiversity of citrus mites in district Sargodha

Maximum richness (9) on Kinnow mandrins was
recorded in two tehsils; Sargodha and Bhalwal, while
minimum richness (6) was observed in Sillanwali. Similarly,
a maximum Shannon Wiener diversity index (2.108) was
observed in Sargodha, while Sillanwali showed a minimum
diversity index (1.310). Evenness (J°) was higher (0.960) in
the Sargodha location, followed by Bhalwal (0.906) and
minimum evenness was found (0.731) in Sillanwali. Full
dominance (D’) was observed in Sillanwali which was 0.269
and minimum (0.040) dominance was found in Sargodha.
Sargodha showed higher Simpson’s diversity (0.868)
while Sillanwali showed least value of Simpson’s diversity
index (0.794) in Kinnow orchard. Maximum richness (9)
of mite species on Musambi plantations was recorded in

Tehsil Bhalwal, while minimum richness (6) was observed
in tehsil Sillanwali. Shannon Wiener diversity index was
recorded maximum (1.92) in Sargodha. Sargodha also
showed maximum (0.927) evenness (J)), followed by
Bhalwal. Maximum dominance (D’) of species was found
in Sillanwali, which was 0.814 and minimum (0.073)
dominance was shown by Sargodha. Sargodha showed
maximum Simpson’s diversity (1.94) while Sillanwali
showed minimum index (1.59) in Musambi plantations.
In Feutrell’s early, maximum richness (8) was recorded in
tehsil Sargodha, while minimum richness (6) was observed
in both tehsil Sillanwali and Bhalwal. Shannon Wiener
diversity index was recorded maximum (1.94) in Sargodha.
Bhalwal showed maximum (0.987) evenness (J°), while
minimum (0.89) evenness was observed in Sahiwal.

Maximum dominance (D) of species was found
in Sahiwal which was 0.111 and minimum (0.067)
dominance was recorded in Sargodha. Sahiwal showed
maximum Simpson’s diversity (0.853), and minimum
Simpson’s diversity index (0.77) was recorded in the
Sillanwali location (Table 2).

Table 2: Diversity index of mite species in three citrus
cultivars from different locations of district Sargodha
during March-December 2018.

Location R H' H' max. J' D' Simpson’s

Kinnow

Sahiwal 7 1.678 1946 0.863 0.137 0.835
Sargodha 9 2108 2197 0960 0.040 0.868
Sillanwali 6 1310 1.792 0.731 0269 0.794
Bhalwal 9 1989 2197 0906 0.094 0.836
Musambi

Sahiwal 7 1331 1946 0.684 0316 1.729
Sargodha 8 1927 2.079 0927 0.073 1.940
Sillanwali 6 0332 1792 0.186 0.814 1.598
Bhalwal 9 1813 2197 0.825 0.175 1.767
Feutrell’s early

Sahiwal 7 1729 1946 0.889 0.111 0.853
Sargodha 8 1.941 2.079 0933 0.067 0.847
Sillanwali 6 1599 1.792 0.892 0.108 0.770
Bhalwal 6 1.768 1.792 0987 0.013 0.825

H'= Shannon’s diversity index, A’ max. = maximum diversity, D'
species dominance, /' = species evenness.

Citrus orchards are highly infested with citrus mites
that are considered severe pests worldwide (Xiao and
Fadamiro, 2010). They damage citrus fruit and leaves and
form blemishes responsible for export loss (Vacante, 2010).
Export of citrus in Pakistan has been declining due to
various factors in which mites were considered a potential
pest (Bakar ez al., 2016). Their presence is much annoying
and always causes a threat to citrus production. Diversity
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Table 3: List of citrus mites in relation to different tehsils of district Sargodha.

St#  Species Sahiwal Sargodha Sillanwali Bhalwal All Sites
1 Amblyseious andersoni Pr 0 1585 0 951 2536
2 Brevipalpus californicus Pe 713 1530 1357 2426 6026
3 Brevipalpus phoenicis Pe 1886 2004 1923 1727 7540
4 Cunaxa sp. Pr 621 797 391 765 2574
5 Eutetranychus orientalis Pe 142 577 0 340 1059
6 Neoseiulus sp. Pr. 256 594 597 517 1964
7 Panonychus citri Pe 743 1147 0 396 2286
8 Phyllocoptruta oleivora Pe 1191 1276 956 1322 4745
9 Tetranychus urticae Pe 304 1888 1919 2935 7046
10 Un-Identified 643 658 307 579 2187
N 6499 12056 7450 11958 37963

varieties, including Kinnow, Feutrell’s early and Musmabi

in tehsils Sahiwal, Sargodha, Sillanwali and Bhalwal.

During field visits, a total of 37,923 specimens of
citrus mites were collected. Nine species (Cunaxa spp;
Cunaxidae), (4. andersoni, Euseius spp., [Neoseiulus spp.;
Phytoseiidae), (B. californicus, B. phoenicis; Tenuipalpidae),
and (E. orientalis, P citri, T. urticae; Tetranychidae) of
mites from four different families were identified in the
laboratory. Mite species occurrence can be correlated with
Denmarks (1984) documentation who reported three
species of mites, including B. californicus, B. phoenicis
and B. obovatus found abundantly in citrus fields. These
mite species are also abundant in citrus fields in different
regions of Asia (Jeppson ez al., 1975). Results can also be
compared by the findings of Ledesma ez a/. (2011), whose
work showed the presence of 7 urticae, P citri and E.
orientalis abundantly on different citrus cultivars.

Our findings showed that B. phoenicis was most
abundant citrus mite species in district Sargodha while E.
orientalis was found to be the least abundant in this region.
Among different tehsils, all of the identified species (9)
were found in Sargodha, while the least number of species
(6) was found in tehsil Sillanwali. Population dynamics
of different mite species were recorded from tehsils of
district Sargodha. The maximum population of mites were
collected in Sargodha (12056) followed by Bhalwal (11958)
and Sillanwali (7450), while the minimum population was
found in Sahiwal (6499) (Table 3). The most important
species of Brevipalpus reported on citrus plants globally are;
B. amicus Chaudhri, B. californicus (Banks), B. chilensis Baker,
B. lewisi (McGregor), B. obovatus Donnadieu, B. mcgregori
Baker, and B. phoenicis (Geijskes) (Baker and Suigong,
1988). Brevipalpus mites are parthenogenetic (thelytokous).
B. phoenicis is an efficient in vectoring leprosis disease
(Chiavegato and Salibe, 1984). The transmission efficiency
is higher in the larval stage than adult stages (Chagas ez al.,
1984). Once a mite infects the virus, it continues vectoring
the disease in successive instars (transstadial transmission)

(Rodrigues, 2000). Tetranychus urticae was also abundant in
all selected locations of Sargodha district. Both immature
and adult stages feed on older leaves of citrus plants inserting
their stylets into the tissue, tiny silvery spots or yellowing
of leaves occur which turn brown later (Hoque ez 4., 2010).
In severe infestations, the leaf becomes curl, reduction in
chlorophyll and photosynthesis occurs, and plant vigor
decreases. Phyllocoptruta oleivora also known as citrus rust
mite infests plants of genera Citrus and Fortunella. It infests
leaves, branches and fruits, causing fruit rind russeting,
which leads to yield losses and deteriorates the fruit quality
making them unfit for export (Sarada ez al., 2018).

Amblyseious andersoni was present in only Sargodha
and Bhalwal tehsils. However, no specimen was recorded
from Sahiwal and Sillanwali (Supplementary Table S1).
Amblyseious andersoni is a generalist predator and can
feed on various mite and insect species (Jaworski, 2000;
Duso and Pasini, 2003). Cunaxa sp. and Neoseiulus sp. were
also present in all localities of the Sargodha district. The
members of both Cunaxa and Neoseiulus are important
predators on a variety of prey, including spider mites, scale
insects, and other small arthropods (Doker e al., 2017,
Fonseca ez al., 2020).

The geographical distribution plays a vital role in the
occurrence of economically important pests. Different
predator and pest population include in Acarina fauna of
citrus trees. Biodiversity parameters for Kinnow concluded
that maximum richness (9) of citrus mites was recorded in
tehsil Sargodha and Bhalwal with minimum richness (6) in
Sillanwali. Similarly, other parameters, including Shannon
Wiener diversity index, evenness, and Simpson’s diversity,
were recorded maximum in Sargodha tehsil. From nine
different citrus orchards, 29 species of mites were identified
belonging to 9 different families by Fadamiro ez a/. (2009).
Variation in abundance of mite species across different
localities could be due to climatic conditions and types and
numbers of insecticides application in the orchard (Meena

et al.,2013).
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Conclusions and Recommendations

Conclusively, our study reported 9 species of mites
from four different families in Sargodha citrus. Among the
predatory mites, Cunaxa sp. from the family Cunaxidae, 4.
andersoni, and Neoseiulus sp from the family Phytoseiidae
were recorded. The B. californicus and B. phoenicis from
Tenuipalpidae family, and E. orientalis, P citri and T
urticae from Tetranychidae family were identified that
are important pests of citrus plants. Overall, mite species
were more abundant in tehsil Sargodha, while the lowest
abundance was recorded in tehsil Sahiwal.
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