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ABSTRACT — The present study aimed to clarify some bio-ecological aspects of phytoseiid and tetranychid mites in
Syrian citrus orchard conditions. The main objective was to obtain preliminary data on diversity, population dynamics,
and overwintering phenology of mites considered in a pesticide-free citrus orchard located in Latakia province. Mites
were collected on citrus leaves, in Phyto traps attached to citrus twigs, and on wild plants within and around the orchard
from mid-summer 2013 to early summer 2014. Panonychus citrivas the main tetranychid species collected on citrus leaves,
but in very low densities. Mobile stages of this phytophagous were absent during winter. Eight phytoseiid species were
found on citrus leaves during all sampling dates, and their general mean density was four times higher compared to
that of P. citri. Euseius stipulatusEuseius scutalisnd Amblyseius andersoniere the dominant species on citrus leaves and
seemed to have different population dynamics, different overwintering sites and phenology in winter, apparently due to
differences in climatic requirements (i.e. temperature and photophase). Some phytoseiid species were rarely observed on
citrus leaves, but were collected in high number in Phyto traps. Others seemed to emigrate from wild plants to overwinter
on citrus twigs. Several hypotheses were formulated to explain the results obtained.

KEYWORDS — Panonychus citrifuseius stipulatusEuseius scutalisamblyseius andersoni; population dynamic; overwinter-

ing; biological control

INTRODUCTION

Members of the family Tetranychidae have been
widely recorded on citrus in different regions of the
world (Vacante, 2010). Several species of this family
[i.e. the citrus red mite Panonychus citriMcGregor),
the oriental red mite Eutetranychus orientaligKlein)
and the two spotted spider mite Tetranychus urticae
Koch] have a worldwide distribution and are con-
sidered as major pests of this culture worldwide
(Jeppson et al., 1975; Gotohet al., 2003; Vacante,
2010).

Several predatory mites of the family Phytosei-
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idae are considered as the main biological control
agents of tetranychid mites in citrus orchards, main-
taining their population densities at low economic
levels (McMurtry, 1977, 1992; Ferragut et al., 1992;
Abad-Moyano et al., 2009). However, unfavourable
climatic conditions (i.e. hot and dry summer ;
cold winter), and mainly the application of broad-
spectrum pesticides lead to decrease in population
densities of these natural enemies, causing popula-
tion outbreaks of several tetranychid mite species
(McMurtry, 1977; Garcia-Mari et al., 1983; Kasap,
2009).

In Syria, Latakia province is the main grow-
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ing citrus region, producing about 0.72 million tons
of citrus fruits annually according to data from
Syrian Ministry of Agriculture and Agrarian Re-
form (2012). A recent survey conducted in fty
citrus orchards in this province, showed the pres-
ence of fteen phytoseiid species on citrus trees and
on wild plants within or around orchards (Barbar,
2013). The dominant species were Euseius stipu-
latus (Athias-Henriot), TyphlodromugTyphlodromus)
athiasaePorath and Swirski, Amblyseius andersoni
(Chant) and Euseius scutaligAthias-Henriot). Al-
though, relatively high densities and diversity of
these predators were reported, there was limited
information about their potential role as biological
control agents against tetranychid mites, in partic-
ular P. citri, associated with these natural enemies
in some surveyed orchards (Barbar, 2013; Personal
observations). This phytophagous mite is known as
a non-diapausing species, cannot survive the win-
ter without feeding and usually produces two peak
population densities, one in spring or early sum-
mer and one in autumn (Gotoh and Kubota, 1997;
Kasap, 2005). High levels of attack by this species
may cause important quantitative and qualitative
losses in citrus fruits (Jeppson et al., 1975; Vacante,
2010).

As no study has been undertaken on bio-
ecological aspects of tetranychid mites and their
phytoseiid predators in Syrian citrus orchard con-
ditions, and as mite population dynamics on cit-
rus trees are poorly investigated during winter, the
objectives of the present study were to (1) obtain
preliminary data on diversity and population dy-
namics of phytoseiid and tetranychid mites on cit-
rus leaves in a pesticide-free orchard; (2) provide
information about species composition and phenol-
ogy of phytoseiid mites during hibernation period
using "Phyto traps" (Koike et al., 2000); (3) evalu-
ate the importance of wild plant species within or
around citrus orchards as possible sources and po-
tential overwintering sites of phytoseiid mites oc-
curred frequently on citrus trees.

M ATERIALS AND METHODS

Experimental citrus orchard. The study was car-
ried out in a 12-year-old lemon [Citrus limon (L.)
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Burm] orchard, of approximately 1.500 m 2 located
in Latakia province (1 km south of Latakia city,
Syria, the area has a sub-humid Mediterranean cli-
mate). Several wild plant species (i.e. weeds,
ground vegetation) were present within and around
the orchard. The orchard is surrounded by three
windbreak plants: Acacia cyanophyllaindley, Euca-
lyptus sp. and Cupressus sempervirehsNo pesticide
applications were carried out in the orchard since
early spring 2010. Daily average temperatures and
relative humidity were obtained from a weather sta-
tion located at 1 km away from the orchard. Data of
daily photoperiod (a photophase between the sun-
rise and sunset) in the orchard area were obtained
from Al-Hashimi Calendar ®, Syria.

Mite population dynamics study. Samplings
were conducted 20 times from mid-august 2013
to the beginning of June 2014. Fifty citrus leaves
were collected twice a month from different sides
of ve randomly selected and marked trees (ten
leaves/ tree). Each collected leaf was considered as
a replicate for statistical analysis. The samples were
placed in plastic bags inside an icebox and trans-
ferred to the laboratory. All phytoseiid and tetrany-
chid stages on upper and lower surfaces of each leaf
were counted using a binocular microscope. Adult
stage was mounted on slides in Hoyer's medium
and dried in an oven at 45 °C for one week for
identi cation. Phytoseiid females were examined
using a microscope (Olympus, CH20) and non-
diapausing females were distinguished from dia-
pausing ones by the presence of eggs inside their
idiosoma (Veerman, 1992; Kim et al., 2010).

Phytoseiidae overwintering study. A total of
140 Phyto traps with size of 2.5 x 1 cm (Koike et
al., 2000; Kawashima and Amano, 2006; Kawashima
et al., 2006) (Figure 1) were attached to twigs of
the same ve marked trees in the study above (28
traps/ tree). Attachment of the traps took place
on 1%t October 2013. Twenty traps (four traps/
tree) were randomly collected once a month from
15t November 2013 to 15t May 2014 and each trap
was considered as a replicate. Collected traps were
transferred to the laboratory. Mites were counted
and removed from traps using a binocular micro-
scope. Adults were mounted on slides in Hoyer's
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FIGURE 1: A Phyto trap attached to a twig of citrus tree in the orchard studied in Latakia province, Syria, on October 2013.

medium for identi cation and examination of dia-
pausing females.

Mites on wild plants study.  Fallen citrus leaves
under tree canopies and leaves of at least 15 wild
plant species (within or around the citrus orchard)
were sampled four times (on mid-September and
mid-December 2013, and on mid-February and
mid-April 2014). Sample of each plant species was
approximately equal in volume to that of 50 cit-
rus leaves. Phytoseiid and tetranychid mites were
removed from leaves using the "dipping-checking-
washing- Itering" method (Boller, 1984) and treated
in the same way as those on citrus leaves for mount-
ing and identi cation.

Data analysis. During study, P. citri was the
dominant tetranychid species and only two females
of T. urticaewere found on citrus leaves, therefore,
this latter species was ignored in statistical analysis.

As data from citrus leaves (number of mites)

were not normally distributed, a Kruskal-Wallis
non-parametric analysis of variance followed by
multiple comparisons between ranks (IBM ® SPSS
version 20, 2011) were carried out to compare (1)
phytoseiid and P. citri densities between sampling
dates; (2) densities of the dominant phytoseiid mite
species between sampling dates. Meteorological
data (daily mean temperature, RH % and pho-
tophase) and those from phyto traps (number of
mites) followed a normal distribution. One-way
analysis of variance (ANOVA) followed by Dun-
can's test (a« = 0.05) were, therefore, carried out to
compare these variables between sampling dates.

Linear regressions were used to evaluate the re-
lationships between mean densities of all phyto-
seiid species (and these of the dominant ones) on
citrus leaves in each date and the different indepen-
dent variables (i.e. mean densities of P. citri; means
of temperature, RH % and photophase). Signi cant
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relationships were only presented.

RESULTS

Population dynamics of Panonychus citri and
Phytoseiidae on citrus leaves. The citrus red mite
P. citri was the dominant species (more than 98 %)
on citrus leaves. The highest densities (mean SE
mites per leaf) were observed on mid-January (0.20

0.12), on mid-March (0.22 0.12) and on mid-
May 2014 (0.18 0.08) compared to other sampling
dates (H = 31.35; df= 19; P = 0.037) (Figure 2).
Adults and immature stages were absent from mid-
January to 15t May 2014,

Phytoseiid predatory mites were present in all
sampling dates. The results of adult stage identi -
cations showed the presence of eight species, three
being dominant: E. scutalis(31.4 %), E. stipulatus
(31.1 %) and A. andersoni(21.2 %). Other species
[ T. (T.) athiasaeParaseiulus talbi{Athias-Henriot),
Iphiseius degeneran®erlese), Typhlodromus(Antho-
seius)foenilis Oudemans and Typhlodromus(Antho-
seius)rickeri Chant] were less frequent (Figure 3).

The highest densities of these predators (all
species and all stages considered) were observed
on 15t September 2013 (0.5 0.1) and on mid-May
and 1%t June 2014 (0.88 0.26 and 1.3 0.24 re-
spectively) (Figure 2). Their densities were very low
from mid-December 2013 to mid-February 2014 [the
lowest were on mid-January 2014: 0.02 0.02] (H
= 103.16; df= 19;P < 0.001). A signi cant relation-
ship was observed only between mean phytoseiid
mite densities and mean photophase ( R2= 0.49;F
=17.53; df = 19;P = 0.001) (Figure 4a). The results
showed that the trend of egg and immature stages
(when present) was almost similar to that of adults,
even if their percentage was very low.

Density variation in time was different for each
dominant species [only immature stages (when
present) and adults were considered]. For E. scu-
talis, the population increased progressively from
mid-September to mid-November 2013, decreased
from December 2013 to May 2014 and re-increased
and reached the highest densities on 15t June 2014
(0.28 0.11;H =52.24; df=19;P < 0.001) (Figure 5).
Examination of the slide-mounted females showed
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FIGURE 2: Mean densities of Phytoseiidae and P. citri per citrus leaf (

mid-August 2013 to the beginning of June 2014.
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FIGURE 3: Relative abundance of phytoseiid mite species on citrus leaves in the orchard studied in Latakia province, Syria, from mid-

August 2013 to the beginning of June 2014.

the absence of eggs inside their idiosoma during
January 2014.

The densities of second dominant species, E.
stipulatus, were very low during autumn and win-
ter, increased from March 2014 and uctuating af-
terward until the end of samplings (0.52  0.13;H
=135.99; df=19;P < 0.001) (Figure 5). A signi cant
relationship was observed between its mean den-
sities and mean photophase (R2 = 0.37; F = 10.39;
df = 19; P = 0.005) (Figure 4b). Examination of the
slide-mounted females showed the presence of eggs
inside their idiosoma during winter.

Population densities of A. andersonivere signi -

cantly higher in the beginning of autumn 2013 (0.28

0.09 on P! September) than other sampling dates
(H =93.75; df=19;P < 0.001) (Figure 5). This species
was absent on citrus leaves from mid-October 2013
to 15t February 2014 when it re-appeared and re-
mained in low densities afterword. A signi cant re-
lationship was observed between its mean densities
and mean temperature and photophase ( R2=0.61;
F=28.24; df =19;P < 0.001;R2=0.27;F =6.53; df =
19;P = 0.02, respectively) (Figures 4c and 4d).

Phytoseiidae in Phyto traps. Approximately 80
% of attached traps were occupied by these preda-

tors. A total of 499 mites were collected including
adult females (70.1 %), adult males (10.1 %), imma-
ture stages (7.8 %), eggs (3.6 %) and dead mites (8.4
%) from the beginning of November 2013 to the be-
ginning of May 2014. High percentage (50.9 %) of
traps were occupied by 1-3 phytoseiid mite individ-
uals (Figure 6). Examination of the slide-mounted
females showed the absence of eggs inside their id-
iosoma during January 2014.

The results of adult identi cations showed the
presence of ve phytoseiid mite species, three be-
ing dominant: A. andersoni(61.7 %), T. ( A.) foenilis
(18.9 %) andT. ( T.) athiasa€17.1 %). Other species
[Phytoseius nitimus Ribaga and P. talbii] were less
frequent (Figure 7).

The densities (mean  SE mites per trap) of
those predators (all species and all stages consid-
ered) were not signi cantly different between sam-
pling dates ( F = 1.20; df = 6; P = 0.31) (Figure 8).
However, similar to what was observed on citrus
leaves, density variation in time was different for
each dominant species. Population densities of A.
andersonivere signi cantly higher in the beginning
of November 2013 (3.85 0.51), slightly decreased
on December 2013 and remained stable until May

413



Barbar Z.

01.49 067 b R? Linear = 0.366
01.2+4 3
i G
-] o
g2 0o S8 04
'gﬁ, =1 5.“ 0.24
0.2
0.0 0.0+
] 1 I ]
9 10 11 12 13 14 15
Mean photophase (hour) Mean photophase (hour)
4 " 0.4 .
047 ¢ R® Linear=0611 d R? Linear = 0.266
Gt G
o o
- E . - E s
28 024 28 0.2
i rk :
£ £
&
& &
0.0 0.0+ aa
] I | 1 1 ] 1 ] 1 1 1 I
10 15 20 25 30 9 10 11 12 13 14 15
Mean temperature °C Mean photophase (hour)
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FIGURE 6: Percentage of Phyto traps attached to citrus twigs occupied by different number of phytoseiid individuals from November

2013 to May 2014.
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