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ABSTRACT

Schizotetranychus smirnovi Wainstein is a serious pest of almond in Iran and its population has extremely increased
recently in Chaharmahal va Bakhtiari province. Biological parameters of this mite were determined on almond leaves
(Mamaei variety), under laboratory conditions at 27.5 + 1 °C, 50 £ 10 % RH, and photoperiod of 14:10 (L:D). More-
over, population fluctuation of S. smirnovi and its predator, Scolothrips longicornis Priesner, were studied on almond
(Mamaei c.v.) under field conditions (from April to October) during two successive years 2008—2009. Laboratory
results showed that egg incubation period is the longest (3.25 £ 0.25 and 3.05 + 0.25 days for female and male,
respectively) in the immature stage. In addition, the female total immature period (2.91 + 0.43 days) is longer than the
male (2.87 £ 0.64 days). Female and male longevity were calculated as 13.20 + 1.10 and 9.25 £+ 0.75 days, respectively.
Mean fecundity of the mite was calculated as 58.13 £ 6.60 eggs/female. Field studies showed that the mite overwintered
as eggs around the buds of almond shoots. Overwintering eggs hatched depending on the climate conditions from the
third decade of March (in 2008) to the third decade of April (in 2009). In both years, mite population continuously
increased and reached to a maximum density during June and July. According to total degree-days the mite could
produce 12—14 generations per year under field conditions. In addition, S. longicornis showed a strong response (F 25
=20.58, r=0.69, P =0.0001) to the S. smirnovi fluctuations; population of the mite and predatory thrips fluctuated
simultaneously. Our findings may provide practical information about the seasonal abundance of S. simrnovi and be
useful for agricultural experts and farmers to develop a successful integrated pest management (IPM) program.

KEY WORDS: Almond; climate condition; Iran; seasonal activity; spider mite.

PAPER INFO.: Received: 4 January 2020, Accepted: 5 March 2020, Published: 15 July 2020

INTRODUCTION

Almond is one of the most important fruit trees in Chaharmahal va Bakhtiari province which is
cultivated in an area of 15636 hectares (DPEIC 2015). This crop is infested by different pest mite
species including: Acalitus phloeocoptes (Nalepa), Bryobia rubrioculus (Scheuten), Pananychus ulmi
Koch, Tetranychus pacificus McGregor, Tetranychus urticae Koch and Schizotetranychus smirnovi
Wainstein, 1954 (Saeidi 2011; Kamali et al. 2016; Zalom et al. 2019). Among them, two species, T.
urticae and S. smirnovi cause serious threats to almond particularly during summer and reduce the
quality and quantity of the nuts (Saeidi 2013). Outbreak of S. smirnovi has occurred on almond in

How to cite: Saeidi, Z. & Nemati, A. (2020) Almond spider mite, Schizotetranychus smirnovi (Acari: Tetranychidae):
population parameters in laboratory and field conditions. Persian Journal of Acarology, 9(3): 279-289.



280 SAEIDI and NEMATI 2020

Saman orchards, Chaharmahal va Bakhtiari province since 2006 (Saeidi 2011). The adult and
immature stages injure almond foliage by sucking leaves' cell contents. Under favorable conditions,
mite populations rapidly increased, plant leaves were covered with spider mite webs and the quantity
and quality of the fruits were significantly reduced (Saeidi and Nemati 2017).

Temperature, humidity and host plant are the most important factors which affect distribution
and seasonal activity of the spider mites under field conditions (Ullah et al. 2012; Bayu et al. 2017,
Islam et al. 2017; Shimazaki et al. 2019). Moreover, population growth parameters of the spider mites
such as developmental rate, survival, reproduction and longevity largely depend on these factors (EI-
Halawany and Abdel-wahed 2013; Riahi et al. 2013). High temperatures and low-humidity are the
most suitable conditions for spider mites' development and outbreak in agro-ecosystems (Leite et al.
2003). These outbreaks are also encouraged by increased use of synthetic insecticides which form a
strong selection pressure for the development of acaricide resistance in the spider mites' populations
(Van Leeuwen et al. 2010), while destroying their natural enemies especially predatory mites and
thrips (Pakyari and Enkegaard 2012).

Our literature review showed no previous study on biology and life cycle of S. smirnovi on
almond or other host plants, therefore, here we studied the biology and population parameters of S.
smirnovi on almond under field conditions. Results can be useful to understand seasonal activities of
the mite and facilitate developing a successful integrated pest management (IPM) program under field
conditions.

MATERIALS AND METHODS

1. Laboratory studies

Biological parameters of S. smirnovi were studied on almond leaves ('Mamaei' variety), under
laboratory conditions at 27.5+ 1 °C, 50+ 10 % RH, and 14:10 hb(L:D) based on the method described
by Saeidi and Nemati (2017). Before starting the experiments, the stock colony was maintained on
almond seedlings ('‘Mamaei' cv.) grafted on GF677 rootstock and planted in plastic pots (40 x 60 cm)
under greenhouse conditions (25 + 3 °C, 50 + 10 % RH and a 14:10 h L: D photoperiod). One mated
adult female from the stock colony was transferred on each almond leaf (40 replicates) using a fine
camel hair brush (000) and after a 12 h, the adult and all eggs, except one, were removed. Observation
was done twice daily to determine developmental time of mite individuals, under a stereomicroscope
at 10x magnification. After emergence, newly emerged females and males (less than 24 h old) were
transferred onto new leaves and adult longevity and fecundity were recorded daily until death of the
last ones. The data of lower temperature threshold (mc or To) and the thermal constant (K, degree-
days) were obtained from Saeidi and Nemati (2017).

2. Field studies

Population fluctuations of S. smirnovi on almond trees (Mamaei cv.), during two successive
years, 2008-2009, were studied. The field experiments were conducted in the Saman orchards (2075
m a.s.l. and at 32° 44’ N and 50° 87’ E), Chaharmahal va Bakhtiari province, Iran.

2.1. Population sampling

Two commercial orchards of almond (Mamaei cv.), spaced about 10 km were selected without
any acaricides sprayed during the period of study. The orchards were almost similar in terms of
almond variety, soil texture and fertilizer regime. The observations on the incidence and fluctuation
of almond spider mite, S. smirnovi, were recorded at weekly intervals, from April and up to October.
For the first sampling, 20 trees in each orchard were selected randomly and 15 random leaves from
middle portion (at different sides) of each tree were collected. After being picked up, leaves were put
into polyethylene bags and held in an ice-chilled cooler. Laboratory observations were conducted
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using a stereomicroscope at 10x magnification. Different life stages of the mite (egg, nymph and
adult) were counted on the abaxial leaf surface of the almond, whereas, the number of predatory thrips
was recorded on both leaf surfaces. To calculate the required leaves (sample size) in subsequent
sampling intervals, the random sampling method was used with consideration of 20 trees in each
sampling (Krebs 1989).

v=C) ()

where,

N: sample size.

D: constant error (D=0.2).

02 and p are, population variance and mean in the previous sampling, respectively.

2.2. Overwintering study

To determine overwintering stage and hatching time of the overwintered eggs, sampling was
done weekly from October to April. For this purpose, 10 trees in each orchard (site) were selected
randomly and five branches (15 cm in length) from different sides of each tree were collected and
transferred to the laboratory. The collected branches were placed into plastic containers (5 cm?) and
incubated at 25 + 1 °C, 50 = 5 % RH. To keep the sample freshness, a layer of wet cotton was put in
the containers' bottom. Samples were observed daily under a binocular microscope at 10x
magnification and the egg status was recorded.

2.3. Host plants

The host plant range for S. smirnovi was determined by sampling and collecting the mite from
different plant species including weeds, shrubs, fruit and ornamental trees during its population
activity. The established population of different life stages, observation of feeding on host plant in
laboratory using a stereomicroscope and other features like webbing and leaf feeding symptoms were
used to record a plant as host for the mite.

3. Meteorology data
Daily temperature (mean, maximum, minimum) and rainfall of Saman synoptic station were
collected from the Chaharmahal va Bakhtiari meteorological office.

4. Statistical analysis
The obtained data from seasonal activity of S. smirnovi on the almond was analyzed by Statistical
Package of Social Science (SPSS), version 22 for windows. Correlation test was performed using
Excel software, to determine the relation between mite population and predatory thrips densities, and
environmental temperature. The calculation of environmental degree-day was done based on the
following equation (Pedigo and Zeiss 1996):
oo = (F7%)

where,

DD: degree-days for a given 24 hr period,

mi: maximum temperature during the period,

m2: minimum temperature during the period,

me: minimum cardinal temperature for the species (lower temperature threshold), which is 10.7 °C
according to Saeidi and Nemati (2017).
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It is worth mentioning that the assumptions and procedures of Newman (1971) were used for
calculation of degree-days accumulations.

RESULTS

1. Laboratory studies

Female and male biological parameters (egg incubation period, larva, protonymph, deutonymph
and total immature period) at laboratory conditions are shown in Table 1. Egg incubation period was
the longest (3.25 £ 0.25 and 3.05 £ 0.25 for female and male, respectively) in immature stage.
Moreover, the female total immature period (2.91 £ 0.43) was longer than male (2.87 = 0.64 days).
Female and male longevity of the mite were calculated 13.20 + 1.10 and 9.25 + 0.75 days,
respectively. Fecundity of the mite was calculated 58.13 £ 6.60 eggs/female.

Table 1. Mean developmental time and longevity of almond spider mite, Schizotetranychus smirnovi Wainstein, under
laboratory conditions on almond leaves (Mamaei variety).

Female Male

Stage Duration (days) Duration (days)
Egg 325+0.25 3.05+0.25
Larva 1.61+0.25 1.29+0.19
Protonymph 0.98 +0.17 0.69 +0.18
Deutonymph 1.02 +£0.09 0.89 +£0.37
Immature 291+043 2.87+£0.64
Longevity 13.20 £ 1.10 9.25+0.75
Life span 19.85+1.98 15.50+1.20
Pre-oviposition 1.31 £0.06 —
Oviposition 11.50£1.10 -
Post-oviposition 0.19 + 0.06 —

2. Field studies
2.1. Host plants and Damage

Our finding indicated that S. smirnovi not only occurred on almond trees but also on other trees
especially plum, apricot, apple and walnut. Our observations showed that S. smirnovi caused a serious
damage to almond orchards in the region especially during hot and dry conditions. Adults and
immature stages of the mite settle on young leaves and start damaging almond foliage by sucking cell
contents of the leaves. The damage symptoms appear as fine stippling on the upper leaf surface. Under
heavy mite infestations, both leaf surfaces were covered by webbing which absorbs a large amount
of dust and consequently significantly reduced photosynthesis. After a while, due to unfavorable leaf
conditions, the mite migrates from the old to younger leaves. When a large population persists for a
few weeks, webbing may cover the whole plant leaves which eventually turn brown, die and fall off
and quality and quantity of the nut gets significantly reduced.

2.2. Over-wintering

Seasonal activities and population fluctuations of S. smirnovi on almond under natural conditions
showed that the mite overwintered in the form of eggs at the bases of buds and spurs, on small limbs
and twigs of almond (1 to 3 years old). Results showed that diapausing overwintering eggs did not
hatch before March. Samples collected weekly from late November to mid-March did not hatch when
incubated at optimum conditions (27.5 + 1 °C, 50 £ 5 % RH) in laboratory, whereas those collected
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after second decade of March hatched 10 days later. Under natural conditions, overwintering eggs
hatched depending on the climate conditions from the third decade of March (in 2008) to the third
decade of April (in 2009). The average winter temperature of the first and second year of the study
was 0.45 °C and 4.57 °C, respectively.

2.3. Population fluctuations of S. smirnovi and its predator Scolothrips longicornis Priesner

In 2008, overwintering eggs hatched in the fourth week of March. The mean temperature of that
time was measured as 15.3 °C and with no rainfall. As temperature rose, mite population continuously
increased and reached to the maximum density (99.5 mites/leaf) from 10" to 25" June and then
rapidly declined to the minimum value (0.3 mites/leaf) in the fourth week of July. As the results
showed, S. longicornis population started its increasing from 10™ June and reached to the maximum
(6.2 all stages of thrips/leaf) on the second week of July. Then there was an increase in the mite
population and the second peak (8.1 mites/leaf) was observed in last week of July. From this time to
the end of October, mite population fluctuated at almost same level. As the mite population decreased,
predator population also decreased rapidly from end of July and stabilized at low level until the end
of October (Fig. 1). The calculated degree-days from March 30™ to November 30" was 1830.5,
therefore, the mite could produce 12—14 generations per year.
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FIGURE 1. Population fluctuations of almond spider mite, Schizotetranychus smirnovi Wainstein, and its predator
Scolothrips longicornis under the field conditions in Saman region, Chaharmahal va Bakhtiari province during 2008
(one fourth of the mite population was shown in the figure).

In 2009, overwintering eggs hatched at the fourth week of April but because of the rainy days,
they could not lay on the leaf until May 15", During this year, population of the phytophagous mite
and predatory thrips fluctuated simultaneously. The first population peak of S. smirnovi (1 mite/leaf)
and S. longicornis (0.90 thrips/leaf) was observed on May 25" and June 15%, respectively. From
fourth week of May to fourth week of June, mite population decreased gradually and reached near
zero but then increased rapidly to its second peak (13.2 mites/leaf) at the first week of August.
Predator population also increased to a maximum (1.4 thrips/leaf) at the second week of August. The
third (27.6 mites/leaf) and fourth (30.4 mites/leaf) peaks of the mite population were observed in
fourth week of August and October's second week, respectively. A similar trend was observed in the
population fluctuation of predatory thrips. From mid-October to mid-November, population of S.
smirnovi decreased on the leaves and females migrated to the shoots to lay overwintering eggs (Fig.

S. SMIRNOVI: BIOLOGY AND LIFE CYCLE IN LABORATORY AND FIELD CONDITIONS



284 SAEIDI and NEMATI 2020

2). Calculated degree-days from March 30" to November 30™ was 1658.3, therefore, the mite could
produce 11-13 generations. In both years of study, a significant positive correlation (Fi.25 = 20.58, r
= 0.69, P = 0.0001) was found between populations of S. smirnovi, and predatory thrips, S.
longicornis.
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FIGURE 2. Population fluctuations of almond spider mite, Schizotetranychus smirnovi Wainstein, and its predator
Scolothrips longicornis under the field conditions in Saman region, Chaharmahal va Bakhtiari province during 2009
(one fourth of the mite population was shown in the figure).

Observations showed that temperature plays an important role in population fluctuations of S.
smirnovi. In early spring not only eggs hatched depending on the temperature, but also the pest
population slowly increased, due to rainfall and low temperature during April and May, whereas by
gradual increase of the temperature, the mite populations rapidly increased during June and July (Figs.
1, 2). Moreover, as temperature dropped in October to less than 15 °C, mite population growth
declined, and females gradually moved to 2—3 years old shoots laying overwintering eggs around the
buds until the end of October. Results showed significant positive correlations of mean temperature
with population density of the mite, S. smirnovi, (Fi25 = 5.98, r = 0.45, F = 0.022) and predatory
thrips, S. longicornis, (Fi25 =5.57, r = 0.44, F = 0.027) during both studied years.

Spring and summer rains also have an effective role in reducing pest populations. Total
precipitation during the first, second, third and fourth weeks of April and first week of May, 2009,
was measured as 9.9, 58.8, 0.5, 30.2 and 7.8 mm, respectively, which probably prevent mite from
successfully establishing on almond leaves. Again, when a rainfall (totally 11.4 mm) occurred on
June (19" to 22™ 2009), the population of almond spider mites was reduced significantlyto the extent
that it was difficult to find different stages of the mite on almond leaves. Same trend was detected in
the studied orchards after the rainfall of 9™to 10" of September 2008 (11.4 mm).

DISCUSSION

Schizotetranychus smirnovi has been a major pest of almond since 2005 in Chaharmahal va Bakhtiari
province, Iran. The relative importance of this pest is mainly due to use of extensive sprayings against
other important pests such as aphids and almond wasp (Saeidi and Nemati 2017). Moreover, the
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increasing temperature and drought stress during the growth season has increased the mite's
population (Saeidi 2011).

Our laboratory studies indicated that immature stages of S. smirnovi were completed within a
few days (2.87 = 0.64 and 2.91 £ 0.43 for male and female, respectively) at 27.5 °C. This is in
agreement with Saeidi and Nemati (2017), who found that among the 11 constant temperatures (10—
36 °C), the optimum temperature range for population development of S. smirnovi was 27.5 to 30 °C.
Immature development period of T. urticae female at the same temperature was reported as 4.48 days
on almond (Saeidi 2013) and 9.4 days on peach (Riahi et al. 2013). This is 3.5 days for T. mcdanieli
on red raspberry (Roy et al. 2002).

We calculated longevity of the male and female as 9.25 + 0.75 and 13.20 £ 1.10 days, respect-
tively. This was reported 20.5 + 2.02 days for T. urticae females on peach (Riahi et al. 2013). In the
present study, the longevity of S. smirnovi females (9.25 + 0.75 days) and males (13.20 = 1.10) was
higher than T. urticae females and males (3.75 + 0.62 and 5.92 £ 0.55 days, respectively) on peach
(Riahi et al. 2013) as well as longevity of T. urticae females (10.45 days) on almond (Saeidi 2013).
Other researchers reported different results at similar or close constant temperatures. Carey and
Bradley (1982) found the mean longevity of T. urticae females 14.71 and 9.71 days at 23.8 and 29.4
°C, respectively. Kasap (2004) reported the longevity of two-spotted spider mite females 29.9, 25.9,
16.8 and 4.7 days at 20, 25, 30 and 35 °C, respectively.

Mean daily fecundity (5.05 + 0.16) and total fecundity (58.13 + 6.60) of S. smirnovi at 27.5 °C
were higher than T. urticae (3.1 + 0.55 and 18.74 + 2.61) on peach susceptible variety ‘J.H Hale’
(Riahi et al. 2011). Other researchers reported different results at the same temperature for T. urticae.
Saeidi (2011) reported 15.1-57.6 eggs/female on different varieties of almond, whereas Ju et al.
(2008) reported 141 eggs/female on eggplant. The difference observed could be due to species, host
plant, the geographical origin and adaptation of different species.

Field findings indicated that S. smirnovi not only caused a serious problem on almond orchards
in the region but also was observed on other horticultural crops especially plum, apricot, apple and
walnut trees. Incidence of S. smirnovi was reported for the first time by Wainstein (1960) on plum
and apricot in Kazakhstan. Later, it was collected by Mitrofanov (1978) from Tajikistan. Outbreak of
the mite on almond trees was reported by Saeidi et al. (2011) in Iran. Migeon and Dorkeld (2008)
collected the mite on walnut (Juglans regia), white berry (Morus alba), apple (Malus domestica) and
apricot (Prunus armeniaca). The knowledge on different factors and mechanisms influencing host
plant acceptance and feeding may be important in determining strategies on management and
estimating the risk posed by pest species to new areas. Testing host acceptance is very important in
respect to invasive species which may be able to extend their host range and become a problem in
agro-ecosystems.

Based on results presented here, S. smirnovi overwinters in the form of eggs at the bases of buds
and spurs, on small limbs and twigs of almond, diapausing until the following March. Other almond
injurious spider mites such as T. urticae, and T. pacificus overwinter in the form of adult females
under rough almond bark, in ground litter, and on winter weeds (Zalom et al. 2016), whereas
Panonychus ulmi overwinters in the form of eggs on rough bark at the bases of buds and spurs, on
small limbs and twigs, and in limb crevices and forks (Garcia-Marl et al. 1991). Our observations
showed that, in 2008, overwintered eggs hatched in the 4" week of March whereas in 2009, they
hatched in the 4™ week of April. Saeidi and Nemati (2017) estimated the lower thermal threshold of
S. smirnovi as 10.7 °C. Based on the meteorological data (Figs. 1, 2), mean temperature of the first
(2008) and second (2009) year of study increased above this level from the fourth week of March and
fourth week of April, respectively. Observations of Garcia-Marl et al. (1991) showed that
overwintered eggs of P. ulmi hatched after their cold requirements had been fulfilled. Moreover,
chilling requirements to break diapause differ in eggs collected from two different locations in Spain.
In Valencia, the warmer region, only 70 days at 1 °C were needed to break diapause whereas in Lerida
it took 90-100 days (Garcia-Marl et al. 1991).
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Our results clearly showed that the mite population increased rapidly during June and July 2008
and 2009. The relation between S. smirnovi and mean temperature was significantly positive. Various
researchers recorded the highest number of spider mites on different host plants during the summer
season. According to Singh and Singh (1993), increase in population of T. urticae was associated
with periods of high temperature and low humidity on okra. Kumar et al. (2015) reported T. urticae
as a serious problem on okra plant during the summer months in Varanasi, India. Kumral and Kovanci
(2005) reported that T. urticae population was positively correlated with mean temperature, while
negatively to mean humidity. They also recorded the highest population of the mite on eggplant from
late June to late August in Bursa province, Turkey.

Calculation of total degree-days indicated that S. smirnovi could produce12-14 generations/year
under field conditions. According to Saeidi and Nemati (2017), females and males of S. smirnovi
required an average of 136.67 and 125.31 DD to complete their development on almond at laboratory
conditions, respectively. Other researchers reported different results for T. urticae. Riahi et al. (2013)
reported an average of 136.43 DD, whereas, Kasap (2004) reported the mean number of 160.21 DD
for T. urticae on peach and apple, respectively.

As the results indicated, S. longicornis showed a strong response to the S. smirnovi fluctuation
(Figs. 1, 2). Kirk (1997) demonstrated that predatory thrips were sometimes able to suppress the mite
population below the damage threshold, depending on the timing of introduction. According to
Pakyari and Enkegaard (2012) daily consumption of T. urticae eggs by female S. longicornis (24 eggs
per day at 26 °C) was higher than those reported for female phytoseiid mites. The predation capacity
of S. longicornis suggested using this predatory thrips for control of T. urticae and other
Tetranychidae mites in greenhouses (Kili¢ and Yoldas 2004; Pakyari and Enkegaard 2012) and open
farmlands (Masarovic 2013). Our observations showed that in addition to S. longicornis, several
natural enemies, including predatory mites of Phytoseiidae, Trombidiidae, Erythracidae, Anystidae
and Tydeidae and predatory Coccinellids fed on almond spider mites. The efficiency of these should
be studied further.

This is the first study of the annual life cycle, population fluctuations of S. smirnovi on almond
trees under natural conditions and provides fundamental information for other researchers who are
interested to work on different biological aspects of this mite. Moreover, it provides practical
information on the seasonal abundance of S. smirnovi and its associated predator, which may prove
useful for the agricultural experts and farmers to develop a successful integrated pest management
(IPM) program.
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