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ABSTRACT

The population abundance of Tetranychus urticae Koch and its naturally occurring phytoseiid mite, Amblyseius
swirskii Athias-Henriot on four strawberry cultivars (029, Fortona, Markez and Wanter star) were studied during
2017/2018 and 2018/2019 seasons. In both studied seasons, the population of 7. urticae was observed from mid-
October, and still recorded until the beginning of May. The peaks of infestation appeared in February or March
(according to the cultivar) then declined later until the end of the study. The predatory mite (4. swirskii) initially
appeared in January 2018 and 2019, while its population's peaks were observed in March on the four cultivars. In the
two studied seasons, 029 cultivar was infested with the maximum numbers of 7. urticae followed by Markez and
Fortona cultivars, while Wanter star cultivar had the lowest infestation. In the present study, as the foliar concentrations
of alkaloids and phenolic compounds increased, the cultivar infestation with 7. urticae decreased. In all cultivars, a
positive correlation between the populations of A. swirskii and T. urticae was observed. The present work may be
considered useful to develop a successful management program of 7. urticae, a serious pest of strawberry.

KEY WORDS: Population dynamics; predatory phytoseiid mites; Rosaceae; two-spotted spider mite; Tetranychoidea.
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INTRODUCTION

The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), is a serious
polyphagous mite pest attacking massive numbers of greenhouse and field crops worldwide
(Bostanian et al. 2003; Khanamani et al. 2014; Azadi-Qoort et al. 2019). In several crops worldwide,
this mite is a dangerous pest that causes plant damage and significant loss in yield (James and Price
2002). In many cases, plant death can occur as a result of heavy mite infestation (van der Geest 1985).

Strawberry (Fragaria x ananassa Duchesne) (Rosaceae) is a fruit crop that had a characteristic
flavor and is rich in vitamins (Hancock 1990). In Egypt, strawberry is a very important crop, whether
for the fresh local consumption or export (Shehata et al. 2011). Concerning the amount of crop
production, Egypt is the fourth largest strawberry producer in the world (Essa 2015). Among the pests
of strawberry, T. urticae is the most serious pest species attacking strawberry in several regions
worldwide (Garcia-Mari and Gonzalez-Zamora 1999; Greco et al. 1999; Rezaie et al. 2013). Previous
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works done on the effect of different levels of 7. urticae infestation on yield reduction prove its
potential for destroying strawberry (Wyman et al. 1979; Sances et al. 1982; Raworth 1986;
Klamkowski et al. 2006).

Several natural enemies are associated with spider mites in the agricultural fields (McMurtry et
al. 1970). In the farming system, these natural enemies are an essential component. In many cases,
natural enemies were supposed to reduce spider mite populations (Schoenig and Wilson 1992).
Phytoseiid predatory mites are the most important natural enemies of the mite pests (McMurtry and
Croft 1997). As regards to phytoseiid mites, Amblyseius swirskii Athias-Henriot (Acari: Phytoseiidae)
is a polyphagous predatory mite feeding on various types of prey, including thrips, whiteflies
(Messelink ef al. 2006; Calvo et al. 2011) and spider mites in many crops (Xu and Enkegaard 2010).

Studying the occurrence of the pest and its natural enemies offers a good tool in decision-making
within Integrated Pest Management (IPM) programs (Rahmani et al. 2010). Nonetheless, the seasonal
abundance of spider mite population is affected by different factors such as predation by natural
enemies, climate and host plants (Kitashima and Gotoh 2003; Gotoh et al. 2004). In this regard,
different plants have various defensive chemicals, such as phenols and alkaloids, for protection
against herbivores (Dowd et al. 1983; Roininen et al. 1993; Hanley et al. 2007). These defensive
chemicals can cause a decrease in the population growth rate of herbivores (Gotoh and Gomi 2000).
However, identifying plant cultivars with less suitability to the mite pest would lead to, at least,
delaying pest outbreaks (Fahim et al. 2020). Therefore, the objectives of the current study were to:
(1) study the seasonal abundance of 7. urticae and its naturally occurring predator, 4. swirskii on four
strawberry cultivars in Beheira Governorate, Egypt, (2) detect the effect of the leaf contents of
alkaloids and total phenolic compounds on the cultivars infestation with 7. urticae, and (3) evaluate
the relationship between T. urticae population and 4. swirskii population, and the climate factors
(means of temperature and relative humidity).

MATERIALS AND METHODS

Study field

This study was performed during two successive years (2017/2018 and 2018/2019) in a
strawberry field. Four strawberry cultivars (029, Fortona, Markez and Wanter star) were cultivated
in an open field located at Markaz Badr, Beheira Governorate, Egypt. The experimental area consists
of four equal-size plots with three replications/cultivar plot. The area size for each replicate was 28
m? and each cultivar plot was separated from the other cultivar plots by roads.

For all tested strawberry cultivars, irrigation and other agricultural processes (standard for the
area) were applied equally to ensure uniform development of all cultivars. No pesticides were used
in the study.

Seasonal abundance of mites on strawberry

The observations on the occurrence and fluctuation of 7. urticae and A. swirskii on each cultivar
were recorded at weekly intervals, from 15 October to 13 May in 2017/2018 and from 11 October to
9 May in 2018/2019. On each sampling date, 10 mature leaves were taken from 10 randomly selected
plants/replicate (30 leaves per cultivar plot), placed inside labeled plastic bags, kept in an icebox, and
transferred to laboratory for investigation (Sato et al. 2007). All T. urticae and A. swirskii stages on
upper and lower surfaces of each leaf were counted using a stereomicroscope (Sato et al. 2007) and
the weekly mean numbers of each mite on each cultivar during each study season were recorded. In
addition, the overall mean numbers (during the period in which the mite was present in each season,
the weekly values of mite population were averaged over this period to obtain the overall mean
number of mite on each cultivar) of each mite were calculated at the end of each season.
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Estimation of alkaloids and total phenolic compounds

The leaf contents of alkaloids and total phenolic compounds of each strawberry cultivar were
determined as follows:
- The content of alkaloids was determined titermetrically according to Sabri et al. (1973).
- The content of total phenolic compounds was determined by Folin- Ciocateu method as modified
by Singleton and Rossi (1965).

Weather parameters

Climatic data (temperature and relative humidity) during the two studied seasons were obtained
from the nearest weather station of the sampling areas. The daily values of relative humidity and
temperature were averaged over one-week periods to obtain the weekly means of relative humidity
and temperature.

Statistical analysis

One-way analysis of variance (ANOV A) was used to compare (1) 7. urticae populations among
sampling dates in each cultivar; (2) A. swirskii populations among sampling dates in each cultivar;
and (3) the leaf contents of alkaloids and total phenolic compounds among cultivars. The effect of
season and cultivar on the populations of 7. urticae and A. swirskii were tested with analysis of
variance using General Linear Model (GLM). In the analysis of variance, means comparisons were
made using Tukey's multiple range test (P < 0.05). A linear regression analysis was performed
through a stepwise method to determine the relationship between T. urticae population and A. swirskii
population, and the climatic factors (means of temperature and relative humidity). All statistical
analyses were carried out by Statistical Package of Social Science (SPSS), version 20.

RESULTS

Seasonal abundance of mites on strawberry

The population abundance of 7. urticae and A. swirskii on four strawberry cultivars (029,
Markez, Fortona and Wanter star) during two successive seasons are shown in Figures 1-3. In both
studied seasons, the population of 7. urticae was initially observed in mid-October, and still recorded
until the beginning of May. The peaks of infestation appeared in February or March (according to the
cultivar) then declined later until the end of the study. On the four cultivars, the phytoseiid mite, 4.
swirskii was absent from mid-October to January when it appeared. As the population of 7. urticae
increased, 4. swirskii population also gradually increased and reached its highest level in the last half
of March and re-decreased later until the end of study in both seasons.

During the 2017/2018 season, the populations of 7. urticae were low at the beginning of the
sampling duration (15" October) and progressively increased to reach their peaks in late February in
029 and Fortona cultivars or in March in Markez and Wanter star cultivars. The mean numbers of 7.
urticae were significantly higher on 25" February 2018 (P =0.00) for 029 (1195.70 + 1.27 mites/leaf)
and Fortona cultivars (418.23 + 1.26 mites/leaf) than the other sampling dates. Shortly after the
occurrence of the spider mite peak, the highest mean numbers of A. swirskii on 029 (2.87 £ 0.12 mites
/leaf) and Fortona cultivars (1.53 £ 0.15 mites/leaf) were observed on 25" March 2018 (P = 0.00).
As comparing to the other sample dates, the significant maximum populations of 7. urticae on Markez
(840.60 =+ 1.59 mites/leaf) and Wanter star cultivars (310.20 + 0.55 mites/leaf) were observed on 11"
(P =0.00) and 25" March 2018 (P = 0.00), respectively. Almost simultaneously with the peaks of T.
urticae population, the results showed that the peaks of predatory mite populations on Markez (2.87
+ 0.18 mites/leaf) and Wanter star cultivars (1.27 £ 0.09 mites/leaf) occurred on 25" (P = 0.00) and
18™ March 2018 (P = 0.00), respectively (Fig. 1).
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Figure 1. Mean numbers of Tetranychus urticae and Amblyseius swirskii populations on four strawberry cultivars during
2017/2018 season.

Comparable to what was noticed in the first season, the results of the second season (2018/2019)
showed that T. urticae were initially noted on 11% October 2018 with an average of 10.93 + 0.75,
6.93+0.77,4.33 +£0.54 and 0.13 = 0.03 mites/leaf for 029, Markez, Fortona and Wanter star cultivars,
respectively. On 029 and Fortona cultivars, the significantly highest 7. urticae populations (mean +
SE mites/leaf) were detected on 21% February 2019 (P = 0.00), while the peaks of A. swirskii
populations were observed on 21% (P = 0.00) and 28" March 2019 (P = 0.00), respectively. On
Markez and Wanter star cultivars, the population peaks of 7. urticae were observed on 7" March
2019 (P = 0.00). Similarly, the predator population also increased to its maximum mean numbers in
March, specifically on 21 (P = 0.00) and 28" March 2019 (P = 0.00) for Markez and Wanter star
cultivars, respectively (Fig. 2).

The results of GLM analysis revealed that 7. urticae populations differed significantly among
cultivar (F = 11.76; P = 0.00), whereas season didn't significantly contribute to the whole variation
in the populations (¥ = 0.05; P = 0.82) and no interaction between season and cultivar was detected
(F=0.01; P=0.99) (Table 1). In the two studied seasons, the highest overall mean numbers of 7.
urticae were found on the plants of both 029 and Markez cultivars as compared to the other cultivars;
without significant differences between 029 and Markez or between Fortona and Wanter star
cultivars. Plants of 029 cultivar were infested with the highest overall mean numbers of 7. urticae,
followed by Markez, Fortona and Wanter star cultivars (Fig. 3).

Also, the GLM analysis displayed significant differences in A. swirskii populations among
cultivars (F = 3.84; P=0.01). The effect of season on A. swirskii populations was insignificant (' =
0.01; P =0.94) and no interaction between season and cultivar was observed (F' = 0.42; P = 0.74)
(Table 1). In both seasons, plants of Markez and 029 cultivars carried higher overall mean numbers
of A. swirskii than plants of the other cultivars; with no significant differences between Markez and
029 or between Fortona and Wanter star cultivars. During the two seasons, the maximum overall
average of A. swirskii was recorded on Markez, followed by 029, Fortona and Wanter star cultivars

(Fig. 3).
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Figure 2. Mean numbers of Tetranychus urticae and Amblyseius swirskii populations on four strawberry cultivars during
2018/2019 season.

Table 1. Analysis of variance for the effect of season and cultivar on the mite populations.

Source Ms df F P
Tetranychus urticae

Season 3393.71 1 0.05 0.82
Cultivar 736437.67 3 11.76 0.00
Season X cultivar 117.20 3 0.01 0.99
Error 62612.05 240

Amblyseius swirskii

Season 0.01 1 0.01 0.94
Cultivar 2.08 3 3.84 0.01
Season X cultivar 0.23 3 0.42 0.74
Error 0.54 109

Effect of alkaloids and total phenolic compounds on T. urticae infestation

It is displayed from Table (2) that the leaf contents of alkaloids and total phenolic compounds
were significantly higher on Wanter star and Fortona cultivars as compared to 029 (F =7.58; P=0.00
and F = 3.83; P =0.04, respectively). However, there was no significant difference in the leaf content
of total phenolic compounds between 029 and Markez cultivars.

The relationship between T. urticae and A. swirskii populations, and the climatic factors on the
strawberry cultivars

The linear regression analysis via the stepwise procedure of the relationship between T. urticae
population and 4. swirskii population, and the climatic factors (means of temperature and relative
humidity) on four strawberry cultivars is presented in Table (3). In both seasons, the R? values in the
stepwise regression analysis ranged between 0.57 and 0.90 which means that 57 to 90 % of the
variations in 7. urticae population is explained by the linear regression analysis (Table 3). In
2017/2018 and 2018/2019 seasons, the regression analysis using the stepwise method revealed that
the variable numbers of 7. urticae can be better explained in the field by the mean numbers of 4.
swirskii, since the correlation between these two variables was positive for 029 (P < 0.01), Markez
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(P < 0.01) and Wanter star cultivars (P < 0.01). During both seasons, the population of 7. urticae
displayed a non-significant negative relationship with respect to mean temperature in 029 (P > 0.05)
and Markez cultivars (P > 0.05).

(@) (b)

350 3s 350 35

300 - w1 ourticae == A swirskii | 3 300 - mes T ourticae == A, swirskii | 3

250 150 4 r 2.5

200
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Figure 3. Overall mean numbers of Tetranychus urticae and Amblyseius swirskii on four strawberry cultivars during
(a) 2017/2018 and (b) 2018/2019 seasons.

Table 2. Leaf contents of alkaloids and total phenolic compounds of four strawberry cultivars.

Strawberry cultivars

Phytochemicals 029 Fortona Markez Wanter star F P
Alkaloids (%) 0.20+0.00 b 0.27+0.01 a 0.25+0.01 a 0.27+0.01 a 7.58 0.00
Total phenolic 10.66 £047b  12.63+0.52a 11.50 £ 0.21 ab 12.67+0.67 a 3.83 0.04
compounds (mg/g)

The means in every row with different letters are significantly different at P < 0.05.

During both studied seasons in Fortona cultivar, the analysis by stepwise regression revealed that
the variable numbers of 7. urticae population in the field can be explained by the average numbers
of A. swirskii and temperature; these two variables had positive (2017/2018: P <0.01 and 2018/2019:
P <0.05) and negative (2017/2018: P <0.01 and 2018/2019: P < 0.01) relationships with 7. urticae
population, respectively. In all cultivars, the relative humidity didn't significantly influence the
population of 7. urticae during both seasons.

In the two seasons, the regression analysis using the stepwise method revealed that the variable
numbers of A. swirskii can be better explained in the field by the mean numbers of T. urticae, since
the correlation between these two variables was significantly positive for all cultivars (P < 0.01),
while both temperature and relative humidity didn't significantly affected the population of the
predatory mite.
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Table 3. The linear regression analysis of the relationship between Tetranychus urticae population and Amblyseius
swirskii population, and the climatic factors (means of temperature and relative humidity) on four strawberry
cultivars under field conditions.

fltlli?i:fv:rzrry Source R? F P Coefficient
2017/2018 season

029 A;Zg;g;&‘;g‘?*‘g;’“ 0.58 19.59 0.00 —06?;;;5
Fortona A;gg;g;&iﬂ?g"“ 057 1865  0.00 06
Markez A;Zggfﬁ;giﬁ‘?ag"“ 060 2120 0.00 _00'_727;;5
Wanter star o) 090 12159  0.00 O
2018/2019 season

029 A;;Vg;g’ag‘fe"?aél)"“ 084 7217 0.00 —06.735;5
Fortona ey 063 2378 0.00 036
are e S MR 4
v mmmee g s w0

Note: * means significant at P < 0.05, ** means significant at P < 0.01, NS means non-significant.

DISCUSSION

Seasonal population abundance is one of the main characteristic features required for making a
sampling program used for research or controlling purpose of the arthropods (Pedigo and Buntin
1994). Our results showed that 7. urticae infested all the studied strawberry cultivars in the surveyed
area with different levels of infestation. The population of 7. urticae was initiated in October,
progressively increased and the population peaks appeared in February or March (according to the
cultivar) then declined later. Similarly in Egypt, the infestation peaks of 7. urticae on two Faba bean
cultivars were observed in March (Romeih et al. 2013). In India, the population of T. urticae reached
its peak on brinjal during March (Rao ef al. 2018; Patel et al. 2020), which is in line with the present
study. In New Zealand, Butcher et al. (1987) reported that after the beginning of strawberry
infestation with 7. urticae, the mite population increased for three to four months then it quickly
declined over a short period. The present results appear to support these findings. On the other hand,
Labanowska and Chlebowska (1998) recorded the highest population of 7. urticae during June on
strawberry in Poland. On soybean in Egypt, Waheeb (1998) detected the infestation peak of 7. urticae
in May, although El-Saiedy (1999) noted that the mite infestation was higher in April than in May.
Some other workers detected the peak of 7. urticae infestation during spring on castor bean in Egypt
(Ismail et al. 2007), orchids and French bean in India, respectively (Meena ef al. 2013; Chauhan and
Shukla 2016).

In the current study, the phytoseiid predatory mite (4. swirskii) was collected as a natural enemy
usually related to 7. urticae. This is in agreement with El-Saiedy (1999), Romeih et al. (2013) and
Kamel ef al. (2019) who recorded the presence of A. swirskii with T. urticae in Egypt on soybean,
Faba bean and pea, respectively. However, another phytoseiid mite, Neoseiulus fallacis (Garman),
was detected with 7. urticae on strawberry in British Columbia (Raworth 1990). In both studied
seasons, the population of 7. urticae reached its peaks in February on 029 and Fortona cultivars, while
A. swirskii population peaks occurred in March for the same cultivars. In Iran, similar results were
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obtained by Rahmani et al. (2010) who observed that the highest densities of the tetranychid mite,
Panonychus ulmi (Koch) occurred in August, while the peak of its stigmaeid predator, Zetzellia mali
(Ewing) occurred in September on apple. In India, Rao ef al. (2018) observed that Neoseiulus
longispinous (Evans) showed a close correlation with 7. urtice on brinjal. In their study, the highest
population of 7. urticae occurred on March, while the highest population of N. longispinosus was
observed during February.

On Markez and Wanter star cultivars, the population peaks of 7. urticae occurred in March which
is almost simultaneous with the population peaks of its predatory mite during the two studied seasons
(Figs. 1-2). Similar conclusion was attained by Patel et al. (2020) who noticed that the populations
of T. urticae and its phytoseiid mite, Amblyseius alstoniae Gupta reached their peaks during March
on brinjal crop in India. Also in India, the maximum populations of 7. urticae and its predatory mite,
Euseius sp. were observed during April on grape (Veerendra et al. 2015).

The present results showed a similarity in the seasonal prevalence of 7. urticae populations on
the four cultivars, but its abundances on the cultivars are varied. In the two studied seasons, 029 was
infested with the maximum numbers of 7. urticae followed by Markez and Fortona cultivars, while
Wanter star cultivar had the lowest infestation. Our results were in accordance with the results of
Afifi et al. (2010) who observed variation in the mean densities of 7. urticae on two strawberry
cultivars (Charlie and Camarosa) in Egypt. Likewise, Ali ef al. (2015) detected variations in 7. urticae
population that infested different tomato hybrids. However, increasing the population of tetranychid
mites is affected by different plant cultivars or species, and these differences may be related to
nutritional value (van de Vrie et al. 1972), chemical contents and/or morphology of the host plant
(Afifi et al. 2010).

A variety of plants produce toxic chemical compounds such as phenols, alkaloids, quinones and
terpenoids that retard the development or kill the plant feeder pests (Hanley ef al. 2007). Phenolic
compounds are believed to be one of the most important chemicals of plant defensive compounds
(Norris and Kogan 1980). In our study, Wanter star cultivar was found to contain the highest contents
of alkaloids and total phenolic compounds followed by Fortona, Markez and 029 cultivars (Table 2).
So, as the foliar concentrations of alkaloids and phenolic compounds increased, the cultivar
infestation with 7. urticae decreased. The present results were in agreement with the findings of Afifi
et al. (2010) who indicated that an increase in the phenolic compounds of strawberry cultivars results
in a reduction in 7. urticae infestation. A negative association between the level of mite infestation
and the foliar alkaloids and phenolic compounds of tomato hybrids was also reported (Ali et al. 2015).

Previous studies indicated that increasing the concentrations of foliar phenolic compounds result
in a reduction in 7. urticae fecundity and/or delay in the mite developmental times (Larson and Berry
1984; Luczynski et al 1990; Wermelinger ef al. 1991). Accordingly, our results supported the findings
of Fahim et al. (2020) who revealed that 029 strawberry cultivar was more suitable for 7. urticae
development and reproduction compared to Fortona and Wanter star cultivars. Therefore, the
selection of strawberry cultivars with high concentrations of phenolic compounds could reduce the
population growth rate of 7. urticae (Luczynski et al. 1990).

Generally in both seasons, the regression analysis showed that 4. swirskii population appeared
to be the most important effective factor that positively correlated with 7. urticae population (Table
3). Similarly, the abundance of the phytoseiid mite, Amblyseius bicaudus (Wainstein) showed a
positive correlation with abundance of 7. urticae in Turkey (Kumral and Kovanci 2005). Also, a
positive relationship was found between 7. urticae and its predatory mite, Fuseius sp. at Atharga (r =
0.852) and at Jumnal (r = 0.913) on grape in India (Veerendra et al. 2015). On brinjal crop, Patel et
al. (2020) found a positive association between the phytoseiid mite, 4. alstoniae and its prey, T.
urticae (r = 0.898) in India.

In most cases of the present study, the population of 7. urticae displayed a non-significant
negative relationship with respect to mean temperature during both seasons. However, the average
temperature was ranged between 12.9 °C and 28.9 °C during our study, i.e. obviously inside the
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temperature range permitting 7. urticae development (Knapp et al. 2006). Our results are compatible
with the results of Majeed et al. (2016) who concluded that temperature had negative relationship
with 7. urticae population on NIAB-98 (r = — 0.63) and IR-443 cotton genotypes (r = — 0.54). Also,
the population of spider mites was found to be negatively correlated with temperature (Gupta et al.
1976). However, contrary findings were also reported from previous literatures supporting the
positive relationship between the population of spider mites and temperature (Meena et al. 2013;
Chauhan and Shukla 2016).

Natural enemies are recorded as one of the elements that influence the spider mite population
dynamics (Huffaker et al. 1970). The current study revealed that there was a positive correlation
between T. urticae and A. swirskii abundances in all cultivars, which suggests that predatory mite
may regulate 7. urticae populations; but with an insufficient level of control. One explanation may
be regarding the degree of the seasonal synchronization between 7. urticae and predatory mite
populations. Presently, T. urticae population was observed in October then followed, with some time
delay, by that of 4. swirskii which appeared in January. Therefore, temporal delay in addition to the
low numbers of A. swirskii may be responsible for the minor influence of 4. swirskii in controlling 7.
urticae on studied strawberry cultivars. It is mentioned by previous research that natural enemies
occurring late in the season or having their numbers increase too slowly are considered ineffective
for spider mites management (Flaherty ef al. 1981; Kitashima and Gotoh 2003). So, the effective
control of spider mites needs to be early existence of the predatory mites when the prey mites are
present at low densities and before the prey's damage is observed (Pickett and Gilstrap 1986; Strong
and Croft 1995; Skirvin and Williams 1999).

CONCLUSION

Taking into consideration the economic significance of strawberry in Egypt and the destructive effect
of T. urticae on that crop, the present work offers significant information to those planting strawberry
or studying the mite's ecology in Egypt. The present results introduced information about the seasonal
abundance of T. urticae and its predatory mite on four strawberry cultivars. So, the present results
may be considered useful to develop a successful management program of 7. urticae on strawberry.
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