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ABSTRACT

The two-spotted spider mite (TSSM), Tetranychus urticae Koch (Acari: Tetranychidae) is a significant pest of
strawberries, both in greenhouse and field conditions. Research was conducted to evaluate the impact of seven different
strawberry cultivars (Albion, Gaviota, Camarosa, Paros, Ventana, Sabrina, and Selva) on the life history of TSSM
under laboratory conditions at 25 + 1 °C, 65 * 5% RH, and a photoperiod of 16:8 (L:D). The results showed that the
pre-adult duration varied significantly from 8.95 to 9.92 days, where Albion and Gaviota had the longest (9.69 and
9.92 days, respectively), while Ventana had the shortest duration (8.59 days). Female longevity was longer on Albion
compared to other cultivars, but there was no significant difference among the other cultivars tested. The highest
fecundity was observed on Sabrina and Gaviota (113 and 108 eggs/female, respectively), while the lowest was recorded
on Paros (67.97 eggs/female). TSSM had the highest intrinsic rate of increase (r) and finite rate of increase (A) (0.265
d*and 1.304 d, respectively) on Sabrina, while on Albion had the lowest ones (0.230 d™* and 1.259 d™?, respectively).
The results indicated that TSSM preferred Sabrina, while Albion was less favorable for this phytophagous mite. This
information can be useful for designing an integrated pest management programs to control the TSSM population.
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INTRODUCTION

Strawberry is an herbaceous plant from the Rosaceae family. It is an economically important product
and a rich source of antioxidants (Livinali et al. 2014), which has led to its cultivation around the
world (Zhou et al. 2023). However, one of the most common pests on strawberry in fields and
greenhouses is the two-spotted spider mite (TSSM), Tetranychus urticae Koch, which is a generalist
feeder with a wide host range (Monteiro et al. 2014). By feeding on plant cells, this pest causes
paleness and necrosis. In high population density, it can reduce the yield and even destroy the plants
(Meck et al. 2013; Nyoike and Liburd 2013).
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To combat the TSSM, the acaricides like abamectin, spiromesifen, and etoxazole are commonly
used (Aly et al. 2023), however, the effectiveness of these pesticides has been decreased due to the
rapid development of resistance (Marques-Francovig et al. 2014). Additionally, these chemicals can
harm human health and cause pollution in the environment, especially on fresh products (Himanen et
al. 2005).

One of the best alternative strategies for managing TSSM population is to utilize resistant host
plant cultivars (Follett 2017). This technique is advantageous when combined with a more compre-
hensive pest control program. Resistant cultivars can significantly decrease the population density of
this pest, reduce herbivory damage, enhance predator effectiveness, and decrease the necessity for
pesticides (Osman et al. 2019).

Extensive research has been conducted on the resistance of various host plant cultivars, including
soybean, bean, cucumber, eggplant, and strawberry to the TSSM (Razmjou et al. 2009; Sedaratian et
al. 2011; Khanamani et al. 2013; Maleknia et al. 2016; Karlec et al. 2017). Each host cultivar displays
different levels of resistance including strawberry (Gugole Ottaviano et al. 2013; Rezaie et al. 2013).
Different cultivars of strawberry plants contain varying levels of substances and chemical compounds
that can affect the growth and reproductive rates of TSSM (Buricova et al. 2011). To determine how
resistant host plants affect TSSM, researchers utilized the life table parameters to get a better
understanding of how long it takes for TSSM to develop, survive, and grow when it feeds on different
host plants. This research aims to investigate an analytical approach to the impact of new strawberry
cultivars on the life table parameters of TSSM, which will be useful for designing a comprehensive
package for managing destructive populations of this serious pest.

MATERIALS AND METHODS

Plant cultivation

Bare-root seedlings of seven strawberry cultivars, including Camarosa, Sabrina, Paros, Gaviota,
Albion, Ventana, and Selva were obtained from the Agricultural Organization of Kurdistan Province,
Sanandaj, western Iran. Twenty seedlings of each cultivar were planted in plastic pots (14 cm
diameter and 30 cm height) filled with a mix of leaf mold and soil (ratio 1:1), inside a greenhouse at
25 + 5 °C, 65 + 10% RH, and natural photoperiod. To ensure that all experiments were conducted
under the same conditions, all plants were watered simultaneously. No fertilizers or pesticides were
used on any plants during the experiments.

Stock culture of TSSM

An initial population of TSSM was maintained on bean plants (Phaseolus vulgaris variety of
Khomein) in a greenhouse under natural photoperiod, temperature of 25 + 5 °C, and a relative
humidity of 65 + 10%. Fresh bean seedlings were regularly supplied to the TSSM stock culture. The
stock colony was reared for several generations before experimentation.

Experimental setup

The experimental setup involved a rearing unit consisting of a whole leaf of strawberries placed
on several cotton threads inside a water-containing Petri dish (6 x 1 cm in diameter and height,
respectively). To maintain the freshness of the rearing arena, old leaflets were replaced with fresh
ones every four days.

Twenty adult males and females of TSSM were isolated from the stock colony on bean plants
and moved to different leaf discs of strawberry cultivars. For the experiments, 70 same-aged eggs (<
24 hours old) were used. Each egg was transferred individually using a 000 brush to the leaf discs.
The pre-adult stages were monitored daily by stereomicroscope. After the emergence of adults, males
and females were mated, and their survival and fecundity were recorded until the death of the last
individual. The leaves of the discs were replaced with fresh ones every four days. All experiments
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were conducted under laboratory conditions at 25 + 1 °C, 65 + 5% RH, and a photoperiod of 16:8 (L:
D) h.

Statistical analysis

The study used the age-stage, two-sex procedure (Chi and Liu 1985; Chi 1988) to obtain the life
table parameters for TSSM on different strawberry cultivars. The TWOSEX-MSChart software (Chi
2023), which uses the bootstrap resampling technique was used to calculate all parameters. The study
employed 100,000 resamplings to estimate the standard errors and variances of different life table
parameters. Instead of ANOVA multiple comparisons based on variance, the study used the paired
bootstrap test to evaluate the differences in all parameters.

RESULTS

Duration of different life stages, survival rate, and fecundity

The duration of different developmental stages of TSSM varied significantly on different
strawberry cultivars, as shown in Table 1. Gaviota and Albion took the longest to reach adulthood
(9.92 and 9.69 days, respectively), while Ventana took the shortest (8.59 days). In terms of female
longevity, Albion (25.88 days) had the longest period, while there was no significant difference
among the other cultivars. Camarosa (25.61 days) had the longest male longevity, while the shortest
period was recorded on Paros (12.58 days). The total lifespan of TSSM on Albion (35.82 days) was
the longest, and that on Ventana (25.19 days) the shortest. The age-stage survival rate curves suggest
that the TSSM can thrive on all tested cultivars and complete its life cycle (Fig. 1). However, the
cultivars had a slight impact on TSSM pre-adult survival. The survival rates of TSSM pre-adults
ranged from 0.86 to 0.97.

Table 1. Mean (+ SE) duration of different life stages and fecundity of Tetranychus urticae on different strawberry
cultivars. All parameters in days except for Fecundity (eggs/female).

Parameters Sabrina Camarosa Gaviota Ventana Selva Albion Paros
Egg 4.02 £0.13ab 3.73+0.07c  4.07+0.07ab 4.06 +0.06ab 3.88+0.09bc 4.14+0.07a 3.69 +0.10c
Larva 1.80 £ 0.10bc 1.69 + 0.10bc 2.15+0.13a 1.53+0.10c 1.81+0.08b 1.83+0.09b 1.89+0.09ab
Protonymph 1.71£0.10a 1.65+0.08ab 1.67 £0.10ab 142+0.09% 1.62+0.10ab 1.69+0.09a 1.81+0.10a
Deutonymph  1.59 + 0.08b 1.88+0.15ab  2.00 £ 0.10a 156 +0.09p 1.84+0.09ab 2.03+0.10a 1.91+0.12a
Preadult 9.11+0.18b 8.97+0.19bc  9.92+0.18a 859+0.12c 9.16+0.18b 9.69+0.15a 9.23+0.17b
Female 19.03+£1.87b 1997+1.63b 19.64+151b 17.96+156b 20.28+1.07b 25.88+1.90a 18.58 +1.66b
longevity

Male 23.49 £ 3.58ab 25.61+2.45a 18.00+1.47bc 14.00 +2.50cd 18.17 + 3.80acd 26.89 + 5.36ab 12.58 +1.88d
!?Qt?aﬂlif‘g 29.34 + 1.61bc 30.31+1.39b 29.18+1.20b 2519+1.40c 29.04+1.07b 35.82+1.91a 26.61+1.43bc
TI?SP 1.20 £ 0.08a 1.39 £ 0.15a 1.18+0.12a 1.29+0.14a 131+9.13a 1.42+9.78a 1.43+9.37a
TPOP 10.32 £ 0.25¢ 10.39£0.30bc 11.18 +0.29ab 10.10£0.22¢c 10.50 +0.21bc 11.35+0.22a 10.64 + 0.23bc
Oviposition 15.95 £+ 1.50b 1483+1.08b 17.04+1.27ab 1481+0.94b 15.58+0.89b 19.76+1.1la 14.86 +1.25b
gzzzndity 113.50 + 14.53a 92.94 + 10.42abc 88.18 + 8.81labc 108.19 + 6.42a 81.26+ 6.26bc 94.89 + 7.88ab 67.97 + 7.46¢

* Means followed by different letters in the same row are significantly different using the paired bootstrap test at a 5%
significance level.
** APOP adult pre-oviposition period; TPOP total pre-oviposition period (from egg to first oviposition).

According to Table 1, the reproductive period of TSSM was affected by various cultivars, except
APOP. The fecundity of TSSM varied from 67.97 to 113.50 eggs/female on different cultivars. The
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Sabrina cultivar caused the highest fecundity, while the Paros cultivar caused the lowest. Figure 2
shows that TSSM reproduced on all cultivars tested. The age-specific fecundity (mx) and age-stage-
specific fecundity (fyj) demonstrate the daily oviposition patterns of TSSM throughout its lifespan.
The Sabrina cultivar caused the highest daily fecundity (7.12 eggs/female/day) at the age of 18 (Fig.

2).
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Figure 1. The age-stage-specific survival rate (sy) of Tetranychus urticae on different strawberry cultivars.

Population growth parameters
Table 2 displays the population parameters of TSSM on different strawberry cultivars. The values
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of gross reproductive rate (GRR) and net reproductive rate (Ro) on the cultivars were not significantly
different. The Ro and GRR values on different cultivars varied between 60.36—73.00 and 74.10-
109.75 (eggs/individual), respectively. The TSSM demonstrated the highest and lowest intrinsic rate
of increase (r) and finite rates of increase (\) on Sabrina (0.265 and 1.304 day ! respectively) and
Albion (0.230 and 1.259 day ! respectively). Finally, it was observed that the mean generation time
(T) was longer on Albion (18.13 days) compared to the other cultivars (Table 2).
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Figure 2. The age-specific survivorship (lx), age-specific fecundity (mx) and age-stage-specific fecundity (f) of
Tetranychus urticae on different strawberry cultivars.
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Table 2. Population growth parameters (Mean + SE) of Tetranychus urticae on different strawberry cultivars.

Cultivars  GRR (eggs/individual)  Ro (eggs/individual) r (day™) 2 (day™) T (day)
Sabrina 109.75 + 17.97a 73.00+12.50a 0.265+0.012a 1.304+0.016a  16.12 + 0.36hc
Camarosa 77.73 £11.59a 61.14 + 9.86a 0.259+0.012ab 1.296 + 0.016ab 15.83 +0.28c
Gaviota 98.06 + 15.42a 66.14 + 8.93a 0.245+0.009ab 1.277 £0.012ab 17.10 £ 0.40ab
Ventana 107.81 + 15.80a 61.40 £ 9.52a 0.257 +0.011ab 1.293 +£0.014ab  15.98 + 0.35¢
Selva 74.10 + 8.35a 60.36 + 7.56a 0.259+0.008a 1.295+0.011a 15.83+0.21c
Albion 83.69+ 10.10a 65.66 + 8.87a 0.230+0.009b  1.259 £0.011b  18.13+0.41la
Paros 81.85+ 11.76a 52.88 + 7.46a 0.250+0.010ab 1.284 +£0.013ab 15.86 + 0.34c

* Means followed by different letters in the same column are significantly different using the paired bootstrap test at a
5% significance level.

** GRR gross reproductive rate; Ro: net reproductive rate; r: intrinsic rate of increase; A: finite rate of increase; T: mean
generation time.

DISCUSSION

When it comes to pest control, it's crucial to evaluate the impact of different plant cultivars on pest
populations. Life table analysis is an effective technique that can be used for this purpose (Chi et al.
2023). To better understand the growth, development, and reproduction of populations, several
parameters such as development time, fecundity, intrinsic rate of increase (r), finite rate of increase
(4), and net reproductive rate (Ro) should be evaluated (Afifi et al. 2010; Rezaie et al. 2013). It has
been shown in previous studies that the plants which serve as hosts for TSSM like bean (Razmjou et
al. 2009), cucumber (Maleknia et al. 2016), soybean (Sedaratian et al. 2011), eggplant (Khanamani
et al. 2013), and strawberry (Ferrer et al. 1993; Azadi Dana et al. 2018; VVasquez et al. 2018) vary in
their resistance to the TSSM.

The results of the current research showed that the pre-adult stages of TSSM, including egg
hatching, larva, protonymph, and deutonymph varied significantly across different cultivars. The egg
duration varied slightly among cultivars, which is in line with previous studies on strawberry cultivars
(Esteca et al. 2017; Karlec et al. 2017). In contrast, the difference with some studies (Monteiro et al.
2014; Azadi Dana et al. 2018) is probably due to the effects of the last host or the differences in
rearing methods. The pre-adult duration of TSSM varied among different cultivars, with slightly
shorter values observed in Selva and Albion compared to previously reported data for the same
cultivars (Gugole Ottaviano et al. 2013). In addition, the duration of this stage on the Paros cultivar
was shorter than what was reported by Azadi Dana et al. (2018). However, the pre-adult stage of
TSSM on the Albion, Camarosa, and Ventana cultivars was found to be longer (Karlec et al. 2017)
compared to the values obtained in the present study. These differences are likely attributed to
variations in the rearing conditions before the experiment, the methodology of the experiment,
environmental conditions, and even rearing generations on each cultivar.

One of the parameters significantly influenced by a strawberry cultivar was fecundity. The
Sabrina cultivar was the most desirable for TSSM, showing the highest fecundity. In contrast, the
Paros cultivar exhibited the lowest mite fecundity, highlighting its less suitability for TSSM.
Additionally, the study found that Camarosa, Albion, and Selva were not statistically different, which
confirms the research conducted by Gugole Ottaviano et al. (2013). Rather than fecundity, demo-
graphic parameters such as r and A are more convenient in determining the resistance of different
cultivars to the TSSM. The values of r and A differed significantly among cultivars. These differences
may result from variations in cultivar quality. Our findings indicated that the Sabrina cultivar caused
the highest r and A (0.265 and 1.304 day !, respectively), while the Albion cultivar caused the lowest
(0.230 and 1.259 day?, respectively). This study found that the Sabrina cultivar was highly favorable
to the TSSM, while Albion was the least favorable. Strawberry leaves contain essential nutrients like
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sugar, amino acids, and antioxidants that support the growth and reproduction of TSSM (Buricova et
al. 2011; Livinali et al. 2014). However, secondary metabolites such as phenol in strawberry leaves
negatively affect the growth, reproduction, and population increase of TSSM (Luczynski et al. 1990a,
b). The amount of these metabolites varies among strawberry cultivars (Akhatou et al. 2016) and
affects their attractiveness to TSSM (El-Sawi 2006; Esteca et al. 2017; Karlec et al. 2017; Azadi
Dana et al. 2018; Gong et al. 2018).

Overall, our findings suggest that the TSSM clearly prefers Sabrina, while Albion is significantly
less attractive for this phytophagous mite. Therefore, it is important to consider the selection of
strawberry cultivars when designing integrated pest management strategies to control TSSM.
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